
I. L. 41-973A 

INSTALLATION • OPERATION • MA INTENANCE 

INSTRUCTIONS ,.:�;1 ��� . . ... �---------------------------------. -

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

CAUTION Before putting protective relays 
into service, remove all blocking which may 
have been inserted for the purpose of securing 
parts during shipment, make sure that all mov­
ing parts operate freely, inspect the contacts 
to see that they are clean and close properly, 
and operate the relay to check the settings 
and electrical connections. 

APPLICATION 

The type PS-1 supervisory relay is used with 
the type PS-23 relay on HCB pilot wire systems 
to detect short circuits, open circuits, grounds 
and reversed pilot wires. 

The type PS-1 relay is located at one termi­
nal to introduce the supervisory c urrent to 
the pilot wires and to initiate an alarm when 
the pilot wire is opened or shorted. The type 
PS-23 relay is located at the other end of the 
pilot wire circuit and operates to initiate an 
alarm at that terminal when the pilot wire is 
opened or shorted. If remote tripping is re­
quired, the type PS-23 relay provides a means 
of tripping the local breaker by action of an 
auxiliary relay located at the type PS-1 relay 
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Fig. l. Internal schematic of the 48, or 125 volt a·c type 
PS-1 relay in the stanclarrJ case. When remote 
tripping is not requirecl, or for 48 volts d-e with 
or without remote tripping, terminals 7 ancl 8 
ancl associatecl resistors are ommittecl. 

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*Denotes change frorn superseded issue. 

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

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

CONSTRUCTION AND OPERATION 

The d-e operated type PS-1 relay consists of 
a polarized relay element adapted to operate 
on .001 ampere or . 002 ampere d-e pilot wire 
supervisory current. It is equipped with in­
ternal resistor tubes to obtain this current 
from a battery source. The 22 volt d-e relays 
utilize series resistors, whereas relays for 
operation from 48, 125, or 250 volt batteries 
utilize the resistors in a potentiometer ar­
rangement. See Figs. 1 to 4 for three terminal 
lines, where the output of the type PS-1 relay 
is .002 ampere, the potentiometer models are 
equipped with different resistance values in 
the potentiometer than for two terminal lines, 

ToMov1N6 
CONTACTS-

To STATI()NARY 
CONTACTS 

--�COILS ON 
POLARIZED 
f'LCM£'NT 

5-D-1436 

Fig. 2. Internal schematic of the 22 volt cl-c t ype PS-1 
relay in the standard case. 
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TYPESPS-1ANDPS-23RELAYS ____________________________________________ __ 

9-D-8184 
Fig. 3. Internal schematic of the 48, 125 or 250 volt d·c 

type PS-1 relay in the type FT case, 

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

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

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

POLAR TYPE RELAY ELEMENT 
The polarized relay element consists of an 

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

2 
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9-D-8185 

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

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

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

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

110, 120 and 130 volt taps on the transformer 
p r imary. With tap voltage applied to the 
transformer primary, the relay will supply . 001 
ampere d-e to the pilot wire with approximately 
17 volts d-e at the output terminals. If nec­
essary as much as 130 volts may be used con­
tinuously on any of the taps marked from 100 
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TYP ESPS- 1 AH D PS-23 R E LAYS _______________________________________________________________________________________ I�.L�.4�1�- 9�7 3�A 

REAR VIEW 

NORMALLY ENERGIZED, 

CVRRElfr FLOWING OUT OF 

TERMINAL 10 ANtl IN A.T 

TERMifltlo.l 9 TENDS TO CLOSE 

THE R.>t.(i'Ror;r ViEw) CONTAC:IS 

13-D-5763 

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

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

OPERATION INDICATOR 
The operation indicator is a small solenoid 

coil connected in the trip circuit. When the 
coil is energized, a spring-restrained armature 
releases the white target which falls by grav­
ity to indicate completion of the trip circuit. 
The indicator is reset from outside of the 
case by a push rod in the cover or cover stud. 

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

REAR Y 1 EW 

31-D-5083 

Fig. 7. Internal schematic of the type PS·23 r elay in the 
standard case. 
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WAVE 

Rf.LI\Y 

11-D-9404 

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

lays for pilot wire supervision is as follows: 

(1a). Normal Pilot Wire-Two Terminal Lines 

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

I!ECtnx 
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POUR IZEO E'lDfEIH 
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TO IIELAY 

TO SASE TERNS. 

31-D-5074 

Fig. 8. Internal schematic of the type PS-23 relay in the 
type FT case. 
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TYP ESPS- 1 AND PS-23 R ELAYS-------------------------------------------------

(lb). Normal Pilot Wire-Three Terminal Lines 

The action here is the same in principle as 
for two terminal lines, except that the type 
PS-1 relay must furnish .002 ampere total, 
which allows .001 ampere for each of the two 
type PS-23 relays involved. 

(2). Pilot Wire Short Circuited 

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

(3). Pilot Wire Open Circuited 

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

(4). Pilot Wire Grounded 

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

! 
\ ---·· I 

p OS.N£6. PS·l 

PS·I 

pedance from the grounded mid-tap of the po­
tentiometer in the type PS-1 relay to the re­
m ote termina l  on the pilot wire. The type 
PS-23 relay contains a relatively high resist­
ance, such that when either pilot wire becomes 
grounded at any point a long its length, un­
equal currents flow to operate the type PS-1 
relay. This provides supervision for ground 
fault resistance values of 500 ohms or less. 
In the 22 volt d-e relays the mid-point of the 
battery is grounded. 

Station batteries are frequently grounded at 
the midpoint of a circuit consisting of two 
lamps connected in series across the battery 
terminals. An accidental ground on the station 
b attery circuits will not affect the ability 
of the pilot wire short circuits or open cir­
cuits, although the relative sensitivity of 
the type PS-1 relay to grounds on one of the 
two wires of a pilot pair wil l  be changed. 
Ground faults on the pilot wire will not affect 
the grounding lamps on the station battery be­
cause of the high internal resistance of the 
type PS-1 relay. 

(5). Reversed Pilot Wires 

A reversal of the pilot wires will tend to 
pass current thru the type PS-23 relay in the 
reversed direction. The back resistance of 

PILOT 
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TO 
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TYPE 
RELAY 

�r----{'��t- ,J, TO ALARM 1 2 PS•U ..;\� I PS-23 v 
),_ .... TO TRIP 
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TO ALARM 
• �__1--6 0- · 
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�'- • 5 

I ;;'� [;·�; "\ . Ljr-

' ' '\ l_.l 
I� 

•-u::::�ro"c REAR YIEW 

-· J�%:§� '----' 

REAR VIEW 

....... L-- AUXILIARY TRIPPING 
RELAY CONTACTS 

fOR �8 VOLT D·C RELAY • COIINECTI OMS 
SKOWN TO TERMINALS 7 AND 8 SHOULD 8E 
MAOE TO TERMINALS 9 ANO 10 AS TERMINALS 
7 AND 8 ARE MOT fURNISHED. 

DOTTED CONII£CTIONS fOR 
REMOTE TRIPPING,WKEM USED 

31-D-5270 

* Fig. 9. External connections of the 48, 12 5 or 250 volt c:l-c type PS·1 and the type PS-23 relay in the standard c ase for 
pilot wire supervisory and remote tripping. 
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_ 90 VOLT 
-=- 8 -T- BATTERY , 

i+ 
f I -;--H-""' 
�UXILIARY TRIPPIMG 

RELAY CONTACTS 

12 

DOTTED CDMMECTIOMS FOR 
REMOTE TRIPP IMG, WHEN USED. 

- .... TO TRIP 
CIRCUITS 

'---:H'-----0-H-,.. TO ALARM 

HEAR VIEW 

31-D-5271 

* Fig, 10. External connections of the 22 volt d·c type PS· 1 and the type PS-23 relays in the standard case lor pilot wire 
supervisory and remote tripping. 

POS. NEQ, 

AUXIUAR¥ TRIPPING 
RELAY CONTACTS 

12 I 

REAR VIEW 

DOTTED CONNECTIONS FOR 
REJIOTE TRII'l'IMG,WHEN USED 

-- TO TIIIP CIRCUIT$ 
--TO ALARM 

31-D-5272 

* Fig. 1 1. External connections al the 48, 125 or 250 volt d-e type PS· 1 and the type PS·23 relays in the type FT case 
lor pilot wire supervisory and remote tripping. 
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TY PES P S -1AHO PS -23 R E LAYS ____________________________________________ __ 

INSULATING TRAMSFORMER� r--------,--------,_ 

:1-'l�u'{ � ,_.-BJ:J..._t-; 

POS. NEG. 

I 
.J. 

__ TO TRIP 
CIRCUITS 

L-,j.�-)K)-H···- TO ALARM 

::::::: 90 YOLT 

: 8 12 I 

«EAR YIEW 

DOTTED CONNECT! OMS FOR 
REMOTE TRIPPING, 
WMEM USED. 

31-D-5273 

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

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

(6) . Remote Tripping 

Remote tripping is accomplished by applying 
a higher d-e voltage to the pilot wires at the 
sending end, where the type PS-1 relay is lo­
cated. 

For the d-e operated type PS-1 see Figs. 11 
and 12. The polarity of this voltage is the 
same as the normal voltage. For 125 and 250 

volt d-e sources, resistors are used to limit 
the pilot wire current. For the 22 volt models, 
an extra battery source of higher voltage must 
be used. 

Remote tripping for a-c operated type PS-1 

relays is accomplished as indicated in Figs. 13 
and 14. When a 90 volt source is used, such 
as a "B" battery, the two resistors shown in 
the diagram should be 1100 ohms each to limit 
the pilot wire tripping current to . 005 ampere, 
which is sufficient to operate the PS-23 relay 

adjusted for .002 ampere pickup. On the other 
hand, a 45 volt battery source may be used and 
the resistors omitted, in which case the pilot 
wire current will increase to approximately 

6 

. 004 ampere for the remote tripping operation. 

(7). Difference in Ground Potential 

These relays are connected directly in the 
pilot wire circuit a nd must be prote cted 
against high potential resulting from induction 
or differences in ground potential between the 
pilot wire terminals. If the magnitude of this 
potential is between 200 and 500 volts, it is 
recommended that 5 mfd. capacitors be connect­
ed -- one each between the relay pilot wire 
terminals and ground at the type PS-1 relay. 
If the magnitude of this potential exceeds 500 
volts, special means of protecting the relays 
are available. 

INSTALLATION 
The relays should be mounted on switchboard 

panels or their equivalent in a location free 
from dirt, moisture, excessive v ibration and 
heat. Mount the relay vertically by means of 
the two mounting studs for the standard cases 

and the type � projection case or by means of 
the four mounting holes on the flange for the 

semi-flush type FT case. Either of the studs 

or the mounting screws may be utilized f o r  
grounding the relay. The electrical connections 
may be made direct to the terminals by means 
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TYPESPS-1ANDPS-23RELAYS __________________________________________ r. L_. 4_1 _-9_73_A 

INSULATING TRANSFORMER 
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1 
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WIRES 

TO ALARM 
CIRCUIT 

l TO TYPE 
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12 

_.,.TO TRIP 
CIRCUITS 

'-·-,H'-----0-IH--TO ALARM 

REAR VIEW 

!lOTTED COIIIIECTI OMS FOR 
REMOTE TRIPPING, WilEN USED. 

31-D-5274 
iff Fig. 13. External connections of the a-c type PS·1 and PS-23 relays in the standard case for pilot wire supervision and 

remote trip of a t wo terminal line. 

INSULATIMG TRANSFORMER 
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.. 
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PS·B B 3 

AUXILIARY TRIPPING 
RELAY CONTACTS 

12 l H II 'i(+tl���� 

OOTTEO COHHECTIONS FOR 
REMOTE TRIPPING, WKEN USEO. 

REAR �lEW 

TO TYPE 
HCB RELAY 

TO TRIP 
-- CIRCUITS 

TO ALARM 

31-D-5275 

* Fig. 14. External connections of the a-c type PS- 1 and PS-23 relays in the type FT case for pilot wire supervision and 
remote trip of a t wo terminal line, 
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l-olf--- F ----�� 

1-4---. F 

FIG. llO 

MTG. 110I..I!!:S FOI'l·I•O OIA !!KilEW 

MT4.HOLES Fe>lil . l<aO DlA. REW 

94-D-596 

Fig. 15. Outline Cllld Drilling pion for the auxiliary 4 and 
10 mfJ. capacitors. For reference only. 

8 

of screws for steel panel mounting or to ter­
minal studs furnished with the relay for ebony­
asbestos or slate panel mounting. The termi­
nal studs may be easily removed or inserted by 
locking two nuts on the studs and then turning 
the proper nut with a wrench. 

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

CAUTION These relays are connected directly 
in the pilot wire circuit and must be protected 
against high potential resulting from induction 
or differences in ground potential between the 
pilot wire terminals. 

SETTINGS 

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

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

Due to a relatively wide variation in Rectox 
forward resistance ch�racteristics, it is nec­
essary to provide an extra terminal on the 
transformer secondary coil in the a-c type PS-1 
relay for purposes of adjustment. In the event 
that .001 ampere d-e supervisory current can­
not be obtained by the combined adjustments of 
the slide wire resistance i n  the type PS-23 
relay and the use of the primary voltage taps 
in the a-c type PS-1 relay, then the connection 
to the transformer secondary coil in the a-c 
type PS-1 relay must b e  changed. I n  such 
cases, remove the lead from the center terminal 
on the secondary coil and c onnect it to the 
extra terminal, which is the top terminal on 

the coil. This connection will raise the volt­
age output of the a-c type PS-1 relay so that 
the current may be adjusted to .001 ampere by 
means of the slide wire resistance in the type 
P8-23 relay. 
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CAUTION If the pilot wires are subject to �nduction from adjacent transmission lines, it 
IS recommended that the relay be set in the 
laboratory rather than while they are directly 
connected to the pilot wires. This precaution 
is to prevent injury to the personnel from 
high induced voltages. Neutralizing reactors 
are available for use to keep high voltage 
from the relay. 

ADJUSTMENTS AND MAINTENANCE 
The proper adjustments to insure correct 

operation of this relay have been made at the 
factory and should not be disturbed after re­
ceipt by the customer. If the adjustments have 
been changed, the relay taken apart for re­
pairs, or if it is desired to check the adjust­
ments at regular maintenance periods, the in­
st�uctions below should be followed . 

All contacts should be cleaned periodically. 
A contact burnisher SIF182A836H01 is recommended 
for this purpose. The use of abrasive material 
for cleaning contacts is not recommended, be­
cause of the danger of embedding small parti­
cles in the face of the soft silver and thus 
impairing the contact. 

TYPE PS-1 RELAY, POLARIZED ELEMENT 

With the relay de-energized, remove the per­
manent magnet and adjust the moving armature 
so that it floats between the poles or lightly 
touches the left-hand pole piece. This ad­
justment is made by loosening the core screw 
at the back of the element and shifting the 
entire core and contact assembly. Adjust the 
stationary contacts so that they make at the 
extreme limits of the armature travel. Then 
turn each contact screw four turns to obtain 
approximately 5/32" between the stationary con­
tacts. Re-assemble the permanent magnet with 
the north pole to the right (front view) and 
pass .001 ampere thru the operating coils. 

This should be done by connecting the relays 
per one of the figures or using an equivalent 
resistance in place of the pilot wires and in­
sulating transformer. With this current thru 
the operating coils, adjust the magnetic shunts 
across the two rear air gaps so that the moving 
contacts float midway between the stationary 
contacts. With this adjustment, the right­
hand contacts should operate at approximately 
• 0013 ampere, and the left-hand contacts should 
close at • 0007 ampere. For three terminal lines, 
the type PS-1 relay contacts should float at 
. 002 ampere, close to the right at . 0023 am­
pere, and close to the left at .0017 ampere. 

A good way to adjust the element is to start 
w ith both magnetic shunts at the extreme "in" 

r 
I 
I 

0'1<'� 
,.. .. 

�� 
Fig. 16. Outline and drilling plan for the external resistor 

used with the d-e type PS-1 relay in the type FT 
case for remote tripping. For reference only. 

position, then draw out the right-hand shunt 
until the right-hand contacts make at the de­
sired current. Then lower the current and draw 
out the left-hand shunt until the left-hand 
contacts make at the right value. This will 
upset the adjustment for the right-hand con­
tacts, which should then be rechecked. The 
process is easily carried back and forth until 
both values will check properly. The shunts 
are held securely in place by means of a spring 
type clamp. 

TYPE PS-23 POLARIZED ELEMENT 

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

Re-assemble the permanent magnet with the 
north pole to the left (front view). Connect 
the relay per one of the Figures and pass . 001 
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TYPESPS-1 ANDPS-23RELAYS ______________________________________________ __ 

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

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

= 

� r I=� �� 

�·�� 
l DIA.J)II:tLL 

fOR THICK f'ANELS 

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

RENEWAL PARTS 

Repair work can be done most satisfactorily 
at the factory. However, interchangeable parts 
can be furn ished to the customers who are 
equipped for doing repair work. When ordering 
parts, always give the complete nameplate data. 

ENERGY REQUIREMENTS 

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

approximately 0. 5 volt-ampere at tap voltage 
with . 001 ampere d-e flowing over the pilot 
wire. 

us£ �ruos \fOfl. THICK PANt.l'S 

t=JII-Itli.) 

39-C-942 

Fig. 17. Outline and drilling pion for the standard case, See the internal schematics for the terminals supplied. For 
reference only. 
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TYPES PS-1 AND PS-23 RELAYS l.L.41-973A 

.190 -31!. TERM. SCRE:W 

USE .190 ·32. STUD FOR CUT OUT FOR 

THICK PANEL MTG. SEMI· FLUSH 
PA.NC.\.. LOCATION i DIA.. HOLE O�ILL 

FOR PROJECTION Pt..R lNTE.�NJ\.t... 

TYPE MTG. SCHEMATIC FOR 

11 
PR-OJECTION MT"i. 

ON. lHlCK PAN'E.LS. 

i STUDS F"OR PROJ. / . ��-···· 6 Jl. -··----j 
TYPE MT(i. i DIA. 

PI'.NEL LOC"-TION FOR/ HOLE. (C. RE:Q). 

SE..M.\ F"LUS H TYPE. MTG. t!i, WIT� SCRE.�----�- ---------� Z� WITH STUD ·-fe-18 MT(ij. STUD ( 2 REQ.) 

* Dl .... HOLES FOR 
SEMI tLUSH TYPE 
MTG. (4 HOLES). 

16-B-24 70 

Fig. 18. Outline and drilling plan for the S 10 semi-flush or projection type FT case. See the internal schematics for 
the terminals supplied. For reference only. 
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I. L. 41-973A 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS ,.:�;] ��� � * � �--------------------------------------------------------------------· r--
TYPES PS-1 AND PS-23 PILOT WIRE 

SUPERVISORY RELAYS 

CAUTION Before putting protective relays 
into service, remove all blocking which may 
have been inserted for the purpose of securing 
parts during shipment, make sure that all mov­
ing parts operate freely, inspect the contacts 
to see that they are clean and close properly, 
and operate the relay to check the settings 
and electrical connections. 

APPLICATION 

The type PS-1 supervisory relay is used with 
the type PS-23 relay on HCB pilot wire systems 
to detect short circuits, open circuits, grounds 
and reversed pilot wires. 

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

To MovtNG 
CONTACTS 

Co1Ls ON 
PotARIZCD 
u<MENr---4--�-----j-

REAR Vt£w-

To STATIONARY 
CoNTACTS 

750A 

4-D-1685 

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

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

terminal. When used for this function, the 
type PS-23 relay does not act as a fault de­
te ctor to i nitiate an alarm at its stati on. 
The type PS-23 relay provides a co nt inuous 
visual indication and means of adjusting the 
supervisory current. 

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

CONSTRUCTION AND OPERATION 

The d-e operated type PS-1 relay consists of 
a polarized relay element adapted to operate 
on .001 ampere or . 002 ampere d-e pilot wire 
supervisory current. It is equipped with in­
ternal resistor tubes to obtain this current 
from a battery source. The 22 volt d-e relays 
utilize series resistors, whereas relays for 
operation from 48, 125, or 250 volt batteries 
utilize the resistors in a potentiometer ar­
rangement. See Figs. 1 to 4 for three terminal 
lines, where the output of the type PS-1 relay 
is . 002 ampere, the potentiometer models are 
equipped with different resistance values in 
the potentiometer than for two terminal lines, 

ToMovma 
CONTACTS 

To STATIONARY 
CONTACT$ 

-�--��COILS ON 
POLARI:t£D fJ .. CMENT 

5-D-1436 

Fig. 2. Internal schematic of the 22 volt d-e type PS- 1 
relay in the standard cose. 
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TYPESPS-1 ANDPS-23RELAYS----------------------------------------------

(lb). Normal Pilot Wire-Three Terminal Lines 

The action here is the same in principle as 
for two terminal lines, except that the type 
PS-1 relay must furnish . 002 ampere total, 
which allows . 001 ampere for each of the two 
type PS-23 relays involved. 

(2). Pilot Wire Short Circuited 

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

(3). Pilot Wire Open Circuited 

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

(4). Pilot Wire Grounded 

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

TO TYPE J 10 I 
HCB RELAY NFD. 

l � 

IIISUUTIIIQ TRAIISFORMER � f• f�' 
p OS.NEG. PS·1 

,_, 

pedance from the grounded mid-tap of the po­
tentiometer in the type PS-1 relay to the re­
m ote terminal o n  the pilot wire. The type 
PS-23 relay contains a relatively high resist­
ance, such that when either pilot wire becomes 
grounded at any point along its length, un­
equal currents flow to operate the type PS-1 
relay. This provides supervision for ground 
fault resistance values of 500 ohms or less. 
In the 22 volt d-e relays the mid-point of the 
battery is grounded. 

Station batteries are frequently grounded at 
the midpoint of a circuit consisting of t wo 
lamps connected in series across the battery 
terminals. An accidental ground on the station 
battery circuits will not affect the ability 
of the pilot wire short circuits or open cir­
cuits, although the relative sensitivity of 
the type PS-1 relay to grounds on one of the 
two wires of a pilot pair wil l  be changed. 
Ground faults on the pilot wire will not affect 
the grounding lamps on the station battery be­
cause of the high internal resistance of the 
type PS-1 relay, 

(5). Reversed Pilot Wires 

A reversal of the pilot wires will tend to 
pass current thru the type PS-23 relay in the 
reversed direction. The back resistance of 

PILOT 
WIRES 

l ��� I ·-··· 

POS, 
OR 

PS·23 

HCB J TO TYPE 
REUY 

r·2 A 6--C lr 'J. TO AURN ·tr· _j 1 
PS·� 
li'S·23 3 

...... TO TRIP 
CIRCUITS 
TO AURM 

-"" 

�) 

&--c., �jt---J 
:H A 

' .s 

i �� �>� _,,,_ L;t 

L...... ... -��\ 12 @@ II 
� ·� A @ -). 

REAR YIEW REAR VIEW 

... L .... AUXILIARY TRIPPING 

FOR �8 VOLT o-c IEUY • COIIIECTIOU 
SIIOWII TO TERMINALS 7 AIID 8 SHOULD BE 
MADE TO TEliNIIIALS 9 AIID 10 AS TERNIMALS 
7 AIID 8 ARE MOT FURNISMEII. 

RELAY COIITACTS 

DOITED CONNECTIONS FOR 
REMOTE Tit I PP IIIG, WilE II USED 

31-D-5270 

* Fig. 9. External connections of the 48, 125 or 250 volt d-e type PS·1 and the type PS-23 relay in the standard case for 
pilot wire supervisory and remote tripping. 
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TYPESPS-1 AHDPS-23RELAYS _________________________________________________________________________________________________ �I�.L�.4�1 -�9�73�A 

om;:;�::·{""�" 1 � !'
FD, 

PILOT 
,--

10
-

11
-

FD
-
.•. --'1---' r-1 TO TYPE 

1 " WIRES . _1_ � J HC8 RELAY 

I ·-�"--·-
,-----�===rr---�--�·--�� 

PO$, MEG, PS·! 

��+--+-.__+----+-+� �r--J , TO ALARM 

I S 

�� - -1 � -, 
f 1 _ 90 VOLT 

II -=- B 
-:;:- BATTERY , I o+ 

-i-11- J I� 
/! AUXILIARY TRIPPING 

RELAY CONTACTS 

12 

DOTTED CONNECTIONS FOR 
REMOTE TR IPI'IMG, WHEN USED, 

REAR VIEW 

... TO TRIP 
CIRCUITS 
TO ALARII 

31-D-5271 

*Fig. 10. External connections of the 22 volt d-e type PS· 1 and the type PS-23 relays in the standard case for pilot wire 
supervisory and remote tripping. 

I'OS. MEG. 

VALUES FOR RESISTOR R 

lmTs i Rl t�;=t-T_:J ! .12 JSOJL.j L 250 . ......li!OO 0_� 

-TO ALARM 

AUXILIARY TRIPPING 
RELAY CONTACTS 

12 1 

OOTTED CONNECT! OKS FOR 
REMOTE TRIPPING, WHEN USED 

· TO TYPE J HC8 RELAY 

31-D-5272 

'iff Fig. 1 J, External connections of the 48, 125 or 250 volt d·c type PS· 1 and the type PS·23 relays in the type FT case 
for pilot wire supervisory and remote tripping. 
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T Y PES P S -1AN D PS -23 R ELAYS ____________________________________________ __ 

POS. lEG. 

2 J A I +--lf-o+-1-- TO AURM 

� 
6 £ D & 

12 I 

_ _ TO TRIP 
CIRCUITS 

'--;;1-l'---*0++- TO ALARM 

"'-'1.;: ! I I  

�3 

OOnED COIINECTIOIIS FOR 
REMOTE TRIPPING, 
WilEN USED. 

31-D-5273 

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

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

(6). Remote Tripping 

Remote tripping is accomplished by applying 

a higher d-e voltage to the pilot wires at the 
sending end, where the type PS-1 relay is lo­
cated. 

For the d-e operated type PS-1 see Figs. 11 

and 1 2. The polarity of this voltage is the 
same as the normal voltage. For 125 and 250 
volt d-e sources, resistors are used to limit 
the pilot wire current. For the 22 volt models, 
an extra battery source of higher voltage must 
be used. 

Remote tripping for a-c operated type PS-1 

relays is accomplished as indicated in Figs. 13 
and 14.  When a 90 volt source is used, such 
as a "B" battery, the two resistors shown in 
the diagram should be 1100 ohms each to limit 
the pilot wire tripping current to . 005 ampere, 

which is sufficient to operate the PS-23 relay 

adjusted for .002 ampere pickup. On the other 
hand, a 45 volt battery source may be used and 

the resistors omitted, in which case the pilot 
wire current will increase to approximately 

6 

. 004 ampere for the remote tripping operation. 

(7). Difference in Ground Potential 

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

INSTALLATION 
The relays should be mounted on switchboard 

panels or their equivalent in a location free 
from dirt, moisture, excessive vibration and 
heat. Mount the relay vertically by means of 
the two mounting studs for the standard cases 

and the type ?T projection case or by means of 
the four mounting holes on the flange for the 

semi-flush twpe FT case. Either of the studs 
or the mounting screws may be utilized for 
grounding the relay. The electrical connections 
may be made direct to the terminals by means 
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TYPESPS-1ANDPS-23RELAYS _________________________________________ I_.L_4_1 -_97_3_A 

IMSULATII6 TRAII$FORMER 

TO TYPE r 
HCB RELAY l ___ 

.

. 

o--

90 ¥. 
D.C. 
BATTERY 

o----

- 1 -i�r -�.J 
I RESISTORS 

I 
- -1 - --c:=r- - J 

AUXILIARY TRIPPING 
RELAY COITACTS 

12 

DOTTED COHIECTIOHS FOR 
REMOTE TR IPPIMII, WilEN USED. 

_.,..TO TRIP 
CIRCUITS 

YH'-----0-1-+--TO ALARM 

REAR VIEW 

31-D-5274 

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

TO TYPE 
�CB RELAY 

--- 1 1- -

90 v. ' 
D.C. \ B�!ER�

--

---1 >- _\-

� 

10 
14FD. 

. ... \ 
I 

PILOT 
WIRES 

TO TYPE 
�CB RELAY 

TO TRIP 
._ CIRCUITS 

'-J+---->�-f--1-J
TO ALARI4 
CIRCUIT 

c-ct"----l<VH�• TO ALARI4 

AUXILIARY TRIPPING 
RELAY COHTACTS 

12 1 H II 
'*""" • ..:;@-\2� 

DOTTED COHHECTIOMS FOR 
REI40TE TR IPPIHG, WHEN USED, 

,_ .. 

REAR VIEW 

31-D-5275 

'*'Fig. 14. External connections of the a•c type PS-l and PS-23 relays in the type FT case for pilot wire supervision and 
remote trip of a two terminal line. 

... "" __ 
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TYP ESPS- 1 AN D PS-23 R E LAYS ______________________________________________ __ 

FIG. 3 

.... --.F 

1!f OIMENSIONS 

M'T"C:,, 1'\0I.eS 
1='0'! .1 !10 OIA 

S(JZEW 

MT4.Hi>LES 
F'OIZ .!�0 l>IA. 

IO(eW 

u. A B C O e  F G  H 
3 

94-D-596 

Fig. 15. Outline and Drilling pion for the auxiliary 4 ond 
10 mfd. capacitors. For reference only. 

8 

of screws for steel panel mounting or to ter­
minal studs furnished with the relay for ebony­
a sbestos or slate panel mounting. The termi­
nal studs may be easily removed or inserted by 
locking two nuts on the studs and then turning 
the proper nut with a wrench. 

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

CAUTION These relays are connected directly 
in the pilot wire circuit and must be protected 
against high potential resulting from induction 
or differences in ground potential between the 
pilot wire terminals. 

SETTINGS 
The relays are calibrated in the factory to 

be energized c ontinuously with one milliampere 
d-e. After the relays are checked and i n­
stalled, the only setting required on the d-e 
operated types PS-1, PS-23 combination is to 
adjust the slide wire resistance in the type 
PS-23 so that the milliammeter in the relay 
indicates that one milliammeter d-e is circu­
lating over the pilot wires. 

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

Due to a relatively wide variation in Rectox 
forward resistance characteristics, it is nec­
essary to provide an extra terminal on the 
transformer secondary coil in the a-c type PS- 1  
relay for purposes of adjustment. In the event 
that .00 1  ampere d-e supervisory current can­
not be obtained by the combined adjustments of 
the slide wire resistance in the type PS-23 
relay and the use of the primary voltage taps 
in the a-c type PS-1 relay, then the connection 
to the transformer secondary coil in the a-c 
type PS- 1 relay must be cha nged. In such 
cases, remove the lead from the center terminal 
on the secondary coil and connect it to the 
extra terminal, which is the top terminal on 
the coil. This connection will raise the volt­
age output of t he a-c type PS-1 relay so that 
the current may be adjusted to .00 1  ampere by 
means of the slide wire resistance in the type 
PB-23 relay. 
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TYPESPS-1ANDPS-23RELAYS---------------------------------------��� l.l. 41-973A 

CAUTION If the pilot wires are subject to 
induction from adjacent transmission lines it 
is recommended that the relay be set in

,
the 

laboratory rather than while they are directly 
connected to the pilot wires. This precaution 
is to prevent injury to the personnel from 
high induced voltages. Neutralizing reactors 
are a vailable for use to keep hi gh voltage 
from the relay. 

ADJUSTMENTS AND MAINTENANCE 
The proper adjustments to insure correct 

operation of this relay have been made at the 
factory and should not be d isturbed after re­
ceipt by the customer. If the adjustments have 
been changed, the relay taken apart for re­
pairs, or if it is desired to check the adjust­
ments at regular maintenance periods, the in­
stx:uctions below should be followed. 

All contacts should be cleaned periodically. 
A contact burnisher &/182A836H01 is recommended 
for this purpose. The use of abrasive material 
for cleaning contacts is not recommended, be­
cause of the danger of embedding small parti­
cles in the face of the soft silver and thus 
impairing the contact. 

TYPE PS-1 RELAY, POLARIZED ELEMENT 

With the relay de-energized, remove the per­
manent magnet and adjust the moving armature 
so that it floats between the poles or lightly 
touc hes the left-hand pole piece. This ad­
justment is made by loosening the core screw 
at the back of the element and shifting the 
entire core and contact assembly. Adjust the 
stationary contacts so that they make at the 
extreme limits of the armature travel. Then 
turn each contact screw four turns to obtain 
approximately 5/32" between the stationary con­
tacts. Re-assemble the permanent magnet with 
the north pole to the right (front view) and 
pass .001 ampere thru the operating coils. 

This should be done by connecting the relays 
per one of the figures or using an equivalent 
resistance in place of the pilot wires and in­
sulating transformer. With this current thru 
the operating coils, adjust the magnetic shunts 
across the two rear air gaps so that the moving 
contacts float midway between the stationary 
c ontacts. With this adjustment, the right­
hand contacts should operate at approximately 
. 0013 ampere, and the left-hand contacts should 
close at . 0007 ampere. For three terminal lines, 
the type PS-1 relay contacts should float at 
.002 ampere, close to the right at .0023 am­
pere, and close to the left at .0017 ampere. 

A good way to adjust the element is to start 
with both magnetic shunts at the extreme "in" 

5-LO'T HOLE 

Fig. J6. Outline and drilling plan for the extemal resistor 
used with the d-e type PS· J relay in the type FT 
case for remote tripping. For reference only. 

position, then draw out the right-hand shunt 
until the right-hand contacts make at the de­
sired current. Then lower the current and draw 
out the left-hand shunt until the left-hand 
c ontacts make at the right value. This will 
upset the a djustment for the right-hand con­
tacts, which should then be rechecked. The 
process is easily carried back and forth until 
both values will check properly. The shunts 
are held securely in place by means of a spring 
type clamp. 

TYPE PS-23 POLARIZED ELEMENT 

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

Re-assemble the permanent magnet with the 
north pole to the left (front view). Connect 
the relay per one of the Figures and pass .001 
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TYPESPS-1 AHOPS-23RELAYS ________________________________ ______________ _ 
ampere through the relay. With this current 
thru the operating coils, adjust the magnetic 
shunts across the two rear air gaps so that 
the moving contacts float midway between the 

stationary contacts. With this adjustment, 
the right-hand contacts (F:V.) should operate 

at approximately .002 ampere, and the left­

hand contacts (F.V.) should close at .0006 am­

pere. 

Starting with both magnetic shunts out ap­
proximately seven turns, adjust left hand shunt 

until the left-hand contacts make at the de ­

s ired value. The right-hand calibration is 

achieved after the left-hand calibration has 
been completed by the use of the adjustment 
screw, located below the right-hand stationary 
contact, striking the moving contact assembly 
spring. This allows for the necessary adjust­

ment to obtain the correct values for the cal-

ibration of the right hand contact. The cur­

rent required to make the right-hand contacts 

will have to be increased a s  the adjustment 
screw is screwed farther against the contact 
assembly spring. 

RENEWAL PARTS 

Repair work can be done most satisfactorily 
at the factory. However, interchangeable parts 
can be furn ished to the cus tomers who are 

equipped for doing repair work. When ordering 
parts, always give the complete nameplate data. 

ENERGY REQUIREMENTS 

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

approximately 0. 5 volt-ampere at tap voltage 
with .001 ampere d-e flowin g over the pilot 
wire. 

�-- --7 

f DIA.JUULL 
FOR THICK 
PANELS 

� OIA- ORU ... L 
(«·HOLES) 

I 

39-C-942 

Fig. 1 7. Outline and drilling plan for the standard case. See the internal schematics for the terminals supplied. For 
reference only. 
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TYPES PS-1 AND PS-23 RELAYS I.L41-973A 

.190-32. TERM. SCRt:W 
USE .190 -3Z. 5TUO F"OR COT OUT F"OR 
THICK P"NEL MT<;. SE:MI-F"LUSH 

PA.Nt:.L LOCA.T\ON. J DtA. HOLE DRI LL 
FOR. PROJECTION PER tNT[.RN,P..L 

TYPE. MTG. SCHEMATIC F"OR 
PRO,JE.CTION MT<;. 

ON THICK PANELS. 

�---��-·----::;<;:--�­
,.-----------·..--.,0 

10;\ 

I ! � -+--t-�� 
.• r--·• I I 

)� lO 
lf-----6� 

I STUDS F"OR PRO.J. �-�---- ojl. 

I TYP!: NIT&. i DIA 

P"'NEL LOCA-TION FOR/ I HOLE (c. RE.Q.) 
SEMI FLUSH TYPE. MTG. Z� WIT;.! 5CREW�------� 2! WITH STUD --f&·l8 MT<i;. STUD (zREq.) 

MT<:l. 

FOR 

16-B-2470 

Fig. 18. Outline and drilling plan for the SlO semi-flush or pro;ection type FT case. See the internal schematics for 
the terminals supplied. For reference only. 
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Westinghouse I . L. 41 -973.5 

I N ST A L L A TI O N  • OPE R A T I O N  • M A IN TE N A N CE 

I N S T R U C T I O N S  
TY P E  PM L I N E  O F  R E LAYS F O R  P I LOTwWI R E  

M O N I TO RI N G  A N D  TRA N S F E R R E D  TRI P P I N G  

CAU TION Before putting protecti ve relays i nto ser­
vic e ,  remove all blocking which m ay have been in­
serted for the purpose of securing p arts during ship­
m ent, make sure that all movi ng p art s op erate freely, 
inspect the contacts to s e e  that they are clean and 
clo se prop erly , and operat e  the relay to check the 
s ettings and electrical connections. 

A P P L I C A T I O N  
Typ e  PM Moni toring Relays provide continuous 

monitoring of a pilot-wire circuit to detect open cir­
cuits ,  short ci rcuits ,  ground s ,  and wire reversal .  In 
addition,  transferred tripping can be effected where 
the PM- 3 ,  PM- 1 3 ,  PMG- 1 3  or PM- 23 relay s  are used.  
Table I illustrates the functions avail abl e with each 
relay . A 10 mfd. cap acitor is supplied wi th each PM 
relay .  This capacitor provides an a-c path between 
the two halves  of the i n sulating transformer s econd­
ary winding s as s hown i n  Figs. 2 1  through 27 .  

Each circuit requi res the  followi ng: 

At Ol1_��ll_d__t�J!ltrod u C�!lJ o ni tor in \S_£U rren t 
One o f  the follo wing:  

For a-c 

PMA 
P MA- 1 
PM- 1 3  or PMG- 1 3  ( a . c . )  

F o r  d- e 

P M D  
PMD- 1 
PM- 1 3  or PMG- 1 3  ( d . c . )  

A t  t h e  other end to receive monitoring current ( two-
·-·-�·- �·-··--·�··-·-·-··--

�erf!li n�linE2 

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

A t  the other ends to receive 
terminal line 

Two PM-23 or  two PM- 4  or two P M- 2  or  any com­
bin atio n of two of these relay s .  

C O N S T R U C T I O N  
PM relays consist of the followi ng: 

P M A  PMA- 1 

1 --Polar Al arm Uni t  ( 1 ) 1-Pol ar Alarm Unit 

N EW IN FORMATION 

1-Polar Ground Unit (5)  
!-Tapped Transformer 
1-Full-Wave Rectifier 
3-4 mfd. Capacitors 
1-Set of Voltag e  

Dividing Re si stors 

PMD 

1-Polar Alarm Unit  ( 1 )  
1-Polar Ground Unit (5)  
2-4 mfd. C ap acitors 
1-Set of Potenti al 

Divider Resi stors 

!-Polar Al arm Unit 0) 
1-Polar Ground Unit (5 )  
1-Polar Trip U nit ( 3) 
!-Indic ating Contacto r 

Switch 

1-Set of Potential 
Divider Resistors 

1 -Tapp ed Tran sform er 
(A.C.  Relay o nly)  

1-Full-Wave Rectifier 
( A . C .  Relay only) 

!-Block i ng Rectifier 
2-Remote Trip Resi stors 
3-4 mfd.  Capacitors 

( A-C Relay) 
2-4 mfd. C ap acitors 

( D-C R el ay ) 

PM- 2 3  

1 -P olar Alarm Unit ( 2 )  
1-Polar Trip Unit ( 3 )  

!-Indic ating Contactor 
Switch ( ICS) 

1-Milliammeter, 5.0 rna. 
1 -Set of Adjustable and 

Fixed Resistors 
2-Blocking Rectifiers 

1-Tapped Tran sformer 
1-Full-Wave Rectifier 
1-4 mfd. Cap acitor 
1-Set of Voltage 

Dividing Resi stors 

f'MD- 1 

1-Polar Al arm Unit 
1-Set o f  P o tenti al 

Divider Resi stors 

EM- 1 3  

1-Polar Al arm Unit ( 1 ) 
1-Polar Trip Unit ( 3 ) 
1- Indicating Contactors 

Switch 

1 -Set of Potential 

Divider Resi stors 
!-Tapped Transformer 

(A.C. Relay only)  
1-Full-Wave Re ctifier  

(A.C.  Rel ay o nly) 
1 -Blocking Recti fi er 
2- Remote Trip Resistor 
1-4 m fd.  Capacitor 

PM- 2  

1-Polar Alarm U nit ( 2 )  
!-Milliamm eter, 5.0 rna. 
1-set of Adj ustabl e 

Resistors 
!-Block ing R e ctifier  
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TY P E  PM MON ITORING R E LAYS 

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 Adj ustable & 
Fi xed Resistors 

TABL E I 

FUNCTION PMA & PMD PMA- 1 & PMD- 1 PM- 1 3  PMG- 1 3  

Monitoring 

Current X X X X 
source 

Receives 

Monitoring 

Current 

Trouble 

Alarm X X X X 

Transmits 
X t X t Trip X X 

Signal 

Receives 

Trip X X 
Signal 

Sensitive 

Ground X X 
Detection 

Measures / Monitoring 

CUrrent 

t With External Resistors 

---- MOVINQ CONTACT 

BALANCED A I R  UAPS 

PM- 5  

1-Polar Ground Unit ( 5) 

2-4 mfd. Capacitors 

1-Fi xed Resistor 

PM-23 I PM-2 PM-3 

X X 

X X 

X t X t X t 

X X 

X X 

SHUHT 

UNBALANCED AIR  GAPS 

Fig. 1. Polar Unit Permanent Magnet Flux Paths. 

2 

PM-4 PM-5 

I 

X 

X 

X t 

I 

X 

l 

l83A062 
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TY P E  PM MOIII I TO R I III G R E LAYS 

P o l a r  U n i t  

The polar unit consists o f  a rectangular shaped 

m agnetic frame , an el ectrom agnet, a p ermanent m ag­
net,  and an armatur e. The poles of the crescent  
shaped p ermanent magnet bridg e the m ag n et fram e. 

The mag netic frame consi sts of three pieces joined 
i n  the rear  with two brass rod s  and sil ver solder.  

Thes e n on-magnetic j oints represent air gap s ,  which 

are bridged by two adj ustable magnetic shunts.  The 
windi n g  or winding s ar e wound around a mag n eti c 
core. The armature is fast en ed to thi s core and is  

free to  m o v e  in the front air gap.  The moving contact 
is connected t o  the free end of a l eaf spri n g ,  whi ch,  
in turn , i s  fastened to the armature.  

I nd i c ati ng Contacto r  Swi tch 

The d-e i ndicati n g  co ntactor switch is a smal l  

clapper type d evice.  A magnetic armature,  to whi ch 

l e af- spri ng mounted contacts are attach ed,  is attracted 
to the m agneti c  core upon ene rgization o f  the switch. 
When the swi tch closes, the moving contac t s  bridge 

two stati o n ary contacts, completing the trip circui t .  

A l s o  during this operatio n  two fingers o n  the arma­

ture defl ect a spring l o c ated on the front of the switch, 

which all ows the operati o n  indicator target to drop. 

The target i s  reset from the outside of the cas e by a 

push rod located at the bottom of the cover.  

The front spri ng ,  i n  ad dition to holdi n g  the tar­

get, provides restrai nt for the ar mature and thus c o n­

tro l s  the pickup v al u e  of the switch.  

O P E R A T I O N 

M· : iL t is i ntroduced into the pilot 
wire as wn ' ! I : ;; :  · ternal schematics,  fi gures 2 1  

to 27 , by 
schemati c s : · ' '-'. "' 

c urrent so urce. External 
r combi nations are availabl e  

o n  requ e st .  ;' O . : J inal 20 volts i s  impressed across 

the 1 0  mfd . v cv acitor at the l eft- hand line terminal 
i n  Figu r e s  2 1  to 27 , This v o ltage produces a current 

cir culating through one winding of the HCB i nsul ating 

transformer,  o n e  pilot wire,  the P M- 2 3 ,  PM- 2, o r  P M- 4 ,  

a n d  b a c k  throu gh t h e  o t h e r  pilot  w i r e  a n d  the other 

winding of HCB insulating transformer. 

A dj ustment of the resistors of the PM- 2 3 ,  PM- 2 
or PM-4 relay at the othe r end of the pilot wire pro­

v i d e s  a nor m al o ne-milliampere d-e circulating cur­

rent.  In the c a s e  of three-terminal l i n e s ,  the monitoring 

source r el ay output current is 2 rna. in order t o  pro-

I . L .  41 -973 . 5  

v i d e  each receiving end rel ay wi th 1 rna. T h e  alarm 
unit of the m onitoring current sourc e rel ay is adj u sted 
to float between the high and low current contact s 
with normal m onitoring current . The PM- 2 3 ,  receivi ng­
end al arm rel ay, is adj usted to float between the 

low- current alarm c ontact and a contact stop wi th 1 
rna. flowi n g. 

Short C i rcu i ts 

A complete or partial short circuit o n  the pilot 

wires i n creases the c urrent in the current- source re­

lay, causing the high- current alarm contacts to cl o s e .  
The r e s ulting current decrease i n  t h e  PM- 2 3  rel ay 

cl o s e s  the alarm contact. Short circuit s of 5000 ohm s 
or l e s s  will be detected. 

Open Ci rc u i ts 

Current decr e ases to z ero i n  all r e l ays.  Low­

current  alarm cont ac t  of the current source relay 

clo ses.  Alarm contact of  PM- 23 relay closes.  

Reversed W i res 

On applicati o n s  using the PM- 23 relay, current 
i ncreases in the s en d i ng end relay to close the hi gh­

c urrent al arm c o ntact s .  Current d rops to zero in the 

PM- 2 3  relay monitoring coil to c lo s e  the low- cu rrent 
alarm c ontacts .  

If  the pilot wire  should be opened and recl osed 

with reversed connecti o n s  when the PM- 23 rel ay i s  

i n  service, t h e  alarm co ntact ( 2 )  i n  t h e  PM- 23 drop s 

out.  The al arm c o ntact dropping out shunts the trip 

unit coil ( 3) ,  and prevents the trip unit contact ( 3 )  

fro m operating moment arily. The trip u n i t  co n t act i s  

prevented from operati n g  becau s e  the capacitor at the 
sending end d i scharges through t h e  pilot wire and 

the trip unit ( 3) circuit . This will hav e n o  effect on 
remote  trip operation .  

T h e  c ur rent decreases in both sending a n d  r e­

cei ving end relays when the PM- 2, or PM- 4 relays 
ar e u sed.  Low current alarm contacts clo s e .  

The voltage- divider circuit o f  t h e  P M A ,  PMD, 

and PMG- 1 3  source relay s  has its midpoint ground ed 

through a current-limiti n g  resistor. Thu s,  a pilot-wire 

ground will  cau s e  an i ncre ase in c urrent i n  one coil 

circuit,  and a decrease i n  the other o n e .  This un­

balanc e  in the current flowi n g  through the two wi nd­

i n g s  (5) of the ground alarm relay unit will c au s e  it 

to cl o s e  one of its cont acts ( d epe nding on which pilot 

wire is  g rounded) to give an alarm . Gro u n d s  of 1 0 , 000 
ohms or less will be detected.  
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TY P E  PM MON I TO R I N G  R E LAYS 

For adding the sen sitiv e ground d et ection wh ere 
P M A- 1 .  P MD- 1 ,  o r  P M- 1 3  r el ays h av e  been in stall e d ,  
t h e  P M - 5  rel ay c an be added t o  th e circuitry. a s  
shown in figur e 2 4 .  T h i s  relay also h as a 1 0 , 000-ohm 
ground sensitivity .  

Tran s ferred Tri ppi ng 

Break ers located at the P M G- 1 3  or PM- 1 3  and 
PM-3 or PM- 23 stations c an b e  tripped by the appli­
c ation of a d- e voltage to the pilot wir es at remote 
locations. as shown in figur e s  21 to 27 . Tran s ferred 
tripping can be effected from any lo cation by apply­
ing 48 volts d-e (through dropping resi stors when r e­
quired ) to the p ilot wire with polarity opp o site to 
that of the m o ni toring voltage.  When tripping the P M  
- 23 ,  t h e  current i s  i n c reased ab ove 2 . 0  rna, in reverse 
direction, to clo se the trip contact .  When tripp ing 
the PMG- 1 3  or PM- 1 3 , the r eversed d .  c .  vol tage oper­
at e s  t h e  trip unit ( 3 ). 

See T ables II  and III for tripping r e si stor valu e s .  
Nomin al trippi n g  currents is 5 m a. a t  all r ated vol t ages. 

Po l a r  U n i t  

Polar unit flux paths are shown i n  fi gure 1 .  With 
b alanc ed air g ap s ,  pe rmanent magnet flu x  fl ows in 
two path s,  one through the front ,  and one through the 
rear gap s .  This flu x  produces north and south pol es,  
as shown . By turning the l eft shunt in .  some of the 
fl ux is forced through th e armature,  making it a north 
pol e .  Thus, r educing the l eft hand r ear gap will p ro­
d u c e  a forc e  tending to pull the arm ature to the right. 
Similarly ,  reducing the right hand gap will mak e th e 
armature a south pole and produce a force tending to 
pull the armatur e to the left .  

T h e  alarm u n i t  contacts of the s ending and re­
ceivi ng end r e l ays are biased to move to t h e  left 
when the relay i s  d eenergized. The PMG- 1 3  or PM- 1 3  
and PM- 23 trip u nit contact i s  biased to mo ve to the 
left when the rel ay i s  d eenergi ze d .  The PM- 5 is 
adj u sted so that the moving contact floats when t h e  
r el ay i s  d e en e rgized. 

C H A R A C T E R ! S T I  C S  

Nominal  C a l i bration Val ues 

Nominal current val u e s  to c l o s e  contacts are 
listed in Tabl e s  IV and V .  

Vo l tage Rati n g s  

Supply voltage rati ngs of t h e  monitorin g  source 

4 

relays to obtain continuou s monitoring current are 
as fol lows: 

DC - 48 , 1 25 ,  and 250 volts 
AC 1 20 volts, 60 cycles ( P rimary taps 1 0 0 ,  

1 1 0 ,  1 20 & 1 30) 
Voltage impr e s s ed on the pilot wire i s  a nominal 

20 volts for monitori ng, and 4 8  volts for tripp ing .  

Supply voltage rati ngs to obtain remote tripping 
are:  48, 1 2 5,  and 250 volts d-e .  

Coi I Resi stance (each w i n d i ng) 

Alarm c o il ( 1 ) 
t wo t erminal l i n e  1 0 50- 1 250 o h m s  
t h r e e  t erminal line 700- 900 o h m s  

A l a r m  coil ( 2) 2 200- 2 600 ohms 

Trip coil ( 3)  1 8 00- 2200 ohms 

Ground Alarm coil  (5)  5 200- 5800 ohms 

PM-4 and PM-23 Resi stan c e  

Nominal PM- 4 and PM- 23 total resi stan c e  when 
adj ust ed for service is 2 0 , 000 ohms less pilot wire 
loop resistanc e at 1 rna. 

PMA, PMA- 1 and AC PMG- 1 3, PM- 1 3  Bu rden 

0 . 5  VA at tap voltage 
1. 0 V A  at tap voltage 

Recti fi ers 

2-terminal l i n e  rel ay 
3- termi n al line relay 

Appro ximate forward resistance 560 ohms at 1 rn a  
300 ohms a t  2 rna 

Rating 

Continuous forward 
current - amperes - 1 

Continuous b ack 

voltag e - rms volts - 200 

��mote !ri ppi n g  

Remote trip r esi sto rs ar e listed i n  Table I I  an d 
III for 48 , 1 25 ,  and 250 volts d-e .  

The r el ay s  have sufficient thermal capacity to 
withstand 20 MA d- e continuou sly when remot e trip­
ping. Nominal trip currents in the tripp i n g  rel ay s  ar e 
5 . 0  M A  d- e with 48 , 1 2 5 ,  and 250 volts d-e supply 
and a 2000-ohm pilot wi r e .  
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TYPE PM MON ITORING R E LAYS 

1t L I N E  D.C .  

TABL E I I  

PMA, PMA- 1, PMD, AND P MD- 1 APPLICATIONS 
E X T E RNAL R ESISTORS FOR D. C. R EMOT E  TR I P P I NG 

(2 REQUIRED PER STATION) 

STATION A STA T IO N  A STAT I ON B STAT ION C 

PM-2 & PM-3 or PM-2 & PM-3 or 

T E RMINALS VO LTAG E  PMA or PMA- 1 PMD or PMD- 1 PM-23 or PM-4 PM-23 or PM-4 

2 48 

1 25 

250 

3 48 

1 25 

250 

tt L I N E  D . .C. 

T ERMINALS VOLTAGE 

2 48 

125 

250 

3 48 

125 

250 

t Mounted in Relay 

tt L I N E  D.C.  

T E RM I N AL S  VOLTAGE 

2 48 

125 

250 

3 48 

1 25 

250 

t Mounted in Relay 

200 200 

3550 3550 

9300 9 300 

200 roo 

2000 2000 

5600 5600 

T A B L E  l i l A 

PMG -1 3  AN D PM- 1 3  (D.C. SUPP LY) APP LICATION S 
R E S I STORS FOR D .C. R EMOT E T R I P P I NG 

(2 REQUIRED PER STATION) 

STAT ION A ST AT ION B STAT ION C 

PM-2 & PM-3 or PM-2 & PM-3 or 

PMG- .1 3  or PM- 1 3  PM-23 or PM-4 PM-23 or PM-4 

200 t 200 

21ro t 2 120 

5600 t 5600 

200 t 200 roo 

1500 t 1500 1500 

4000 t 4000 4000 

TABL E I I I B  

PMG- 1 3  AN D PM-13 (A.C. SUPP LY) APP LICATIONS 
(2 REQUIRED PER STATION)  

R ESISTORS F O R  D.C. R EMOT E  T R I PP ING 

STA T I ON A STAT I ON B STATI ON C 

PM-2 & PM-3 or PM- 2 & PM-3 or 

PMG- 1 3  or PM- 1 3  PM-23 or PM-4 PM-23 or PM-4 

200 t 200 

2 120 t 2 1 ro  

5600 t 5600 

200 t roo roo 

1500 t 1 500 1500 

4000 t 4000 4000 

I .L .  41 -973.5 

TO O P E RA T E  

PM· 2 3  o r  PM- 3 
" 

, 

" 

. .  

" 

TO OP E RATE 

PMG- 13 or PM- 13 

and PM-23 or PM-3 
" 

" 

. .  

" 

TO O P ERAT E 

PMG- 13 or PM- 13 

and PM- 23 or PM-3 
" 

, 

" 

, 

" 
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TY P E  PM MONITORING R E LAYS 

TA BL E I V  

NOMINAL CAL I BRATION VAL UES - TWO T E RMINAL L I N ES 

R E LAY 

PMA ol" PMA- 1 

PMD or PMD- 1 

PM-5 t 

PMG- 13 or PM- 1 3  

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

LOW CUR R E N T  AL ARM 
1 

0.7 rna 

0. 7 

0 . 7  t t  

0 . 7  

t Same relay as for three-terminal lines 

t t  These are pilot-wire current values 

H I GH CU R R E NT A LA RM 
2 

1 . 3  rna 

1 . 3 

± 0 . 3  

1. 3 t t  

1 - Left-hand contacts,  front view. 

2 Right-hand contacts, front view. 

T R I P  

1 4  V. 
14 v. 

TAB L E  V 

NOMINAL CAL I BRATION VAL U ES - TH R E E  T E RMINAL L I N ES 

R ELAY 

PMA or PMA- 1 •  

PMD or PMD- 1 

PM-5 t 

PMG- 1 3  or PM- 13 

P M- 23 or PM-2 & PM- 3 t 

LOW CURR ENT ALARM 

1. 7 rna 

1.7 

1. 7 t t  

0. 7 

t Same relay as for two-terminal lines 

tt These are pilot- wire current values 

Trip Ci rcu i t  

The main co ntacts w i l l  s afely clo se 3 0  amp eres 
at  250 volts d-e and the s eal-in contacts o f  the indi· 

e ating contactor switch will s afely c arry thi s  current 

long enough to trip a circuit breaker. 

The indicating contactor switch h as two t ap s  

that provide a pickup setting o f  0 .  2 o r  2 amperes .  T o  

change t ap s  requi r e s  connecting the l ead l ocat ed in 

front of  the tap block to the de sired setting by means 

o f  a screw connection. 

Tri p Ci rcu i t  Con stant 
...... �·······-

Indicating Cont actor Switch ( ICS) 

0 .  2 amp ere tap 6 . 5  ohms d-e re sistance 

2.0 amp ere tap 0 . 1 5  ohms d- e r e si stance 

S E T T I N G  T H E  R E L A Y  

Operating units of all rel ay s  are adj u sted in the 

factory to the val u e s  listed in Tables  IV and V to a 

tol eranc e o f  ±5%. N o  s ettings are requi red o n  the se 

units. 

6 

H I GH CUR R ENT ALARM 

2. 3 rna 

2. 3 

± 0. 3 

2. 3 t t  

T R I P  

14 V. 
14 v. 

For all 48/ 1 25-volt d . c. relay s ,  connect  j umpers 

acr o s s  r e sistors as shown on the internal schematic s .  

PM-4, PM-2, a n d  PM-23 Rei 

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

rel ay or relay s  to a value of  1 MA d- e with the moni· 

tari ng circuit s connected for service .  U s e  the mil­

liammeter in  the P M- 23 for this purp o s e  or u s e  a 

portable m i ll i ammeter with a resis tance of l e s s  than 
200 ohms. Where i t  is not prac tical on three-terminal 

lines to adj u s t  both receiving relay s  sim ultaneously, 

set one rec eiving rel ay for 18 , 000 ohms total resis­

tanc e (incl uding relay coil and re sistors) by measure­

ment p rior  to fi n al  adj ustment of the other  receiving 

relay. Thi s pro cedure wi ll minimi z e  the change in 
monitoring curr ent in the first  relay to be adj usted 

when mak ing the final adj u stment of the second relay. 

PMA, PM/, . 1 ,  PMG- 1 3  and PM- 1 3  Rela y s  

Select the  tran sformer tap nearest t o  expected 

normal a- c supply val tag e .  The full wave r ectifier is  
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TY PE PM MON ITORING R E LAY S 

connect ed to a s econdary transformer tap . Where de­
sired , the output voltage c an b e  rai sed about 5% by 

reconnecting acros s  the full s econdary winding. 

I nd i cating Conta ctor Swi tch 

No s etting is required on the res unit except the 

sel ection of the 0.2 or 2 .0 amp ere tap setting. Thi s 

sel ecti o n  is made by connecting the l e ad located i n  

front o f  the tap block to  t h e  d e sired s etting by m eans 

of the connecting screw. When the rei ay en ergi zes  a 

type WL relay switch,  or equival ent, u s e  the 0 . 2  

ampere tap. 

I N S T A L L A T I O N 

The rel ays should be mounted on s witchboar d  

panels o r  their equi val ent in  a lo cati on free from dirt, 

m oi stur e ,  excessive vibration,  and h e at .  Mount the 

relay ve rtically by means of  the four mounting holes 

on the fl ange for s emi-flush mounting or by means of 

the rear mounting stud o r  studs for proj e ction mount­

ing.  Either a mo unting stud or the mounting screws 

may be utilized for grounding the relay .  The electri cal 

connecti o n s  may be made directly to the terminal s  by 

means o f  screws for steel panel mounting or to the  

termi nal studs furnished with the  relay for  thick panel  

m ounting.  The terminal studs may be easily remo ved 

or ins erted by locking two nuts on the stud and then 

turning the prop er  nut with a wrench. 

For detailed FT case info rmation ,  refer to I . L .  

4 1-076 .  

Where the potential to  ground impressed o n  the 

rel ays c an exceed 700 volts,  a drainage reactor i n  

conj unction with a K X-642 tub e ,  o r  t h e  r eactor i n  

conjunction with 700 volt  carbon-block arr ester s .  i s  

recommend ed. For details ,  s e e  P rotection o f  Pilot­

Wire Circuit s .  AlEE Committee Report, p aper 58- 1 1 9 0 ,  
1.\IEE Tran s actio n s ,  19 59 ,  Volume 7 8 ,  Part I I I  B p p .  

205- 2 1 2 . Also,  see AlEE Special Publication S- 1 1 7 ,  
Appl ications and P rotection o f  P ilot- Wire Circuits 

for P rotective Rel ayin g,  July 1960.  

A D J U S T M E N T S  A N D M A I N T E N A N C E  

The proper adj u stments to insure correct opera­

tion of thi :. r el ay have been mad e at the factory and 

should not be di sturbed aft er receipt by the custom er.  

If the adj u s tm ents have been changed , the relay 

take n  apart for rep airs ,  or i f  it i s  desired to ch eck the  

adjustme nts at regular maintenance periods,  the  in­

structio n s  i n  the succeedi ng s ections s hould be 

follo wed. 

l .L .  4 1 -973.5 

Acceptance Tests 

The following tests are recommended when the 

relay i s  received from the facto ry. I f  the  relay does  

n ot p erform a s  sp ecified bel o w ,  the  relay either i s  

not properly c al ibrated o r  it c ontai n s  a d e fect. 

Indicati ng Contactor Switch ( ICS) 

Close the contact of the tripping unit and pass 

sufficient direct  current through the trip c ircuit to 

cl ose  the co ntacts of the res unit. This val u e  of 

current should n ot be greate r than the particular ICS 

tap s etting bei ng u s ed ( 0. 2 or 2 .0) .  The i ndi c ator 

target should drop fre ely. 

PMA and PMA- 1 Relay s  

Alarm U nit 

Set th e primary tap on 1 20 volts. Connect a v ari­

abl e resistor of appro ximately 2 0 , 000 ohm s i n  series 

with a lo w-range d- e mi lliammeter across termi nals 

6 and 7 with the i nstrument po sitive connected to 

terminal 7 .  Apply 1 20 vo lts at rat ed frequency to 

termi nal s 4 and 5. Adj ust the 2 0 , 000-ohm resi stor to 

obtain a current of o n e  rna.  d .  c .  For a three-terminal 

l ine rel ay ,  u se a 1 0 , 000- ohm resistor and set the 

current to 2 rna. d . c . At this value ,  th e mo ving con­

tact of  the alarm or monitoring relay u ni t  ( 1 ) should 

float betw e en the two sets of stationary contact s .  In 

the P M A  relay ,  th e ground alarm unit ( 5) contact 

should also flo at .  (This contact will al so flo at when 

the relay is de-en ergized.)  Increase and decrease 

the one o r  two- milliampere monitoring current to check 

the cal ibration val u e s  l i st ed in Tabl es IV and V .  

Ground U nit  ( 5) 

Reconnect the 20, 000- ohm resi stor. For the PMA 

rel ay o nly, short terminal s 7 and 3 .  The contact o f  
the ground alarm unit ( 5 )  shoul d cl ose  to the right 

when the relay is energized. Remo ve the s hort,  and 

connect it between terminal s  6 and 3. Th e ground 

alarm unit (5) should clo s e  to the left . Th e action of 

the monitoring unit ( 1 )  contact i s  of no significance 
i n  thi s simulat e d  p il ot- wire ground test.  To ch eck th e 

pickup curr ent o f  the ground detecto r, first remov e 

the 20 ,000-ohm re sistor from t ermi nal s 6 and 7 .  Con­

n ect a 0- 1 d. c. m illiammeter in series with a variabl e 

resistor o f  about 50,000 ohms between termi nal s  3 

and 6 .  Th e gro und unit s ho u ld close i t s  l eft-h and 

cont act at approximat ely 0. 3 rna. d. c. With the mil­
liam m eter  and resistor connected between terminal s 

3 and 7 ,  the right-hand co ntact should c l o s e  at 0. 3 

rna. d .c .  
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TY P E  PM MON I TORING R E LAY S 

PMD and PMD- 1 Rel ays 

Alarm and Ground U nits 

Connect an adj us table 2 0 ,0 00-ohm resistor ( o r  

1 0 , 000-ohms for a 3-terminal relay) i n  s eri es with a 

d-e milliammeter across termi nal s 6 and 7 with the 

instrument positive conne cted to terminal 7. Apply 

rated d- e voltage to terminal s  8 and 9 with po sitive 

o n  t erminal 9. Now check the PMD and PMD- 1 rel ays,  

foll owing the p ro c edure given i n  the previous section 

for the PMA and PMA- 1 relays,  resp ectively.  Note,  

however ,  that t ermi nal 5 o f  the PMD relay corres­

ponds to termi nal 3 of the PMA relay .  

a n d  PM- 2 3  

Alarm Unit (2 )  
Appl;y a variable d - e  voltage o f  approximat el y  

2 0  volts t o  r el ay termi nals 8 and 9 (terminal 9 po si­

tive) of the PM- 2 or PM- 23 rel ay. Adjust  the voltage 

to obtai n  a readin g  of  one rna. on the relay milliam­
m eter.  The monitoring polar u nit  ( 2 )  contacts should 

float. Reduce the current gradually. The mo nitoring 

alarm contacts should clo s e  at 0 .  7 rna. d .  c.  The trip­

ping unit ( 3 )  of the PM- 2 3  rel ay should not mov e  

during thi s  test .  The milliammeter has been adj usted 

to r e ad 1 rn a. ±5%. As a result the pointer m ay not 
read zero for a zero current condition .  

Tripping U nit  ( 3 )  

To check t h e  PM-3 relay or the trip ping unit o f  

the PM- 23 relay, apply the v ariable d-e v oltage i n  

seri e s  with an external milliammeter t o  rel ay ter­

minal s 8 and 9 with termi n al 8 positiv e  for the PM-
23 r el ay ,  or termi nal 9 po sitive for the PM- 3 rel ay .  

When ch ecking the pickup o f  t h e  PM-2 3  trip unit 
contacts (2) so as to remove th e shunt resistor from 
around the trip coil ( 3 ) .  

The tripping relay u n i t  ( 3 )  should pick up with 

positive action at 1 4  volts d . c .  and should d rop out 

at approximately 1 0  volts. The alarm u nit  of  the PM-

23 rel ay will not op erate during this test. 

PM-4 Relay 

This device i s  si mply a s et of resistors and a 

diod e  to connect i nto the p il ot- 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 i n  

the s ectio n  entitl ed "Re ctifier Check" under 

"Ro utine Mainte nanc e". If  an ohmmeter is u s ed ,  the 

difference in f or w ard and reverse resi st ance readings 

obtained will b e  dependent on the current flowi n g  

through the diode. 

8 

PM- 5 Relay 

Apply 5 volts d. c. in series with a 0- 1 d . c .  mil­

liammeter and a 20 , 000-ohm v ariable resi stor to 

termin al s 6 and 7 with positive on terminal 6. The 

left-hand contact shoul d  close at approxi m ately 0. 3 

rna. Now apply the same circuit to termin al s  8 and 9 

with positive o n  terminal 9. The right-hand contact 

should close at app ro ximately 0 . 3  rna.  

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

Alarm Unit ( 1 )  

Connect a variab l e  20 ,000-ohm resisto r  ( 10 , 000 

ohms for a 3-terminal-line relay ) in s erie s  with a d- e 

milliam m eter acro ss terminals 8 and 9 with the i n­

strument po sitive on termi nal 9 .  For the a- c relay ,  

set t h e  prim ary tap o n  1 20 volts. Now apply th e rated 

supply voltage to terminal s  4 and 5 .. This will be 48, 

1 25 ,  o r  250 volts d . c . , or 1 20 volts a. c. as ind icated 

o n  the relay nameplate. A dj us t  the variable resistor 

to obtai n  a current of one rna. for a 2-terminal lin e 

relay,  or 2 rna. for a 3-terminal relay .  At this value ,  
the  moving contacts of the  al arm or monito ring ( 1 )  

relay unit (the upp er polar u nit) should float between 

the two sets of stationary contacts. Increase and 

d ecrease th e one or 2 rna. m o nitorin g  current to check 

th e c alibr ation values listed in Tables IV and V.  

Tripping Unit ( 3 )  

T o  check t h e  op eration of  th e tripping unit 3 

( the lower polar unit) , app ly a d .c .  potenti al acros s  

termin al s  1 6  (po sitive) and 2 0  ( ne gative).  The trip­

ping pol ar u nit should pick up at 14 volts,  and should 

drop out at app roximately 10 volts. The resistance of 

the s eri e s  dropp ing re sistors for transferred tripping 
( listed in Table s  III  A and III  B) can be checked with 

an ohmmeter. Th e circuit location of these resistors 

can readily be s een from the external schematic, 
Figure 2 7 .  

PMG- 1 3  - A . C .  and D . C .  

A larm and Trippi n g  U nits 

Follow the proc edure given in the previous s ec­

tion for the a-c. and d- e. PM- 1 3  relays.  

Ground Unit 

Connect the 20 , 000-ohm (or  1 0 , 000-ohm) resistor 

and milliammeter across terminals 8 and 9 .  With rated 

voltage app lied and one rna. (or 2 rna. ) flowing , suc­

cessively short circuit termi nals 3 and 8 , then 3 and 

9 .  The ground alarm unit 5 (lower polar unit) should 

move first to the l e ft ,  th en to the right. To ch eck the 

pickup current of  the ground detector, first remo v e  

the 20 ,0 00-ohm resi stor from termi nal s 8 and 9 .  Con­

nect a 0- 1 d. c. milliammeter i n  seri es with a variabl e 
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T Y P E  PM MON ITOR ING R E LAY S 

resistor of about 5 0 , 000 ohm s between termi nals 3 
and 8. The left-hand contact should clo se at approxi­
m ately 0 . 3  rna. d . c .  With the milliammeter resisto r  
c o n n e c t e d ,  b e t w e e n  termi n als 3 and 9 ,  the ri ght-hand 
contact should c l o s e  at 3 . 0  rna. d . c .  The ex ter nal 
schematic di agrams for these r el ay s  are shown in 

. Figure 23 and 25.  

Routine M a inten ance 

CAUTION - Do not  mak e any perfo rmance c heck , 
cal ibration tests,  or adjustments whi le the PM rel ays 
are e n ergi z ed or connected to the pilot wir e s ,  to pre­

vent the possi bility of inadvertently c ausing a br e ak 
operation. The P M  relay s  may be removed from ser­
vice for testi n g ,  wi thout j eopardizing HCB relay 
prote ctio n ,  p roviding that th e connections between 
the 10-mfd c ap acitor and the HCB insulatin g  tran s­
fo rmer are not  disturbed. 

Contacts 

All contacts should be periodically cleaned. A 
contact burnisher Si't 1 8 2A8 36HO 1 i s  recommended for 
thi s  purp ose.  The u s e  of abrasi ve materi al for clean­
ing contacts is not recommended becau s e  of the 
d anger of embedding s mal l parti cl e s  in the face of 
the soft silver and thus impairi n g  the c o ntact . 

Operational Check 

I n  addi tion to c l e aning c o ntact s ,  i t  i s  recom­
mend ed that an ope ratio n al check be p e rformed 
periodically by opening and short-circuiting the pilot 
wires,  as w ell  as grounding them at the relay ter· 
minal s .  These pilot-wire faults should n o t  b e  
app lied dire c tly to t h e  pilot wire s w h e n  the H C B  re­
lays are in service. It is also recommend ed that the 
trip circuits of the P M  rel ay s  b e  opened (where trip­
ping is u s ed ) ,  to prevent t h e  possibility of i nadve rt­
ently tripping the associ ated circuit breaker duri n g  
testing. If  t h e  relay s  d o  n o t  perform as expected, an d 
diode failure is s u spected,  the diode t e st s  d e scribed 
i n  the following s ection may be p erformed. 

Rectifi e r  (Diode) Check 

I f  there is suspicion of a rectifi er (diode) fai l u r e ,  
apply 3 0  vol ts d .  c .  r e v e r s e  volt age (positive o n  arrow­
h e ad) through a 300-ohm resist anc e to the diode. 
M easure the voltage acro ss the diode. I f  thi s voltage 

is not  essent i ally 30 volts,  the diod e  is sho rt­
circuited. N ow apply 30 volts d . c .  in the forward 
direction through the 300�ohm resist o r ,  and measure 
the voltage across the resistor.  If the voltage is not 
essentially 30 volt s ,  the diode may hav e  a high for­
ward resistance. If the voltage is z e ro , the diode i s  
open- circuited.  

I . L .  4 1 -973.5 

Cal i brat ion  

If  t h e  relay h a s  b e e n  dism antl ed or t h e  c al i bra­
tion has been disturbe d ,  use the following procedure 
for calibration.  

With the permanent m agnet removed,  s e e  that the 
moving armatur e fl oats i n  the c en tr al area o f  the air­
gap between the p o l e s  of th e polar unit frame .  If 
neces sary , l oo s en the core screw i n  the center r ear 
of the unit and shift the core and contact assembly 
until the armature fl o ats.  ( Thi s c an b e s t  b e  done wi th 
the polar unit remo ved from the rel ay . )  Then r etighten 
the core screw and replace th e perman ent magnet 
with the dimpl e  (north pol e) o n  the magnet to the l eft 
when vi e w ed fro m  the front. 

Polar U ni ts-General 

The followi n g  m ec hanical adj ustments are given 
as a gu ide,  and some d eviation fr o m  them may be 
necessary to obtai n  p roper electrical c alibration.  

M agneti c  Shunt Adj ustment 

The sensivity of the polar unit is  adj usted by 
m e an s  o f  two magneti c ,  scre w- type shunts at t h e  r e ar 
of the unit,  as shown i n  Fig. 1 .  These shunt screws 
are held i n  p roper adj u stment by a flat strip spring 
acro s s  the back of the polar uni t fram e ,  so no l o cking 
screws are required.  L ooking at  the relay ,  front view 
turni ng out the right- hand shunt to  open the right­
hand ai r gap decreases the amount of c urrent requi·red 
to close the right- h and cont ac t .  Conv ersely, d r awin g  
out the l e ft-hand shunt i n creases the amount of c ur­
rent required to close the ri ght- hand c ontact , or 
decreases the amo unt of current requ ired to close the 
left-hand contact ( with the prop er direction o f  current 
flow).  Also , if a relay trips to the right at the prop er 
current,  the dropout c urrent c an be r ai s e d  by turning 
in t h e  ri ght-han d  shunt.  The two shunt-s crew adj u st­
ments are not independent ,  how ever, and a c ertai n 
amount of trimming adjustment of both shunt screws 
i s  gen erally n e c e s s ary to obtain the d e sired pick up 
and dropout c al ibration.  

I n  general , t h e  farther o u t  the two shunt  screws 

are turn ed , the greater the toggle action will  be,  and 

as a result,  the l o w er the dropout c urrent.  For the 
tripping units ( 3 )  of the PM- 3 ,  P M- 1 3 ,  an d PM-23 r e­
l ay s ,  toggle ac tio n  is d esirabl e ,  with a dropout cur­
rent around 7 5 percent of the pickup current.  For the 

moni to ri n g  alarm rel ay units, toggl e action is not 
d e si r ed . Inst e ad ,  the armature is adj u st ed to float 
between the pole fac e s  at a given c urrent ( 1 or 2 
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TY P E  PM MO N I T O R I N G  R E LAYS 

The followin g chart indicates the units present in each relay. 

Transfer - Trip Unit ( 3 )  

Alarm for p . w. ground ( 5 )  

D . C .  Path for Monitoring Current 

rn a. ) ,  and to move gradually toward the high or low­
current al arm as the coil current is increased or 
or d ecreased. Simil arly , the floating adj u stment of 
o f  the armature of the ground alarm unit ( 5) require s  
that both shunt screws be turned in relatively far. 
Then the armature will move g r adually to the l eft or 
right as the current through the two t/:5 coils i s  
u nbal anced. 

The el ectrical c alibration of the polar unit i s  
al so affected b y  the co ntact adj u s tm e nt a s  this 
changes the p osition of the po lar u nit armature.  Do 
not change the contact adj u stment without rech ecking 
the electrical calibration.  

Cont!lct :l\dj ustment - All l{elays 

For all  m onitoring alarm unit s ,  de signated ( 1 )  o r  
(2) ,  turn i n  all t h e  stationary cont act and contact 
stop screws until they j u st touch the moving contact. 
Advance the screw s to hold the armature in the c e n ­
tral portion of the m ag netic a i r  g ap b e t w e e n  t h e  t w o  
pol e fac e s. ( The stationary contact s c r e w s  h a v e  a 
round silver c o ntact face;  the stop screws do not 
have this silver facing. ) Now back o ff all th e con­
tact and c ontact stop screws o n e  full  turn. This will 
give a total contact trav el of 0 . 0 50 inch. When the 

relay i s  properly c alibrated ,  some touch-up adjust­
ment may b e  necessary so that double contact s wil l 
both c lose at the sam e  current val ue .  The contact 
gap between the floati ng moving contact and the 
right-hand or l e ft- hand station ary contac t s  or contact 
stops will be app roximately 0 . 025 i nc h  when the re­
l ay is in operation. 

For the tripping (3) units of the P M- 3 ,  PM- 1 3 ,  
PMG- 1 3 ,  and P M-23 relays,  adj ust the contacts as 
de scri be d  in th e previou s paragraph,  except back off 
the co ntact an d stop screws o n e- h alf turn each to 

1 0  

give a total moving contact travel of appro ximately 
0.025 inch. In operation of the tripping unit,  the mov­
i n g  co ntact will normally rest agai n st the contact 
stop screws, and will pick up o nly for a tran sferred­
tripping operation . 

For the pilot-wire ground alarm unit ( 5 )  of the 
PMA. PMD, PM5, and PMG- 1 3  relays, fo llow the 
s am e  general proc edure e x c ept back off both station­
ary contact screws two turns e ac h .  This wi ll  give a 
co ntact gap of 0 . 050 on e ach sid e  of the mo ving con­
tact when it is its normal c entral position. 

El ectrical Calibratio n - All 

I n  the following sectio n s ,  the calibratio n in­
structions are given for the polar unit which p erforms 
a c ertain function ,  such as alarm ( 1 )  or  ( 2) ,  ground 
( 5 ) ,  or trip ( 3 ) ,  rather than giving calibration i n­
structions for each comp l e t e  relay.  I n  this way, con­
sid erabl e duplication o f  i nstructions has b e e n  elim­
inated.  

Alarm U nit 

Conn e ct the relay as d e scribed under Acc eptance 
Tests for the particul ar r elay involved. Screw the two 
magn etic shunts all the w ay i n ,  then back them out 
five turns each. With the relay en ergized at rated 
voltage , set the monito ring current at 1. 3 or 2. 3 rn a. 
d. c. for 2 or 3-terminal relay respe ctively, by adj ust­
ing the external r esistor. I f  the rel ay does not clo s e  
i t s  right- hand contact,  turn i n  the left shunt screw 
until th e right-han d  co ntact j ust close s. If  the right­
hand contact is c l o se d  at 1 . 3  rn a. , turn in the right 
shunt until a point is reached when the right-hand 
co ntact is j u st c lo s e d  at 1 . 3  rna. 

Now drop the current to 0 . 7  rna. and adj ust the 
opp osite shunt until the left-han d  co ntact j ust cl o s e s  
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T Y P E  PM MON I TORING R E LAYS 

at 0.7 rn a. d . c .  At 1 . 0  rna. d . c . , the movin g co ntact 
should f l o at half w ay between the two s ets of station 
ary contacts w ith a 0 . 0 2 5-inch gap on each side. Re­
check the high and low current c alibration sev eral 
tim e s ,  touchi n g  up the shunt adj u stments as required 
to obtai n  the d e sired cali bration.  

Polarization Check 

For all the source relay s ,  which are li sted be­

low,  m ak e  the followi n g  additio n al c al ibration check:  

PMA 
PMA- 1 
PMD 
P MD- 1 

P M- 1 3  ( a. c . and d . c . )  
P MG- 1 3  ( a. c .  an d d . c . ) 

After c ali bration as d e s cribed in the previous 
sections, connect a 20 , 0 00 o hm resi stor (or 1 0 , 000 
ohms fo r 3-terminal appl ications) ac ross the output 
termi n al s ,  and energize the r e l ay at its rated supply 
voltage. With these connections,  app roximat ely o n e  
(or  two) m illiamp eres d . c. will flow through the 
mo nitor relay coil s and ext ernal resistor, thu s rep­
resenting normal op erati ng conditions.  

Now m o m entarily ( o n e  second or  so) apply 48 
volts d . c.  directly to the pilot- wire t erminal s of th e 
r el ay ,  as indicat e d  in the followi n g  t able.  

PMA. PMA- 1l 
P M D ,  PMD- 1f 

Termi nals for M o m en tary Appli cation. 
··--·· Qf 48 v. d . c .  ·· 

POS. 
6 

N EG. 
7 

P M- 1 3  ( a. c .  or d . c . )  ) 
PMG- 1 3  ( a. c. or d . c . )( 8 9 

After mom ent ary appli cation of the transfer-trip 
voltage as j u st e xp l ai n e d ,  recheck the c alibration of 
the monitoring alarm u nit ( 1 ) .  If it h a s  chan g e d ,  m ake 
n e c e s sary trimming adjustments of the shunt screws 
until there is no c h an g e  in calibrating of the al arm 
unit ( 1) after the transfer-trip voltage has been 
applied.  The purpose of thi s test is to comp ensate 
for the small resid u al magn etism i n  the relay unit. 
The ground alarm unit ( 5) will not be affected by this 
t est as the amp ere- turns of th e two windings c ancel 
e ach other. 

Alarm Unit ( 2) 

For the alarm unit of the PM-2 or PM- 2 3  relay s ,  
adj u st t h e  shunts s o  that the relay moving contact 

I .  L. 41 -973.5 

floats at one rna. d. c . , and c l o s e s  the left- h and con­
tact at 0 .  7 rna.  d .  c. The movi n g  co ntact should float 
mid w ay betw een the contact and contact stop at 1 .  0 
rna. d . c .  There is no high- current c al ibration for this 
relay unit.  

N o w  apply 48 volts d.  c .  momentarily ( on e  second 
or so) across the alarm unit coil- c ircuit termi n al s  i n  
a direction to op erate t h e  alarm rel ay .  T h e n  recheck 
the alarm u nit calibration. If there is any change,  
touch up t h e  shunt  adj u stme nts u ntil th ere is no 
ch an g e  i n  calibration after 48 v. d .  c .  has been applied.  

Tripping U ni t  ( 3)  

To c alibrate the tripping unit  of the P M- 3 ,  PM- 1 3 ,  
PMG- 1 3 , o r  P M- 2 3  rel ay s  apply a d . c . voltag e as ex­
pl ain ed bel o w ,  to the fol lowing rel ay terminal s: 

Rel ay s  

P M - 3  
P M- 1 3  ( a. c . o r  d. c . )  1 6  
PMG- 1 3  ( a. c .  or  d . c . )  8 
PM- 2 3  i 8 

Mom entarily ( o n e  s econd or so)  apply 48 volts 

d. c .  to the termi n al s  shown in the chart.  Then startin g 
with both shunts all the w ay i n ,  turn out the right­
hand shunt scr ew u ntil the rel ay  closes its right-hand 
trip cont act at 14 volts d.  c .  ( This will give approxi­
m ately 2 rna. through the rel ay coil . )  Now draw o u t  
the l e ft-hand s h u n t  until th e rel ay reset s  w i t h  toggl e 
action ( not gradually) at n o t  l e ss than 10 volts d. c. 
When the calibration i s  app ro x i m ately correct, ag ain 
apply 48 volts d . c .  to the indicated term i n al s .  then 
recheck th e pickup and dropout voltag e, mak ing any 
necessary trimming adj u stments of the shunts.  When 
the relay i s  prop erly adj u sted, the app lication 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 appl icatio n .  This will require both 
shunt screws to be withdrawn farther than for flo at­

i n g  action.  

Ground Al arm U nit ( 5 J  

F o r  the PM- 5 relay,  t u m  both shu nt screws all 

the w ay in, then back them out fi ve turns each . Pass 
a c u rrent of  0.3  rna.  d . c. in termi nal 6 and out ter­
minal 7 .  Following the sam e  gene ral procedure as 
d escribed pr eviousl y  in the se ction entitled " Al arm 
U nit ( 1 ) , "  adj ust the shunt screw s so that the l eft­
h and contact closes at 0 . 3  rna. Now pass 0 . 3  rna.  d . c .  
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in termin al 9 and out terminal 8 . and adjust for cl os­
ing of  the right-h and contact at 0 . 3  rna. Recheck both 

pickup p oints s everal tim es,  and mak e trimming ad­

justments of both shunts as r equired to obtain con­

tact closing at 0 . 3  rna. d . c .  i n  each direc tion . 

For the  ground unit ( 5) o f  th e PMA. P M D ,  and 
PMG- 1 3  rel ay s,  connect a variabl e resistance o f  

abou t  5 0 , 000 o h m s  i n  seri e s  with a 0- 1 d .  c .  milliam­

m eter between th e termi n al s  indicated in th e follo w­

ing table:  

Turn the shunts all  t h e  way in ,  then back them 

out fiv e  turns eac h .  With t h e  rel ay connected as 

shown in the l eft-hand column of  the t abl e, apply 

rated vol t ag e  to th e rel ay and adj ust the 50, 000-ohm 

resistor for 0 . 3  rn a. d. c. Now fol lo wing the procedure 

in th e previous p ar agrap h  for the PM-5 relay, adj ust 

t h e  shunts until the l e ft- hand contact closes at 0 . 3  
rna. d . c .  Change t h e  connections a s  indicated i n  the 

right-hand column. and adjust the opposite shunt un­

til the ri ght-hand contact closes.  Recheck back and 

forth several tim e s  and make necessary trimming 

adj ustments to obtain pickup a t  0.3 rna.  I n  each 

direction. The armatu re will move gradually a s  t h e  

current i s  changed for t h i s  relay unit. 

res unit 

Close the main relay tripping contact circuit wi th 

a jump er connected directly acro s s  the contact ter­

minals o f  the polar unit. Pass suffici ent di rect cur­

rent through the relay trip circuit to  clqse th e contacts 

of the res u ni t .  This v al u e  o f  c urrent shou ld not b e  

gr eat e r  than the res tap s et ting being u s ed ( 0 .  2 o r  

2 . 0).  Th e indicator target should drop freely. The 

contac t  gap should be app roxim ately 0 . 047 inch b e­

tween t h e  b ridging moving contact and t h e  adj u stabl e 

stationary contacts.  Th e bridging moving contact 

should touch both station ary contacts simul t aneously. 

R E N E W A L  P A R T S  

Repair work c an b e  done most s atisfactorily at 

t h e  factory . However ,  interc hang eabl e p art s c an b e  

furni sh ed t o  t h e  customers who a r e  equipp ed for 

doing repair wo rk.  When ordering p art s ,  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 3 and 7 + 

PMD 5 + and 6 5 and 7 + 
PMG- 13 3 +and 8 3 and 9 + 

t Milliammeter positive to this terminal 

1 2  
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soo n 

LOWER P!HAR: IJM IT 
( GROUH�) 

l£$1 3cWI tCH 

184A500 

F ig. 2.  Internal schemati c  of the type PM A relay in F T  
3 1  case - 120 volt, 60 cycle suppl y  - For two 
terminal lines. 
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1\GIIIII OlfT Of TUIIIIAL 7 ARD I I  
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*PP£R POUR Ill I T  
(-ITOitiiG) 

·�-LOWEll: POUI U•ll 
(GROIIIIG) 

·-TEIM11Al 

l87Al9l 

Fig. 4.  Intern a l  schematic of type PMA relay in FT 3 1  
case - 120 volt, 60 cycle supply - For three 

terminal lines. 

1 4  
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REC T I F t EI 
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••• IOilMAllf [IIEiilllED, CUIUtUt 
fi..OWUG ()ijf Gf TEIINIIIlAI.. 7 AIIO IN 
AT T£1MUIAL 6 TEtlO$ TO CLOSE �E I •.•. (FRO•T . . .. ) COITACTS· 

INTERNAL SCHEMATIC 

TEST SWtTCM 

184A514 

Fig. 3. Interna l  schemati c  of type PMA- 1 relay in the 

FT 2 1  case - 120 volts, 60 cycle supply - Fo r  
two terminal lines. 

I IIIIIT HAlO 

fULL Wl\IE 
RECTI FlU 

TUI$FObtEI 

•on: 
WtiEM MORiol.tlLY UEiGUED, CURREMT 

FLOWUIG OUT Of TUKIIUI. 7 AMi> lti 

AT TERHIHAl 6 TElOS TO ClOSE THE 

R . H .  (FROIIT VIEW) COIITACTS. 

INTERNAL SCHEMATIC 

FRONT VIEW 

187Al92 

Fi g. 5. Internal schematic of type PMA- 1 relay in FT 2 1  

case - 1 20 volt, 60 cycle supply - For three 
terminal lines. 
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A-tOIIECT fil l S  I..EAO 4S SIIOO OOTTEO FOil .. 
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f-tt254 Q fOi U/12S f.P.C .  1£1..\Y 
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2UO Q 

· TE$ T Sl ITCI 

TUMIIIAI. 

184A497 

Fig. 6. Internal schematic of the type PMD relay in F T  
2 1  case - D C  supply - for two term inal lines .  
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LOWEll POLAR: l,tiiT 
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(aYPUSEO FOl •a Y , O . C ,  OPERATIQII, )  

SSOO fi FO� 2$0 Y,O,C RELAY 

TEST SWI TC• 

fERMUiA.L. 

Fig. 8. Internal schematic of the type PMD relay in the 
FT 2 1  case - DC supply - For three terminal 

lines. 

T O  STATIOIIUI --�+---, 
COIITACTS 

6. 
COOMECT THIS LEA� AS 
Sl!Oiftl DOTTED FOR 'Ill 
Y.O.C. OPEUIIOM 
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1 t  • 1100 0 FOR •a/!2$ Y.O.C. RELAY 
12000 0 FOR 250 Y.o.C. RELAY 

I.L. 41 -973.5 

-TEIMI IAL 

Fig. 7. Internal s chematic of the type PMD- 1 relay in the 
FT 1 J case - DC supply - For two terminal lines. 

5600 fi 

r--
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ShOd OOTT£1) fO.: IJS l 
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IHTERHAL SCHEMATIC 

t· r:n�J:" ,:'��'.�o�c�· .m:�, .. � 8500 G fOR 2$0 Y .o.C. RELAY 

2120 a 

-TEST SWI TCM 

�-- TUMIIA.l 

Fig. 9. I n ternal schematic of the type PMD- 1 relay in 

the F T  J 1 case - D C  supply - For three term inal 
lines. 
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T Y P E  PM MON I TO R I NG R E LAYS-------------------------

INTERNAL SCHEMATIC 

184A489 

Fig. 10.  Internal schematic of the type PM-2 relay in the 
F T  2 1  case. 

TYPE PM-4 IMPEDANCE 
INTERNAL SCI-IEMA.11C 

1,--) �� I , _ ,  , _  :� I 

I 

I 
ADJUSTABLE. I 

RE�SiORS --+------..11 I 
L���-� 

fRoNT VI EW 

'TERMINAL':> 

2-D- 1845 

Fig. 12. Internal schematic of the type PM-4 A uxi liary 

Un it in the small mo lded case. 

1 6  

INTERNAL SCHEMATIC 

IIDICATIIQ 
COITAtTIIII --__,_...1 
s•Htl 

184A484 

Fig. 1 1 . Internal s chematic of the type PM- 3 relay in the 

FT 1 1  case. 

INTERNAL SCHEMATIC 

TO 
MOVIIIG CONTACTS �-r--�� 

TO SUTIOIIARY 
COIITACTS ��--j-<'---j�+-'-j 

WITH EQUAL CUAR:£JIT FL(JWIIIG THROUGH 
80TH WIND INGS WITH IIID ICAT£0 POL.U:ITY, 
THERE I S  MO RET TORQtlE. 

TEST SWITCH 

Tfi:MI .U.L 

184A501 

Fig. 13.  Internal schematic of the type PM-5 ground 
detector relay in the FT 1 1  case. 
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TYPE PM MONITORING R E LAY S 

I IIIOICITIW6 
CQMfACTOt 
SWHCI1 ---

2%10 D 

IHT£1lNAl SC�EJ14ATIC 

UPPER 
POUI UM I T  
I•O•ITQ.Ii>G) 

MiLL IAMIIIETEA 

� TEST SW ITC.H 

, CUOIE•r 
l£Sf 
JlC< 

- TEIIMI MAL 

Fig. 14. Internal schematic of the type PM-23 relay in 
the FT 2 1  case. 
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Fig. 16. Internal schematic of the type PM- 13 relay in the 
FT 32 case - DC supply - For two terminal lines. 
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184A495 
Fig. 15. Internal schematic of the type PM- 13 relay in the 

FT 32 case - DC suppl y  - For two terminal 
lines. 
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Fig. 1 7. Internal schematic of the typ e PM- 13 relay in the 

F T  32 case - 120 volt, 60 cycle supply For 
two Or three terminal lines. 
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Fig. JB. Internal schematic of the type 

the F T  32 case - D C  suppl y  
lines. 

PMG- 13 relay i n  
For two terminal  

,;osN.:cr rttLJ L::AJ 43 
.li!O«'h JOHE� FCR 1+8 
f.'J.::..  OPERATIOJII . 

IN!DI �ATI Ii,:; 
CQJIITACTOR' -
5"1 �CH 

2120 ;t ---

lSOO n FOR 4&/ 125c v. 
;>, :;, RE.LA'f 

IW'\iL 11 FO� �SC Y. 
[), C. �E.LA'f 

INTERNAL SCHEMATi t  

UPPCil POLAR JN I T  
( MOM I TO� liHi) 

LO�U :lROUNi) ALAIIM 

SOOO G 
M i DJLE PGL.l� U II I T  

( TR I PPING) 

REO hAIIDli 
TEST Slfl TC!'! 

184A658 
Fig. 19 .  Intern a l  schematic of the type PMG- J3 relay in 

the FT 32 c:ase - DC supply - For three terminal 
l ines. 

1 8  

!! -
fOil: �Jl2S Y.D.C. 
llELAY,II:ESI STOA 
IS TAPPED AT 
200 o. 

INO IGAJilU 
COIHACTOa 
SW'J TCtt - -�- � 

2 TE.RMIUL LII'E .i12o 0 FOil ll8/US 'I 
D.C. IUUY 

5600 fl FOil lSO Y. 
n.c. ltEt.n 

3 lUIIIUIAL L I NE 

!500 0 fOR "8/12:S ¥ 
O.C.. iEUY 

11-000 0 FOR 2SO Y. 
O.C. IU:UY 

I I H£ikAL SCI'lEMHIC 
" 
CDUECT ! M IS lEAJ t'i 
Stul•N OOH£J fOR i8 
Y . O . C .  QPEill J IOJt• 

+ "'  COIUIECTEO A$ !HOlM 
OOTl£0 FOR 3 n:RM. 
LUI£ RELAY 

.�------���========�-1--ooo o 
2120 n 

I.IP'Pta POlAil IJN I T  
( to(I N I TOtii M.it) 

5000 0 

Jtl ®!..£ POL.Ait ���� T 
( T R I P!'IOu) 

TE�T Siti Ten 

184A513 
Fig. 20. Internal schematic o f  the type PMG- 73 relay in 

the FT :32 c:ase - 120 volt, 60 cycle supply - For 
two or three terminal lines. 
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TY P E  PM MON I TO R I NG R E LAYS 

..... ... 

tt 

• 
MfD 

!.! 1 

tt - iOO q • .. v.o.c. 
JS$011 • US ¥.D.C. 
t:tOO c • 110 v.o.c. 

II · 
�����------� 

1• 
T 

• 
•n 

t • &IIOlTEO • .. ¥. 0. C. 111250 o - U!l ¥.D.C. 
OMITIEO • %!10 Y. O.C. 

tt · 800 Q • U/IU V.O.C. 
12000 U - ISO Y.O.C. A • lEQUIUO DollY 1111£. 

DEY ICE IIIUMBU CKART 
7111 TYPE PMO IELU 
7J+X .. TYPE ,.._, AUX.UIIf 
8S - Tl'P£ PW-U AELAY 

ICI 1£LAY IS US£0 

�� l T � TilP 
� ¥ 

Fig. 2 1 .  External schematic of the type PMD relay with type PM-23 or PM-4 relay - Two terminal lines. 

COMTACT$ t+ 
�tt=.�G. 1----··_�_T_E_T_R

_

IP----------------

�==r-

----, tt 100 0 • .a f.D.C. 
3�!o0 D • 12& ¥.D.C. 
1300 0 • 2!o0 v.o.c. 

POS. 

�! 10 

G - HC8 RELAY 11$UU1UUI 
TRAISfOIMU SECO.tiUY 

A - Uljll tUO Olllf nEll 
ltCI IEUY IS USEil 

om CE •11111u c•.ur 
H • TfPE f'MA UUY 
7•1 TYPE PM-• AUX. UMIT 
8li • TfPE PM-23 iEUY 

I .L. .  41 -973.5 

290B246 

290B247 

Fig. 22. External schematic of the type PMA relay with type PM-23 o r  PM-4 relay - Two terminal lines. 
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TY P E  PM MON I TO R I N G  R E LAYS 

20 

� 10 

A
REMOTE fii!P 

1",' COiiUCTS 

SkOIHED - 148 Y.D.C 
14250 11 125 '/.D.C.  

+ - tOO 0 
2:120 0 
5600 :i 

>t8 v.o.c,  
u;; v.o.c. 
hO Y.D.C. 

Tt - toO :1 •e f.D.C. 
2120 0 - US t.O.C. &soo n - 250 r.o.c. 

�I TT£0 2!JO 'f.O.C. 

tt aoo o 48/12& "· o.c. 

til - HCB RHU IMSI.IlAT IMJ 
Tii:AkSfURHt:i! SE CO•DAii:Y 

12:000 0 � 250 v.o.c. 

} ""'"' 

A - R:EQO I !tEl) OKt.l Wti£3 
ItCH i!ELAY I S  USEO 

0£'iiCE ·�M9£R CriAii:T 
74X � fYPt: �� AUX. UIU T 
H�85 • TYPE PMI#-lJ aEI,.AY 
8� - TYPE PM-lJ RELAY 

p s. 
a; 
2 

I'OS.tl:£;;1. 

::�� � � 
REMOTE H I P  
CCI!' TAC T$ 

liSE El TKEA 
BUT rWT BJTh 

., ' I 
--f !---- � TIII' � J  

.. -.-

290B248 

Fig. 23. External schematic of the DC type PMG- 1 3  relay with type PM-23 or PM-4 relay - Two terminal lines. 

f' S.t£G. 
A REHOTE. Htll' /I COITACTS 

I 

,. 1 
; 

c-.Q-,)K:::':J-f------t "''· 

SWOII:TED "i w.D.C, 
)00(1 o as •.o.c. 
1100 o - 2so �.o.c. 

OffiCE. ll!JM8fa CIU.U 
74 w TYPE PNO li:EUY 

H tOO 0 • �t-8 .-.D.C. 2000 0 125 w,  D.C. SiOO D - 2SO W. D.C. 

1111 - iiCB llliSULJ: J I IIiG  
HIMSFORMU 
SECOMDAIY 

A • RE"'I't£\1 OilY WttEIIi lfct II:ELAY 
IS USEO 

I liE 

.. 

" II 

" 

71JI � TYPE. ,...._, AUJ:. UIIIT 
a; � TTPE. f>M-.23. ii:Eli.Y 

I'M-21 i:ELAY MA. Y 
iE USED I Jl PlACE 
Qf PM-\ AUX. U.l T 

l!! + 

?_!! _ 
· "  

290B249 

Fig. 24. External schematic of the type PMD relay with type PM-23 and PM-4 relays - Three term inal lines. 
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TY P E  PM MON ITORING R E LAYS 

POS. 

t .  200 n • •a v.o.c.  
2120 n u;; w . o.c. 5600 fl .. 250 'I�!).C.  

t t - tO<! 0 • •<� v . o.c. 
2120 n us v . o .c. 
o600 0 250 Y.O.C.  

P I LOT 

¥ � �� ----:)11 
�---1 to . Lo 

DEY ICE •liMiER CIIAIT 

711-8> • TYPE P106· 1 3  AHA! 

85 • TIPE 1'!+-23 RELAY 

1'. MFD. 11 MFO. 

WI�£ 

til • HCil RELAY IMSULATIMil 
TRA.SfOIIMU SECONDARY 

1'. • lEQUIRED OMLI .. EM 

HC8 RELAY IS USED 

85 9 

Fig. 25. External schematic of the AC type PMG- 1 3  with type PM-23 relay - Two terminal lines. 

I'll$,. MEG. UMOTE TaU' N-8� f•_a_c_T$ _________ -.r��---��---
-, 

7�85 
lr 

f • ltl I • .. !,O,t. 
2120 g • Ut I,O.t. 
- 0  • 150 •••• t. 

tt - ,.. • - .. .... t. 
2.120 o .. Ut lf.�.C� 

,_, a .. 260 v.a.c. 

X "" CUSTM.It TO Not.iE 
ltUS CO.Iii£(HO.. 

t - SttOSIT£0 � �8 1.0.C. 
'+250 0 • l2S ¥-D.C. 

OMI TT£0 � :ZSO 'i.D.C. 
t t - 600 o «IUS i.D.C. 

12000 o 2� �.o.c.  

1!1 - HCIS i£U.Y l liSUUTI.ii 
Tii:AUfOMil S£COJOAitY 

f:. - R£QU1ii:ED OUY Wt'IU 
I'ICB i!HU IS USED 

J.E VIC£ M\.INOER C:lli!Rl 71tl.f TYPE PM·) II:EUY 

Nl • TYPE PM�-. AUX. UhlT 
11!.-85 • T'fPE P"'"'lJ IIEUY 

lh - rtPE PM-:ZJ REI.AY 

I .L .  4 1 -973. 5 

290B253 

Fig. 26.  External schematic of the D C  type PM- 1 3  and PM-5 relay with type PM-23 or PM-4 relay - Two terminal lines. 
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T Y P E  PM MON I TO R ING R E LAY S ------------------------

22 

� EG. IEMOT£ TIIP 7�·85 1COlTACT$ --rr 
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' 
' 
I 

.. 

t1 7Hl5 
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2120 n 

1 t  
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A • IEQIIIIEO 01"' WNEI 
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7�X • TYPE 1'10-ol •ux. UliT 
7'1-SS -· TYPE 1'10-13 RE�Y 
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Fig. 27. External schematic a f  the DC type PM- 1 3  relay with type P M-23 or PM-4 relay - Two terminal lines. 
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T Y P E  PM MON I TOR I N G  R E LAYS -----------------------';.;.;· L;;.;.·..;4_1 -.;,.;97..;;.3;.;;;.. s 

1----- F 

I c 

L 
� ��A�--r--�--��---,�� 
I S!l" 

184A657 
F ig. lB. O utline and Drilling Plan for 10 mfd. capacitor -

For reference only. 

� i =l� i..;.r�·--�,.. --·---.. �-.., 

26-D- 88 
F ig. 30.  O utline and Orilling Plan for the type PM-4 A ux­

ili ary unit in the projection molded case. 

OIIECTIOIAL 
Ulll 

WI tli 1£LA T l f£ llllMTMIOIIS NUIIfl U ... 'hiE 
OUltTIOIAl iMII T tOUACU Ct.Nt 

IIOC.CTI CII ill ll 

lllt"UIIQ t•UAITAifOQS U&tl 

H> ... DI.[ 
TUT •trCM J<-1--+-coaH•r rur "'" 

""'-r"''="- :.�::. o:�:· 
T£•1UL 

184A413 
Fig. l9. Outline and Drilling P lan for External R emote 

trip Resistor Assembly. 

7/32 I. N,ll. 

Fig. 3 1 .  Outline and Drilling P lan for the type PM-4 A ux­

i liary unit in the Semi-Flush molded case. 
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TY P E  PM MON I TORING R E LAYS------------------------
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TERM I ICAL MID 
MOUIITIICG .DETAI LS 

, 1 90-32 SCREW 

5 
� 18 SCREW 16 ( FOR TH I CK 

PANEL USE 

�18 STUD) !! !� 

PANEL CUTOUT & O� I LL I IIG 
FO« SEMI-FLUSH MTG. 

?; L OT 'F' L ,Il,TE 51\JA.P} W H E N  U &E.O ON RE L. f.l\Y ( TA.� 
TO RE A.R) 

1-4----'!>.oc;:-------- s � -----'-.t 
�--�.----8- 2 � �  

-----.8-->-4--1---'"--"7' 

1 6  . 1 90-32 SCREW 
--+--t 

-+-t-"-,,...--t-t--"'-1--++-'-� t-t-�--tt----.------1---·_· _j_ � 

PAII EL DR I LL I N G  OR CUTOUT FOR 
PRo.JECTIOM MTG. 

( FROIIT Yl EW) 

_ _1 

TERM IN AL 
NUMBER 

57-D-7900 

Fig. 32. Outline and Drilling Plan for the type PM-3, PM-5, & PMD- J Relays in the type F T  11 case. 
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TYPE PM MONI TOR I NG RELAYS ----------------------___;'�·L:.:.·-4:..;.1·...:..9.;.;:73;;;;,..5 

PMEL 

/7 ....... ... TM U I  PMELS 

!. ·tl SC:IEW It FOR Till U 
5 MEL USE 

fe•ll STUD) 

• 190-32 SCREW 
FOI THICK PAIEL 
USE . 1 90-32 S1UO 

3 i" Dl A. 10 1101.£$ 
01 CUT OUT 

,__ 5 !___..., I 1 I t  I "i DIA.� IIOlES FOI 
2S 1/ . 190-32 MT&. SCIM 

2 - 1'11'-
32 

' 
i 

��
-$- -�-f f� - =!� -�- ' Cit � " = ;:r "' ·= I 

·��� i ;  __ i 
i.,._ 5 .!  _J • 

PAIIEL tulOUT I DR I LLII 
FOt SBU FLUitl MTG. 

PAIEL DI!I LLIII 01 CI1IUT FOil 
Pllo.IECTIOI MT8· 

(FDT "EW} 

57-D-7901 
Fig. 33. Outline and Drilling P lan for the type PM-2, PM-23, PMA- 1 and PMD relays in the type FT 2 1  case. 
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TYPE PM MONITORING RELAYS-------------------------
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t..,._]u:: 
II ' '  

e !  L\ 
PANEl L:CATIOII � 
SEMI·FLI;SI! ICTG. ______ _. 
PIIOJECTI OII MTQ. 

/.-� . .  · � - ­�=�� . 190-32 SCREW 

. 1 90-32 SCREW 

I � • � � �  li - ,� � 

]�!§ L::� s 
PANEL CUTOUT & DRI LL I NG 
FOR SEMI•FUISM MTS. 

0 I A.II HOLES fvfl • 190-32 MTQ. SCI9S 

�1 ::; T___,....,..�.--+-++-+�+-'--+--+-"--+---'--+-+­
!! 1 !!?  

PANEL DR I LLI N8 O R  CUTOUT FOR 
PRQJF.CTIOII MTG. 

( FROIIT V IEW) 

TEIIoti iiAl 
II UMBER 

57-D-7902 
Fig. 34. O utline and Drilling P lan for the type PMA relay in the type FT 3 1  case. 
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TYPE PM MONITOR ING RELAYS ----------------------.!!'·!:;;L·:.,:4:.!;1·:z.97!.:i!3::.&...5 

I !! -I' 
32 

-I N 

l lLJ 
t�: � � �� ; 

PAIIEL LOCAT I ON \ SEMI FLUSit MTG. ---
PftOJECTIOII MTG. _____ ___�_ 

. 1 90-32 SCREW 

TEM4 I MAL AIIO 
MOUMTI MG DETAI LS 

PANEL 

PAIIEL CUTOUT & O� I LL I MG 
FOR SEMI FLUSH MTG. 

f'AIIEL OR I LLI�G 011 
CUTOUT F)ll f'IIOJECTI OM MTG. 

( FUMT V I EW) 

,_,_,_1 
+---+--.,-,-� N 

_j __ j 

3 
- � �. 

57-D-7903 
F ig. 35. Outline and Drilling Plan for the type PM- 13 and PMG- 13 relays in the, type FT 32 case. 
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Westinghouse I .L. 41 -973.5E  
I N ST A L L A TI O N  • OPE R A T I O N  • MAI N TE N A N C E 

I N S T R U C T I O N S  
TYP E  PM L I N E  O F  R E LAYS F O R  P I LOT-WI RE 

MO N I TO R I N G  A N D  TRA N S F E R R E D T R I P P I N G  

CAU TION Before putting p rotective relays into s er­
vice , remove all blocking which may have been in­
s erted for the p u rp o s e  of s ecuring p arts during ship­

m ent,  mak e  sure that all m oving p arts operate freely ,  

inspect the contacts to  s e e  that they are cl ean and 

clo s e  properly , and operate the relay to check the 

s ettings and electrical connections .  

A P P L I C A T I O N  

Type PM Monitoring Rel ays provide continuous 

mo nitori ng of a pilot- wire circuit to  detect open cir­

cuits ,  short ci rcuit s ,  ground s ,  and wire rev ersal .  I n  

additi o n ,  transferred tripping can be effect ed where 

the PM- 3 ,  P M- 1 3 ,  PMG- 1 3  o r  PM- 23 relays are used.  

Tabl e I illustrates the functio n s  avail abl e with each 

rel ay .  A 10 mfd. c ap acitor i s  supplied with each PM 

rel ay .  This capacitor  provides an a- c path between 

the two halves of the  insulating transformer  second­

ary windings as sho wn in Figs.  2 1  through 2 7 .  

E a c h  circuit requir e s  t h e  foll owing: 

At one end to introduce 
One of the follo wing: 

F o r  a-c Supply 

PMA 

PMA- 1 
PM- 1 3  o r  PMG- 1 3  ( a. c. )  

At the other  e nd to r e c ei v e  

termi nal 

current  

For d-e 

P M D  

PMD- 1 
PM- 1 3  o r  PMG- 1 3  ( d . c . )  

O n e  PM- 23 o r  PM-2 o r  PM-4 

At the oth e r  ends to receive 

t erminal line --- ---

Two PM- 23 o r  two PM-4 or two P M- 2  or any com­

bin ation of two of these rel ays .  

C O N S T R U C T I O N  

PM rel ay s  consi st of the foll owing:  

PMA PMA- 1 

1-Polar Al arm Unit ( 1 )  1-Pol ar Al arm Unit 

SU PERSEDES I . L .  4 1 -973 .5D 
* Denotes change from superseded i ssue .  

1-Polar Ground Unit ( 5 )  

1 -Tapped Transfo rm e r  

1-Full- W av e  Rectifi e r  

3-4 m fd .  C ap acitors 

1 -Set o f  Potential 

D ividing R e sistors 

PMD 

1-Polar Al arm Unit ( 1 ) 

1-Polar Ground Uni t  ( 5 )  

2-4 mfd. C ap aci tors 

1-Set of P otenti al 
Divider Resistors 

PMG- 1 3  

1-Polar Al arm U nit ( 1 )  

1-Polar Ground Unit ( 5 )  

1-Polar Trip Unit ( 3 )  

!-Indi c ating Contacto r 

Switch 

1-Set of Potenti al 
Divider  Resi sto rs 

1-Tapped Transformer  

(A .C.  Relay o nly) 

1-Full-Wave Rectifier 

( A. C .  Relay only) 
1-Blo eking Rectifier 

2-Remote Trip R e si sto rs 

3-4 mfd. Cap acitors 

( A-C Relay) 
2-4 mfd. C ap acitors 

( D- C  Relay) 

PM- 2 3  

1 -Polar Al arm Unit ( 2 )  

1 -Polar Trip Unit ( 3) 

!-Indicating Cont actor 

Switch ( ICS) 

1-Milliammeter,  5.0 rna. 

1-Set of Adjustable and 

Fixed Resistors 

2-Blocking Rectifiers 

1-Tapped Transforme r  

1- Full- Wave R e ctifi er  

1-4 mfd.  C ap acitor 

1 -Set of P o te ntial 

Dividing R e sistors 

PMD- 1 

1-Po l ar Alarm Uni t  

1-Set o f  Pot ential 

Divi der R esistors 

PM- 1 3  

1-Polar Al arm U nit  ( 1 ) 

1-Polar Trip Unit ( 3 ) 

1- Indicating Contactors 

Switch 

1-Set of P ot enti al 

Divider Resi stors 
1-Tapp ed Transformer 

(A.C. Relay o nly) 

1-Full- Wave Rectifi er 

( A . C. Rel ay o nly) 

1- Blocking Rectifi er 
2- Remote Trip Resistor 

1-4 m fd.  Cap acito r 

PM- 2 

1-P ol ar Alarm Unit ( 2) 

1-Milliammeter, 5.0 rna. 

1- Set of Adj u stabl e 

Resistors 

1-Blocking Re ctifi er 
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TY PE PM MON I TO R I NG R E LAYS 

PM-8 

1-Polar Trip Unit ( 3) 

!-Resistor 

!-Blocking Rectifier 

!-Indicating Contactor 

Switch (ICS) 

PM-4 

!-Blocking Rectifier 

1-Set of Adjustable & 
Fi xed Resistors 

TABL E I 

FUNCTION PMA & PMD PMA- l & PMD- 1 PM- 1 3  PMG- 1 3  

Monitoring 

Current X X X X 
source 

Receives 

Monitoring 

Current 

i Trouble 

Alarm X X X X 

Transmits 
X t X t 

Trip X X 
Signal 

Receives 

Trip X X 
1 Signal 

Sensitive 

Ground X X 
Detection 

Measures 

Monitoring 

current 

t With External Resistors 

BALANCED A I R  �APS 

PM-5 

1-Pol ar Ground Unit (5) 

2-4 mfd. Capacitors 

1-Fi xed Resistor 

PM-23 PM-2 PM-3 

X X 

X X 

X t X t X t 

X X 

X X 

SKU NT 

UNBALANCED AIR  QAPS 

Fig. 1 .  Polar Unit Permanent Magnet Flvx Paths. 

2 

PM-4 PM-5 

X 

X 

X t 

X 
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T Y P E  PM MON I TO R I N G  R E LAYS 

Polar  U n i t  

T h e  p o l ar unit  consists  o f  a rectangular s h ap ed 

magnetic fram e ,  an electro m agn et ,  a p erm an ent m a g­

n e t ,  and an arm atur e .  T h e  poles of t h e  c r e s c e n t  

s h ap e d  p er m an ent m a g n et brid g e  t h e  m ag n et fram e .  

T h e  m a g n e ti c  fram e c o n s i s t s  o f  t h r e e  p i e c e s  joined 

i n  t h e  r e ar with t wo brass rods and silver solder .  

The s e  n o n- m ag n e t i c  j o i n t s  represent air  g ap s ,  w h i ch 

are b r i d g e d  by two adj us t ab l e  m ag n et i c  s hu n ts .  T h e  

windi n g  or wi ndi n g s  ar e w o u n d  aro und a m ag neti c 

cor e .  T h e  armature i s  fast en ed to thi s core and i s  

f r e e  t o  m o v e  i n  t h e  front air g ap .  T h e  moving contact 

is conne cted to the free end o f  a l ea f  sprin g ,  whi c h ,  

i n turn , i s  fast e n e d  to t h e  armature.  

I nd i c ati n g  Contacto r  Swi tch 

The d-e indicati n g  contacto r  switch is a s m all 

clappe r  typ e devi c e .  A magneti c armature ,  to wh i c h  

l eaf-spring m o u n t e d  contacts are attach e d ,  i s  attracted 

to the m agneti c core upon e n ergization o f  t h e  switch.  

When t h e  swi t ch closes,  the moving contacts bridge 

two stat io nary contacts ,  completing the trip circuit .  

A l so during t h i s  operation t w o  fin g e r s  o n  t h e  arma­

ture d e fl e ct a spring l o c ated on the fro n t  of the switc h ,  

w h i c h  all o w s  the operation indi cator target to drop . 

T h e  t arget  i s  r e s e t  from t h e  outs i d e  of the ca s e  by a 

push rod l o c at ed at th e bottom of t h e  cover .  

T h e  fro n t  sp ri n g ,  i n  addition to  holdi n g  t h e  tar­

get , pro v i d e s  r e straint for t h e  armatu r e  and thus con­

t ro l s  t h e  p i ckup val u e  of t h e  s w i t c h .  

O P E R A T I O N  
P i l o t  Wi re Mon i tor i n g  

Monitoring current i s  introduced i n t o  t h e  p i l o t  

w i r e  as s h o w n  i n  t h e  external s c h e m at i c s ,  figu r e s  2 1  

to 27 ,  by t h e  monitoring curre nt so urce .  Exte r n al 

schemat i c s  showing o t h e r  c o m b i n at i o n s  are avai l abl e 

o n  reque s t .  A nom in al 20 vo l t s  i s  i m p r e s s ed acro s s  

t h e  1 o mfd. capacitor at the l eft-hand l i n e  term i n al 

i n  Figu r e s  2 1  to 2 7 .  Thi s  voltage p r o du c e s  a current  

circul ati n g  through one wi nding of t h e  HCB insulating 

tran s for m er ,  o n e  pilot  w i r e ,  the PM- 2 3 ,  P :'v1- 2 ,  o r  P M- 4 ,  

a n d  back through the o t h e r  p i l o t  vvi r e  and t h e  o t h er 

winding of HCB i nsulating tran s fo rm e r .  

Adj us tm en t  o f  t h e  r e s i s to r s  o f  t h e  PM- 2 3 ,  PM- 2 
or P M - 4  relay at the other  end o f  t h e  p il o t  w i r e  p ro­

vides a nor m al o n e- m illiamp e r e  d- e ci rculating cur­

rent.  In the c a s e  of thre e-terminal l i n e s ,  the m o ni toring 

source r el ay o utput curre n t  i s  2 rn a .  in o r d er to pro-

I . L. 41 -973.5E 

v i d e  e ac h  r eceiving e n d  relay with 1 rna.  The alarm 

unit of the m o n i tori ng current source rel ay i s  adj u s t e d  

to fl oat b e t w e en the h i g h  and low current contacts 

w it h  normal monitor i n g  current.  The PM- 2 3 ,  r ec eiving­

end al arm r el ay ,  i s  adj u s t e d  to float b et w e e n  the 

low-current alarm contact and a contact stop with 1 

rn a. flo win g. 

Sho rt Ci rcu i ts 

A c o mp l e t e  or p artial short  circuit  on the p i l o t  

w i r e s  i n cr e a s e s  t h e  current i n  t h e  current- sourc e  re­

lay ,  causing t h e  h i gh-curr ent al-arm con tacts to clo s e .  

T h e  re sulti n g  current d e c r e as e  i n  the P :\1- 2 3  relay 

cl o s e s  t h e  al arm contact.  Short circuits of 5000 ohm s 

or l es s  will  be d e t e c t e d. 

Open Ci rcui ts 

Current d e c r e a s e s  t o  zero i n  all r e l ay s .  Low­

current alarm c o n t ac t  o f  the curr e n t  sourc e  r e l ay 

c l o s e s . Alarm contact of P M- 2 3  r elay clo s e s .  

Reversed Wi res 

On app l i c ati o n s  u s i n g  the P \;l - 2 3  r el ay ,  curr e n t  

i n c r e a s e s  i n  the s endi ng end rel ay to cl o s e  t h e  hi gh­

current al arm c ont act s .  Current drop s to zero i n  the 

P M- 2 3  relay monitoring c o il to  c l o s e  the low- current 

alarm contacts.  

If  t h e  pilot  wire  should be o p ened and reclosed 

with rever s ed connections w h e n  t h e  PM-23 r e l ay is  

i n  servic e ,  the al arm contact ( 2 )  i n  the PM- 2 3  d ro p s  

out.  The alarm contact droppi n g  out s h u n t s  t h e  trip 

u n i t  co i l  ( 3 ) ,  and p r e v e nt s  t h e  t r ip unit contact ( 3 )  

fro m  operat i n g  momentarily. T h e  trip uni t cont act i s  

prevented from operating b e c au s e  the c ap aci tor at t h e  

sending e n d  d i s c h ar g e s  through t h e  pilot w i r e  and 

the trip u n i t  ( 3 )  circu i t .  T h i s  will have no effect o n  

r e m o t e  trip op erati o n .  

T h e  c urrent  d e cr e a s e s  i n  both s e n d i n g  and r e­

ceiving end •relays w h e n  the P M- 2 ,  or P M - 4  relay s  

a r e  u sed.  L ow current  alarm contacts clo s e .  

Grounds 

T h e  voltage-divider c i r c u i t  o f  t h e  P M A , P M D ,  

and P MG- 1 3  s o u r c e  relay s  h a s  i t s  m idpoint grounded 

through a current- l i m i t i n g  re sistor .  Thu s ,  a pil ot--w i r e  

ground w i l l  cause a n  i n c r e as e  in current i n  o n e  coil 

circuit ,  and a decrease in the other one. This un­

bal an c e  i n  the current flowing through the two wi nd­

i ng s  ( 5) of the ground alarm rel ay unit will c a u s e  i t  

t o  c l o s e  one o f  i t s  contacts ( depe n di n g  o n  w h i c h  p i l o t  

w i r e  i s  ground ed) to g i v e  an alar m .  G r o u n d s  o f  1 0 , 00 0  

o h m s  o r  l e s s  will  be d e t e c t e d .  
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TY P E  PM MON I TO R I N G  R E LAYS 

F o r  adding the s e n sitive ground d etection where 

PMA- 1 ,  PMD- 1 ,  o r  P M- 1 3  relays have been in stalle d ,  

t h e  PM- 5 rel ay c an be added t o  the circuitry, a s  

shown i n  figure 2 4 .  T h i s  relay also h a s  a 1 0 , 000-ohm 

ground sen sitivity . 

Tran s ferred Tri p p i n g  

Br eak ers located a t  t h e  PMG- 1 3  or P M- 1 3  and 

PM- 3 or P M- 2 3  stations can be tripp e d  by the appli­

c ation of a d- e voltage to the pilot wires at remote 

locati o n s ,  as shown i n  figure s  2 1  to 27.  Transferred 

tripping can be effected from any location by apply­

ing 48 volts d-e ( th rough dropping r e s i stors when re­

qui red) to the p ilot wire with polarity oppo site to 

that of the monitoring vo ltage. Wh en tripping the PM 

- 2 3 ,  the current is i n creased above 2 . 0  rna,  in reverse 

direction ,  to clo s e  the trip contact.  When tripping 

the PMG- 1 3  or PM- 1 3 .  the reversed d .  c. voltage oper­

ates t h e  trip unit ( 3) .  

see Tabl e s  I I  and I I I  for tripping resi stor value s. 

Nominal trippi n g  currents i s  5ma.  at all rated voltages.  

Po l a r  U n i t  

P olar unit flux paths are shown i n  fi gure 1 .  With 

bal anced ai r gap s ,  p ermanent magnet flu x  fl o w s  in 

two path s ,  one through the front,  and one through the 

rear gap s .  This flux p roduces north and south poles,  

as sho wn . By turni ng the l eft shunt i n ,  some of the 

flux i s  forced through the armat u r e ,  m aking i t  a north 

pol e .  Thu s ,  r educing the l eft hand r ear gap will pro­

duc e a force tending to p ull the arm ature to the right. 

Similarly, r educing the right h and 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 s ending and re­

ceiving end r elays are biased to move to the left 

when the relay i s  d eenergized. The PMG- 1 3  or P M- 1 3  

and P M - 2 3  trip unit  co ntact i s  biased to move to the 

left when the relay i s  d e energized. The PM- 5 is 

adj usted so that the moving contact floats when the 

relay i s  deenergized. 

C H A R A C T E R ! S T I  C S  
Nomina l  C a l i brat ion Va l ue s  

Nominal current val u e s  t o  clo s e  contacts are 

listed in Tabl e s  I V  and V .  

Vo l tage Rati n g s  

Supply voltage r atings o f  the monitori ng source 

4 

relays to o btain continuou s monitoring current are 

as follo ws:  

DC - 48 , 1 25 ,  and 250 volts 

AC - 120 volts,  60 cycl es ( P rimary taps 1 0 0 ,  

1 1 0 ,  1 20 & 1 30) 

Voltage impressed o n  the pilot wi r e  i s  a nomi nal 

20 volts for monitoring, and 48 volts for tripp ing.  

Supply voltage r atings to obtain remote trippi n g  

a r e :  4 8 ,  1 2 5 ,  and 250 volts d- e .  

Co i l  Resi stan c e  { e a c h  w i n d i ng) 

Alarm coil ( 1)  

two terminal line 1 0 50- 1 2 50 ohm s 

three terminal line 7 0 0- 9 0 0  o hm s  

Alarm coil ( 2) 2 200- 2600 ohms 

Trip coil ( 3) 1 800-2200 ohms 

Ground Alarm coil ( 5 )  5 200- 5800 ohms 

PM-4 and PM-23 Resi stance 

Nom inal PM- 4 a n d  PM- 2 3  total r e sistan c e  when 

adj usted for servi ce i s  2 0 , 0 0 0  ohms l e s s  p ilot wire 

loop resistance at 1 rna. 

PMA, PMA- 1 and AC PMG- 1 3, PM- 1 3  B u rden 

0. 5 VA at tap voltage 

1 .  0 VA at t ap voltage 

Recti fi e r s  

2-terminal line relay 

3- terminal l i n e  relay 

Appro ximate forward resistanc e - 560 ohms at 1 rn a  

3 0 0  ohm s a t  2 rn a  

Rating 

Continuo u s  forward 

current - amp e r e s  - 1 

Continuo u s  back 

voltage - rms volts - 200 

Remote Tri pp i n g  

Remote trip r e s i stors ar e li sted i n  Table II  and 

III for 4 8 ,  1 25 ,  and 250 volts d- e .  

The rel ay s  h ave sufficient thermal capacity to 

withstand 20 MA d- e conti nuously when remo t e  trip­

ping. N ominal trip currents in the tripp i n g  relay s  ar e 

5 . 0  M A  d-e with 4 8 ,  1 2 5 ,  and 2 50 volts d- e supply 

and a 2000-ohm pilot w i r e .  
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TYPE PM MON ITORING R E LAYS 

1t L I N E  D.C.  

TABL E I I  

PMA, PMA-1, PMD, AND PMD- 1 AP PLICATIONS 
E X T E RNAL R ESISTOR S FOR D.C. R EMOTE T R I P P I NG 

(2 R EQUI R ED P E R  STATION) 

STAT ION A STATION A STAT I ON B STAT ION C 

PM-2 & PM-3 or PM-2 & PM-3 or 

T E RM I NALS VOL TAG E PMA or PMA- 1 PMD or PMD- 1 PM-23 or PM-4 PM-23 or PM-4 

2 

3 

1t L I N E  

T E RMINALS 

2 

3 

48 

1 25 

250 

48 

1 25 

250 

D . .C. 

VOLTAGE 

48 

1 25 

250 

48 

1 25 

250 

t Mounted in Relay 

1t L I N E  D.C.  

T E RM I N AL S  VOLTAGE 

2 48 

125 

250 

3 48 

1 25 

250 

t Mounted in Relay 

200 200 

3550 3550 

930() 9 300 

200 200 

2000 2000 

5600 5600 

TABL E l i l A 

PMG- 1 3  AND PM- 1 3  (D.C. SUP P LY) APPLI CATIONS 
R E SI STOR S  FOR D.C. R EMOT E TR I P P I NG 

(2 R EQUI R ED P E R  STATION) 

STAT ION A STAT ION B STAT ION C 

PM-2 & PM-3 or PM-2 & PM-3 or 

PMG-1 3  or PM- 1 3  PM-23 or P M-4 PM-23 or PM-4 

200 t 200 

2 1 20  t 2 1 20 

5600 t 5600 

200 t 200 200 

1500 t 1500 1500 

4000 t 4000 4000 

TA B L E  I I I B  

PMG- 13 AND PM- 13 (A. C. SUPP LY) AP PLICATIONS 

(2 R EQUI R ED P E R  STATION)  
R ESISTO RS FOR D.C. R EMOT E T R I P P I N G  

STAT I ON A STAT I ON B STATI ON C 

PM-2 & PM-3 or PM-2 & PM-3 or 

PMG- 1 3  or PM- 1 3  PM-23 or PM-4 PM-23 Of PM-4 

200 t 200 

2 1 20 t 2 1 20  

5600 t 5600 

200 t 200 200 

1500 t 1 500 1500 

4000 t 4000 4000 

I .L. 41 -973.5E 

TO O P E RA T E  

PM- 23 o r  PM- 3 
" 

" 

. .  

" 

" 

TO OP E RATE 

PMG- 13 or PM- 1 3  

and PM-23 or PM- 3  

, 

" 

. .  

. .  

" 

TO O P E RAT E 

PMG- 1 3  or PM- 13 

and PM- 23 or P M- 3  
" 

" 

" 

. .  

" 
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TY P E  PM MON I TORING R E LAYS 

T A BL E I V  

NOMI NAL CAL I BRATION VALU ES - TWO T E RMI NAL LI N ES 

R E LAY LOW CUR RENT AL ARM l HI CU R R ENT A LA RM 2 T R I P  

PMA or PMA· 1 0 . 7  m a  

PMD or PMD- 1 0. 7 

PM-5 t 

PMG- 1 3  or PM- 13 0 .  7 t t  

PM- 23 or PM-2 & PM-3 t 0 . 7  

t Same relay as for three-terminal lines 

tt These are pil ot-wire current values 

1.3 ma 

1. 3 

± 0 . 3  

1 .  3 t t  

1 - Left-hand contacts, front view. 

2 - Right-hand contacts, front view. 

14 v. 
14 V. 

TAB L E  V 

NOMINAL CALIBRATION VALUES - TH R E E  T E RMINAL L INES  

R E LAY 

PMA or PMA- 1 • 

PMD or PMD- 1 

PM-5 t 

PMG- 1 3  or PM- 13 

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

L OW CUR R ENT ALARM 

1 . 7 rna 

1.7 

1. 7 t t  

0 . 7  

t Same relay as for two-terminal lines 

tt  These are pilot-wire current v alues 

Trip Ci rcu i t  

The main c o nt acts will safely clo s e  3 0  amp e r e s  
at 250 volts d-e a n d  the s e al-in contacts of t h e  indi­

cating contactor switch will safely car ry this  current 

long enough to trip a circuit breaker.  

The indicating c ontactor switch h as two taps 

that provide a pickup s etting of 0.  2 or 2 amperes .  To 

change t ap s  requir e s  c onnecting the  l e ad l o c ated in  

front of the tap block to the d esi red s etting by means 

of a scre w  connection. 

Ci rcu it  Con stant 

Indicating Co ntactor Switch (ICS) 

0 .  2 ampere tap 6. 5 ohms d-e r e sistance 

2 .0  ampe re tap 0 . 1 5  ohms d-e resistance 

S E T T I N G  T H E  R E L A Y  

Oper ating units o f  all relay s  are adj u sted i n  the 

factory to  the val ues  listed i n  Tables I V  and V to a 

tol eran c e  of ±5%. No s etti ngs are requi r ed on these  

units. 

6 

H I GH CURR ENT ALARM 

2. 3 rna 

2. 3 

± 0 . 3 

2. 3 t t  

T R I P  

1 4  v. 
14 v. 

For  all 48/ 1 25-volt d . c .  r el ay s ,  connect jumpers 

acro s s  resistor s as shown on the internal schemati c s . 

PM-4, PM-2, and PM-23 Rel ays 

Adj u st the resi sto r s  in  the PM- 4 .  PM-2,  or  PM-23 

relay o r  rel ay s  to a v al u e  o f  1 MA d-e with the moni­

toring circuits connected for servi c e .  Use the mil­
l i ammeter in  the P �1- 23 for this p urpo s e  or  use a 

portabl e mill iammeter with a resistance of l e s s  t han 
200 ohms.  Where it is not practi cal on three-termi nal 

lines to adj u st both receiving relay s  simultaneously,  

set o n e  rec eiving relay for  1 8 , 000 ohms total resis­

tan c e  ( including relay coil and r e si stors)  by me asu r e­

m ent prior to fi nal adjustment of the other receiving 

relay .  This procedure will minimize the change in 

monitoring current in the first r elay to b e  adjusted 

when making the final adj u stment o f  the s econd rei ay. 

PMA, PMA- 1 ,  PMG- 1 3  and PM- 1 3  Relays  

Select the transformer tap n e ar e st to expected 

normal a-c suppl y  voltage .  The full wave r ectifier i s  
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TY PE PM MON I TOR ING R E LAY S 

connect ed to a s e c o n d ary transfo r m e r  tap . Where d e­

sired , t h e  o utp ut v o l tage c an be rai s ed abo ut 5% by 

reconnecting acro s s  t h e  full s e c ondary windin g .  

I nd i cati ng Contactor Switch 

N o  s etting is r equi r e d  o n  the res u nit e x c ept t h e  

sel ection o f  t h e  0 . 2  or 2 . 0  ampe r e  tap s etti n g .  T h i s  

s e l e c ti o n  i s  m ad e  by c o n n ecting t h e  l e ad l o c at e d  i n  

front o f  t h e  tap b l o c k  t o  t h e  d e s ired s etting by m eans 

of the c o n n e c ti n g  screw . When t h e  rel ay energizes a 

typ e WL relay switch,  or equivalent .  u s e  t h e  0. 2 

amp e r e  t ap .  

I N S T A L L A T I O N  

Th e  r el ay s  s h ould be m o u n t e d  on s w.itch bo ard 

p an el s  or t h e i r  equi val ent in a l o c ati on fr e e  fro m  dirt .  

moi stur e ,  e xc es s i v e  v i brati o n ,  and h e at .  Mount t h e  

relay v e rt i c ally by m e an s  o f  t h e  fo ur m o u nt i n g  h o l e s  

on t h e  fl ange for s emi-fl u s h  m ounting or by m e an s  o f  

t h e  r ear m ounti n g  stud or s t u d s  f o r  p r o j e c t i o n  m o unt­

i n g .  E i t h e r  a mo unting stud or the mounting s c r e w s  

m ay b e  utilized for grou n d i n g  t h e  r e l ay.  T h e  e l ectrical 

connections may be mad e  directly to t h e  t ermi nals by 

m e an s  of s c r e w s  for s t e el panel m o u n ti n g  or t o  t h e  

term i n al studs furn i s h e d  w i t h  the relay f o r  t h i ck p a n e l  

mounting.  T h e  te rmi nal s t u d s  m ay b e  easily remo v e d  

o r  i n s erted b y  locking t w o  n u t s  o n  t h e  s t u d  a n d  t h e n  

tu rnin g  t h e  p r o p e r  nut with a wrench.  

For d etai l ed FT c a s e  i nformatio n ,  r efer to I . L. 

4 1- 0 7 6 .  

W h e r e  the po tenti al to g r o u n d  i m p r e s s ed o n  t h e  

relay s  c an e x c e ed 7 0 0  v o l t s ,  a d rainage r e actor i n  

conj u nction w i t h  a KX- 642 t u b e ,  o r  t h e  r e a c t o r  i n  

conj unction with 700 v o l t  carbon- b l o ck arr e s t e r s .  i s  

recommended.  For detai l s .  s e e  P r o t e c ti o n  o f  Pilot­

Wire Circu i t s ,  AlEE Committee Report. p ap e r  58- 1 1 9 0 ,  

AIFE Tran s ac ti o n s ,  1 9 5 9 ,  Volume 7 8 ,  Part I I I  B p p .  

205- 2 1 2. A l so ,  s e e  AI EE Sp ecial P u b l i c atio n S- 1 1 7 ,  

A pp l i c ations and P rotection o f  Pilot-Wire Circuits  

for  P rotective Rel ayin g ,  J uly 1 9 6 0 .  

A D J U S T M E N T S  AN D M A I N T E N A N C E  

The proper adj u s t m ents to i n s u r e  correct  opera­

tion o f  t h i �  rel ay have been m a d e  at the factory and 

should not be di sturbed after  r e c eipt by the cu stomer.  

I f  t h e  adj ustments have b e en changed,  t h e  r e l ay 

tak e n apart for r ep airs,  o r  i f  i t  i s  d e sired to c h eck t h e  

adj u s t m e nts a t  r egular m aintenance periods,  t h e  in­

structio n s  in the s u c c eedi n g  s e c ti o n s  s h o u l d  b e  

follo w ed .  

I . L .  41 -973.SE 

Acceptance Tests 

The fol l o w i n g  t e sts are r e c o m m e n d ed when the 

r e l ay is r e c ei v e d  from t h e  factory. I f  the r e l ay do e s  

not p erform a s  specifi ed b el o w ,  t h e  relay e i t h e r  i s  

not p ro p erly c al i brated o r  i t  c o n tain s  a defect.  

Indic ati n g  Co n tacto r Switch (ICS) 

Close t he c ontact o f  the trippin g  u nit and p a s s  

s uf ficient  d i r e c t  c urrent through t h e  trip c ircuit to 

clo s e  the c o ntacts of the ICS unit.  T h i s  v al u e  of 

current s h o u l d  not be greater  t h an the p articul ar res 

tap s etti ng b e i n g  u s ed ( 0 .  2 o r  2 . 0 ) .  Th e i ndi cator 

target should drop fre ely.  

PMA and PMA- 1  Rel ay s  

Alarm 'C nit 1 

set t h e  pri mary tap on 1 20 v o l t s .  Connect a v ari­

abl e re s i s to r  of app roximately 20, 0 0 0  o h m s  in seri e s  

with  a l o w-range d- e m i l l i am m e ter  acr o s s  t ermi nal s 

6 and 7 w i th t h e  i nstrument p o s itive c o n n e c t e d  to 

t ermi nal 7 .  Apply 1 20 volts at rated frequen cy to 

t ermi nal s 4 an d 5 .  Adj u s t  the 2 0 , 0 0 0 - o h m  r e s i stor to 

o bt ai n  a current o f  o n e  rn a. d. c. For a t h r e e- terminal 

l i n e  relay , u s e  a 1 0 , 0 00- o h m  r e s i sto r and s e t  the 

c u rr en t to 2 rna.  d.c.  At t h i s  val u e ,  th e moving c o n­

tact o f  t h e  alarm or m o ni t o r i n g  relay u ni t  ( 1 ) s h o u l d  

float betw e en t h e  two s e t s  o f  s t ationary contac t s .  In 

t h e  PMA relay ,  the ground al arm unit ( i)) contact 

s h o u l d  al so flo at .  ( Thi s co ntact will al so flo at when 

the relay i s  de- energi z ed . )  Increase and decreas e  

the o n e  o r  two- m i l l i ampere monitoring curr e nt to c h eck 

the c al ibration v al u e s  list ed i n  T abl e s  I V  and V.  

Ground Uni t ( 5) 

Rec o n n e ct t h e  2 0 , 0 00-ohm r e s i s t o r .  For  t h e  PM A 

r el ay only, short terminal s 7 and 3. T h e  contact of 

the g ro u n d  alarm unit ( 5) should cl o s e  to t h e right 

when th e relay is e n e rgi zed.  Remov e  t h e  s h or t ,  and 

connect i t  b e t w e en terminals 6 and 3. The ground 

alarm unit  (5)  shou l d  close to t h e  l e ft. Th e action o f  

the monitori n g  u n i t  ( 1 )  c o n t act i s  of n o  significan c e  

in t h i s  s i m u l at e d  p i l o t- wi re gro und t e s t .  To c h e ck t h e  

pickup c u rr e n t  o f  t h e  g r o u n d  d e t e c t o r ,  first  r emov e 

t h e  20, 0 0 0- o hm resistor  fro m  terminal s 6 and 7. C o n­

n e c t  a 0- 1 d. c .  milliam m e t er i n  s eries with a variabl e 

r e s istor o f  about 50, 000 o hm s  bet w e en t erminal s  3 

and 6 .  T h e gro und unit  s hould c l o s e  its l eft-h and 

contact at approxi mat ely 0 . 3  rna. d . c. With t h e  mil­

li ammeter and resistor  c o n n e ct e d  bet w e en terminals 

3 and 7,  the right- h an d  c ontact s hould c l o s e  at 0 . 3  

rna. d . c .  
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TY P E  PM MON ITORING R E LAYS 

8 

PMD and PMD- 1 

Alarm and Ground Units 

Conpect an adj us table 20 , 0 00-ohm resistor ( o r  

1 0 ,000-ohms for a 3-terminal rel ay) in  seri e s  w i t h  a 

d- e milliam m eter  across terminal s 6 and 7 with the 

instrument positive connected to terminal 7.  Appl y  

rated d- e voltag e  to terminals 8 and 9 with po sitive 

o n  t ermi nal 9 .  Now check the PMD and PMD- 1 relay s ,  
foll owing t h e  p rocedure given i n  t h e  p re vious s ection 

for the PMA and Pl\L"- 1 relay s ,  resp ectively.  Note ,  

ho wever ,  that termi nal 5 of  the  PMD relay corres­

ponds to t ermi nal 3 of the PMA r e l ay .  

and P M - 2 3  

Alarm Unit ( 2 )  

APPls a v ariabl e d- e voltag e  of app roxi m ately 

20 volts to r el ay terminals 8 and 9 ( terminal 9 po si­

tive)  of the PM-2 or P',!- 23 relay .  Adj ust the volt age 

to obtai n  a reading of  on e  m a. o n  the relay milliam­
m eter. The m o nitoring polar unit ( 2) contacts should 

flo at. Reduce the current gradually. The mo nitoring 

alarm contacts should close  at  0 .  7 ma.  d .  c .  The trip­

ping unit ( 3 )  of  t h e  PM-2 3  relay should not mov e  

during this test .  The milliammeter has been adj u sted 

to read 1 rn a. ±5%. As a result  the p ointer m ay not 

read zero for a z e ro current condition.  

Tripping Unit  ( 3 )  

To check t h e  PM- 3  relay or the trippi n g  unit of 

the PM- 2 3  relay ,  apply the v ariabl e d- e voltage in 

s eries with an external milliam m eter to relay ter­

minal s 8 and 9 with t erminal 8 po sitive for the PM-
23 relay,  or terminal 9 positive for t he 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 s hu nt resistor fru m  around the trip coil 

(3) .  

The tripping rel ay unit  ( 3 )  should pick up wit h  

posi tive action a t  1 4  volts d . c .  and s"ould drop out 

at appro ximately 10 volt s .  The alarm unit  o f  the P M-

23 relay will not op erate during this test .  

PM-4 Relay 

This de vic e is si mply a set  of resistors and a 

diode to connect into the pilot- wire c ircuit to p rovide 

a p ath for  the monitoring current. The resi stors can 

be checked with an ohmm eter, and the diode can b e  

checked either w i t h  a n  ohmmeter,  o r  as explained i n  

t h e  s ecti o n  entitled "Re ctifier  Check " under 

" Ro utine Maintenanc e" . If an ohmmeter i s  used, the 

difference in forward and reverse resi stance r e adings 

obtained will be dep endent o n  t h e  current flowing 

through the diode.  

PM- 5 Relay 

Apply 5 volts d. c. in series with a 0- 1 d . c .  m i l­

li amme ter and a 20 , 000-ohm variable r e si stor to 

t erminal s  6 and 7 with positive on t e rm inal 6. The 

left-hand contact should close at approxim ately 0. 3 

ma.  Now apply t h e  s am e  circui t  to terminals 8 and 9 

w ith positiv e  on t erminal 9 .  The right-hand co ntact  

should c l o s e  at appro ximat el y  0 .  3 ma.  

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

Alarm U nit ( 1 )  

Connect a variabl e 2 0 , 0 00-ohm resi stor ( 1 0 , 00 0  

ohms for a 3-terminal-line rel ay )  in series w i t h  a d- e 

mil l i am m eter across terminals 8 and 9 with t h e  i n­

strument p o sitiv e on terminal 9. F o r  t h e  a- c rel ay ,  

set the p rim ary t ap o n  1 20 vo l ts.  Now apply the rated 

supply voltag e  to termi n al s  4 and 5. This will be 48, 

1 2 5 .  or 250 volts  d . c . , or 1 20 volts a. c .  as indi cated 

on the relay n am eplate.  Adj ust  the variable resisto r 

to obtain a current of one ma. for a 2-terminal l ine  

relay, o r  2 ma.  for a 3- terminal relay .  At  this  v al u e ,  

the moving contac t s  of  the al arm o r  m onitoring ( 1 )  

rel ay unit ( the upp er  p olar unit) should fl oat between 

the two sets o f  stationary contacts. Increase and 

decreas e the one or 2 m a .  monitoring current to check 

the calibration v alues  l isted in Table s  I V  and V .  

Tripping Unit (3)  

To check the  op eration o f  the tripping unit  3 

( the lower  polar unit) ,  apply a d . c. potential acr o s s  

terminals 1 6  ( positive) a n d  20 (negati ve).  T h e  trip­

ping polar unit should pick up at  14  volts ,  and shoul d 

drop out at app roxim ately 1 0  volts. The r esistance of 

the s eri e s  dropping r esistor s for trans ferred tripping 
( l isted in Table s  I II A and III B)  can be checked wi th 

an ohmmeter. The circuit location of  these resi stors  

can readily be seen from the  external schematic, 

Figure 27 . 

PMG- 1 3  - A. C .  and D . C .  

Alarm and Tripp ing U nits 

Foll ow the pro cedure given in the previous s ec­

tion fo r the a- c .  and d- e. PM- 1 3  r el ay s .  

Ground Unit ( 5) 

Connect t he 20 ,000- o hm (or  1 0 , 000-ohm)  resi stor 

and milliammeter across t erminals 8 and 9. Wi t h  

rated voltage applied and one m a .  (or  2 ma. ) flowing, 

successivel y  short circuit t erminals 3 and 8 ,  t he n  3 

and 9. The gro und al arm unit 5 ( l ower polar u nit) 

s hould move first  to t he l eft , then to the r ig ht .  To 

check t h e  p ick up current of t he ground detector, 

first  r e mo v e  the 20 , 0 00-ohm resis to r  fr om terminals 

8 and 9.  Connect a 0- 1 d.  c .  mi lliammeter  i n  s eries 
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TYPE PM MON I TORING R E LAYS 

with a variable r esistor of abo ut 50 , 000 ohms be­

tween t erminal s  3 and 8.  The l e ft-hand c o ntact 
should close  at approximately 0 .  3 rna. d . c .  With the 

rr illiam meter  resistor connected , b etween t erminal s  

3 and 9 ,  t h e  right-hand contact should close at 0 . 3  

rn a. d . c .  The external schematic diagrams for these 

relays are s hown i n  Figure 2 3  and 25.  

Routi ne Mai ntenance 

CAUTION Do not mak e any p erfo rm ance check , 
-·---

cal ibration tests ,  or adjustments whil e  the PM rel ays 

ar e energized or connected to the pilot  wires,  to p re­

vent the possibility of inadvert ently causing a break 

op erati o n. The PM relay s  m ay· be removed from s er­

vic e for testing, without j eopardizing HCB relay 

p rotecti o n ,  p ro viding that the connections between 

the 1 0- mfd cap acitor and the HCB insulating trans­

fo rmer are not di sturbed. 

Contacts 

All contacts should be peri odical l y  cl eaned. A 

contact burnisher Si\' 1 8 2A8 36H0 1 is recommended for 

thi s  purp ose.  The use of abrasi v e  materi al for clean­
ing contacts is not recommended bec ause o f  the 

d anger of embe dding s mal l particles in the face of 

the soft silver and thu s impairing the contact . 

Operational Check 

· In addi tion to cleaning co ntact s ,  it is recom..: 

mended that an operatio nal . check b e  p erformed 

p eriodically by opening and s ho rt-circuiting the pilot 

wires, as well as groundi ng them at the relay ter­

minal s.  Note: These  pilot-wi r e  faults should not be 

appl i ed directly to the pilot wir e s  when the HCB re- · 

l ays are in s ervice. I t  is also reco m m ended that the 

trip circuits o f  the PM rel ay s  b e  opened ( where trip­

ping is us ed), to prevent the possibi lity · of i nadvert­
e ntly tripping the ass oci ated circuit break er during

· 

te sting. If the relays do not p erform as exp ected, and 

diode failure is suspected, the diode tests described 

in the foll o wi ng s ection may be performed.  

Rectifi e r  ( Diode) Check 

I f  there is suspicion of  a rectifi er (diode) failure,  

apply 30 volts d .c .  revers e voltage (positive on arrow­

head) through a 300-ohm resistance to the diode. 

M easure the voltage acro s s  the diode.  If thi s voltag e  

i s  n o t  ess entially 30 volts ,  the diode is short­

circui ted. N ow apply 30 volts d . c. i n  the forward 

direction through the 300�ohm resistor,  and m easure 

the voltage acro ss the resistor . If  the voltage i s  not 

essentially 30 volts, the diode may have a high for­

ward resist ance. I f  the voltage i s  zero,  the diode i s  

open-circui ted.  

I. L. 41 -973 .SE 

Cal i bration 

If the relay has been di smantled o r  the c alibra­

tion has been disturbed, use the following procedure 
for calibration.  

With the p er m an ent  magnet r em o ved ,  see that the 

m o vi n g  armature fl o at s  i n  the cent ral area of the air­

gap betw e en the p ol e s  of the p olar unit fram e .  I f  

necessary , loos en the c o r e  screw i n  the c enter rear 

of  the unit and shift the core and contact assembly 

u ntil the armature flo ats .  ( This can best b e  done wi th 

the polar unit remo ved from the rel ay . )  Then r etighten 

th e  core screw an d replace th e pe rmanent m agnet 

with the dimpl e ( north pole) on the m agnet to the l eft 

when viewed fro m the front. 

Polar Units-Gen eral 

The following m ec hanical adj ustments are gi ven 

as a guide, and some devi ati on fro m  them may be 

neces s ary to obtai n  p rop e r  electrical cal i bration.  

M agnetic Shunt Adj ustment 

The sensivi ty o f  the polar unit is adj usted by 

means of two magn eti c,  screw-type shunts at the r e ar 

o f  the unit,  as shown in Fig. 1 .  These shunt screws 

are h el d  i n  p roper adj u stment by a flat strip spring 

across the b ack of the polar unit fram e ,  so no l ocking 

screws are required.  L oo king at the relay, front view 

turnin g  out the right- hand shunt to open the ri ght­

hand air gap decreases the amount of current  requi-red 

to close the right-hand c o nt act .  Conversely, drawing 

out the l e ft-hand shunt i ncreases the amount of  c ur­

ren t required t o  close the ri ght-hand c ontact , o r  

decreases t h e  amo unt o f  current required to close the 

l e ft- hand co ntact ( with the proper direction. o f  current 
flow) .  Also . if a relay trips to the right at the prop er  

current, the dropout current can be rai se d  by turning 
i n  the right-hand shunt. The two shunt-screw adj ust­
ment s  are not i ndependent , however,  and a c ertain 

amount of trimming adjustment of bo th shunt screws 

is gen erally necessary to obtai n  the desired pickup 
and dropout cali bratior..  

In general , the farther out the two shunt screws 

are turned,  the greater  the toggle actio n  wil l  be ,  and 

as a result,  the lower the dropout current. For the 

tripping units ( 3 )  of the PM- 3,  PM- 1 3 ,  and PM- 23 re­
lay s ,  toggle action is desirable ,  with a dropout cur­

rent around 75 p ercent of the pickup current. For the 

moni to ri ng alarm relay units ,  toggl e action is not 

desired. Instead ,  the armature is adj usted to float 

between the pole fac es at a given current ( 1 or 2 
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TY PE PM MONITORING R E LAYS 

The following chart indicates the units present in e ach relay .  

Tran sfer Trip Unit ( 3) 

Alar m  for p . w. ground ( 5 )  X 

D . C .  Path for Monitoring Current 

rna.) ,  and to mov e  gradually toward the high or low­

current al arm as the coil current i s  increased o r  

o r  decreased. Si mil arly , the floating adj ustment o f  

o f  the armature o f  the ground al arm unit ( 5)  requir e s  

that both shunt screws b e  turned in r elatively far . 

Then the armature will move gradually to the left o r  

right as t h e  current through the t w o  115 coils is  

unbal anced. 

The electrical calibration of  the p olar unit is 

al so affected by the contact adju stment as this 

changes the p osition of the p olar unit armature.  Do 

not change the contact adj u stment without rech ecking 

the e lectrical calibration. 

Cont act Adj ustment - All Rel ay s  

F o r  all monitoring alarm unit s ,  de signated ( 1 )  or 

( 2 ) ,  turn in al l the stationary c ontact and contact 

stop screws until they j u s t  touch the moving c ontact. 
Advance the screws to hold the arm ature in the cen­

tral portion o f  th e  m agnetic air gap between the two 

pole fac e s .  ( Th e  station ary contact screws have a 
round silver contact fac e ;  the stop s crews do not 

have this silver facing . )  N o w  back off all the con­

tact and co ntact stop screws one full turn. This will 

give .a total contact trav el  o f  0 . 0 50 inch. When t h e  

relay is  properly c alibrated,  s o m e  touch-up adjust­

ment may be neces sary so that double contacts will 

both c lose at the sam e current value.  The contact 

gap between the flo ating moving con tact and the 

right-hand or l eft-h and stationary cont acts or contact 

stops will b e  approximately 0 .0 2 5  inch when the re­

l ay is  in  operation. 

For the tripping (3) units of the PM- 3 ,  PM- 1 3 ,  
PMG- 1 3 ,  and P M- 2 3  relay s ,  adj ust the contacts as 

de scribed in th e previous paragraph,  ex cept b ack o ff 

the co ntact and stop screws o n e-hal f  turn each to 

1 0  

PM4 PM5 PM 1 3  , PMG 1 3  PM23 

X 

X 

X 

give a total moving cont act travel o f  approx i mat ely 
0 . 025 inch . In operation of the t ripping unit, the mov­

ing contact will normal ly rest  agai n st the contact 

stop screws,  and will pick up only fo r a transferred­

tripping operatio n .  

For the pilot-wire ground al arm unit ( 5 )  of the 

PMA, PMD , PM5,  and PMG- 1 3  relays,  follow the 

same general p ro c edure e x c ept back o ff both station­

ary co ntact screws two turns e ach.  This will give a 

contact gap o f  0 . 050 on e ach side o f  the moving con­

tact when it is its norm al c entral positio n. 

E lectrical Calibration - All 

In t h e  following s ectio ns ,  the calibration in­

structions are gi ven for t h e  polar unit which p erfo rms 

a c ertai n  function,  such as al arm ( 1 )  o r  ( 2) ,  ground 
( 5 ) ,  or trip ( 3 ) ,  rather than giving calibrat ion i n­

structio ns for each c o mplete relay. In this way, con­
siderabl e duplication of in structions has been elim­
inated .  

Al arm U nit ( 

Connect t h e  relay as de scribed under Acceptance 

Tests fo r the parti cular relay invo l v ed .  Screw the two 

magnetic shunts all the w ay in, then back them out 

five turns each. With the rel ay e nergized at rated 

voltag e ,  set th e monitoring current at 1 . 3  o r  2 . 3  rna. 

d. c. for 2 o r  3-terminal rel ay r e sp e ctively, by adju st­

ing the external resistor.  If t h e  rel ay does not close 

its right-hand contact, turn in the left shunt screw 

until the right- hand contact j ust closes .  If the rig ht­

hand co ntact is clo sed at 1 . 3 rna. , turn in th e right 

shunt until a p oint is  reached when the right-hand 

co ntact is just c lo sed at 1 . 3 rna. 

Now drop the current to 0. 7 rna. and adju st the 

opposite shunt until the l eft-hand contact j u st clo se s  
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TY P E  PM MON I TOR ING R E LAYS 

at 0.7 ma. d . c .  At 1 . 0  ma. d . c . ,  the moving con tact 
should float half w ay between the two sets of station 

ary con tact s with a 0 . 0 25-inch gap on each side. Re­

check the high and low current cal ibration sev eral 

ti mes,  touching up the shunt adj u stments as requir ed 

to o bt ai n  the desi red calibration .  

Pol arization Check 

For all the source relay s ,  which are listed be­

low, m ak e  the followi n g  additional c al ibration check: 

P M A  

P MA- 1 

PMD 

PMD- 1 

PM- 1 3  ( a. c .  and d. c . ) 

PMG- 1 3  ( a . c .  and d . c . )  

After c al i bration as de scribed i n  th e previous 

s ection s,  connect a 20 , 0 00 ohm resi stor (or  1 0 , 000 

ohms for 3-term inal appli cations)  acros s  the outp ut  

terminal s .  and energize the relay at  its rat ed supply 

voltage. With these conn ecti ons ,  approxi mately o n e  

( or t w o )  milliamp e re s  d . c. will flow through t h e  

monitor relay c o i l s  and e xt ernal resi stor,  t h u s  rep­

res enting normal operating conditions.  

N o w  mome ntarily ( on e  second or s o )  apply 48 

volts  d . c. directl y  to the pi lot-wire te rminal s of the 

relay ,  as indic at ed in the following tabl e .  

Terminal s  for Mom entary Application 
of 48 v . _� 

P M A ,  P:\1A- (t 
PMD, PMD- If 
PM- 1 3  ( a. c. o r  d . c . ) l 
PMG- 1 3  ( a. c. or d. c .  )J 

POS. 

6 

8 

N EG. 

7 

9 

After momentary application of the transfer- trip 

vol t age as just e xplained,  recheck the c al ibration of 

the m onitoring alarm u nit (1 ). If  it has chan g ed ,  m ak e  

necessary trimming adj ustments o f  t h e  s h u n t  screws 

until there is no change in cal i brating of  the al arm 

unit ( 1 )  after the t ransfer-trip vol t age has been 

applied.  The purpose of thi s test i s  to compensate 

for the small residual magnetism i n  the rel ay unit.  

The ground alarm unit ( 5 )  will not be affected by thi s 

test  as the amp ere- turns of th e two winding s cancel 

each other. 

Al arm Unit ( 2 ) 

For the alarm unit o f  the PM-2 or PM- 23 relay s ,  

adj ust the shunt s so that t h e  rel ay moving contact 

I .L. 4 1 -973.SE 

flo at s  at one ma. d. c . ,  and closes the left-h and con· 

t act at 0 . 7  rna. d . c .  The mo vi n g  c ontact should flo at 
midway between the co ntact and cont act stop at 1 . 0  

rn a .  d .  c .  There is  n o  high- current cal i bration for this 

rel ay unit.  

Now apply 48 volts d .  c .  mo mentarily (one second 

o r  so)  acro ss the al arm unit c oil- circuit terminal s  in 

a direction to operate the al arm relay .  Then recheck 

the al arm unit c alibration.  If there i s  any change,  

touch up the s hunt  adj u stments u ntil  there is no 

change in cali bration afte r 48 v.  d.  c .  has been appli e d. 

Tripping U nit  ( 3) 

To calibrate the trippi ng u nit o f  the PM- 3 ,  PM- 1 3 ,  

PMG- 1 3 ,  o r  PM- 2 3  relays apply a d .  c .  voltage a s  e x­

plained belo w ,  to the fol lowing relay termin al s :  

M o mentarily ( o n e  s econd o r  s o )  apply 4 8  volts 

d.  c .  to the t erminal s  sho wn i n  the chart .  Then starting 

with both shunts all the w ay in, turn out the right­

hand shunt screw until the r el ay closes its right-hand 

trip cont act at 14 volts d. c. ( This will giv e approxi­

m ately 2 rna. through the rel ay coil . )  Now draw out  

the l eft-hand shunt until the rel ay resets  with toggle 

action ( no t  gradually) at not l e s s  than 10 volts d . c. 

When the cal ibration is  app roximat ely correct, again 

app ly 48 volts d . c. to the i ndicated terminal s ,  then 
recheck the pick up and dropout voltage, making any 
necessary t rimming adjustments of the shunts.  When 

the rel ay is  prop erly adj usted ,  the application of  48 

vol t s . d. c. will not change the pickup o r  dropout vol t­

age points.  The relay shoul d trip and reset with tog­

gle action in thi s appl icatio n .  This will require both 

shunt screws to b e  withdrawn farther than for float­

ing action. 

Ground Al arm Uni t  ( 5) 

For the PM-5 rel ay ,  turn both shunt scre ws all 

the way in, then back them out fiv e  tu rns e ach . P ass 

a current of  0. 3  rna. d. c. i n  terminal 6 and out ter­

mi nal 7 .  Following the s am e  general procedure as 

des c ribed p reviously in the section entitled " Alarm 

Unit  ( 1  ) ,  " adj ust the shunt screws so that the left­

hand contact cl oses  at 0 . 3  rna. Now pass 0 . 3  rna.  d . c. 
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in terminal 9 and out terminal 8, and adjust  for clos­

ing of the right-hand cont act at 0 . 3  rna.  Recheck both 

pickup points s everal ti m e s ,  and m ak e  trimming ad­

ju stments of both shunts as required to o btain con­

tact closing at 0 . 3  rna. d . c .  in each direction. 

For the grou n d  unit ( 5) of  the P M A ,  PMD, and 

PMG- 1 3  relays, conn ect a vari able resistance of  

abou t  50 , 000 ohms in seri e s  with a 0- 1 d.  c .  milliam­

m eter b et we en the terminals indicated in th e fo llo w­

i n g  tabl e:  

Turn the shunts all  the way in, then back them 

out five turns each. With t h e  rel ay co nnected as 

shown i n  the l eft-hand column of the t able,  app ly 

rated voltag e  to th e relay and adjust the 50 ,000-ohm 

resistor fo r 0 .3  rna. d. c.  Now follow in g  t h e  p rocedure 

in the previo u s  p aragrap h  for the PM- 5 relay, adj ust 

the shunts until the l eft- hand contact cl oses  at 0 . 3  
rna. d . c. Change t h e  connections a s  i ndicat ed i n  the 

right-hand column,  and adj ust  t h e  opposite shunt un­

til  the right-hand contact closes. Recheck back and 

forth several times and m ak e  necess ary trimming 

adj ust m ents t o  o btain pickup at 0 . 3  rna. In each 

direction .  The armatu re will m o ve gradually as the 

curren t  is changed for this relay u nit. 

res unit 

Clo s e  the m ain relay tripping contact circuit wi th 

a j umper connected directly acro s s  t h e  contact ter­

minals of the polar unit. P ass s uffici ent direct cur­

rent through the relay trip circuit t o  clqse the contacts 

of the ICS unit. This v al u e  of current should not b e  

greate r  than the ICS tap s etting being u s ed ( 0 .  2 o r  
2 . 0) .  The indi c ator target should drop freely.  Th e  

contact  gap sho uld b e  app roxim ately 0 . 047 inch be­

tw een the bridgi ng moving cont act and t h e  adj u stabl e 

stationary contact s .  Th e  bridging moving co ntact  

shoulq touch both stationary contacts simul t an eously.  

R E N E W A L  P A R T S  

Repai r  work c an be done fllOSt s atisfactorily at 

the factory . Howeve r ,  interchangeable p art s can b e  

furni sh ed to th e cu stomers w h o  are equipp ed for 

doing repair work. When o rdering part s ,  al ways gi v e  
t h e  complete n am eplat e  data. 

Ground Alarm ( 5) Calibration 

-

Relay Terminals 

Relay L.H. Contact Check R.H. Contact Check 

PMA 3 + and 6 I 3 and 7 + 

P MD 5 +and 6 5 and 7 + 

P MG- 1 3  3 +and 8 I 3 and 9 + 

+ Milliammeter positive to this terminal 
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TY PE PM MON I TORING R E LAYS ----------------------.:.;.I. L;;..;._4_1 -....;,97..;.3 . ...;..;5E 

F I G. N O .  

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

1 9  

2 0  

IN DEX TO FIGURES 

I N T E RNAL SCH EMATICS 

P A G E  N O .  

Polar Unit Permanent Magnet Flux P aths . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

PMA Relay - AC supply - two terminal l i n e  . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . .  1 4  

PMA- 1 Relay - A C  supply - two terminal line . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  
PMA Rel ay - A C  supply - thre e  t erminal lin e . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . .  1 4  
PM A- 1 Rel ay - AC supp ly - thre e  t erminal line . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14  

PMD Rel ay - DC supply - two terminal l ine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  

PMD- 1 Relay D C  supply - two t erminal l ine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .. .  1 5  

PMD Relay D C  supply - three terminal line . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  

PMD- 1  Rel ay - D C  supply - three terminal line . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .  1 5  

PM-2 relay i n  FT2 1 case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

PM-3 relay in FT 1 1  c as e . . . . . . . . . . . . .  ;. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

PM-4 relay ( auxiliary unit) . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

PM-5 ground detector rel ay . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .. .  . . . . . . .. . . . . . . . .. . . . . .  1 6  

PM- 2 3  relay i n  FT2 1 case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . . . . . . .  17  

PM- 1 3  Rel ay - DC supply - two terminal line . . . . . .  . . . . . . . . . .  . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  . . . .. . . . . .  17  

PM- 1 3  Relay - DC supply - three t erminal lin e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .. . . . . . . . . . . .  1 7  

PM- 1 3  Rel ay AC supply - two or  three t erminal lin e . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17  

PMG- 1 3  Relay - DC suppl y  - two t ermi nal l ine 1 8  

PMG- 1 3  Rel ay - D C  supply - three terminal line . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8  

PMG- 1 3  Relay - AC supply - two o r  three  termi nal line . . . . . . . . . . . .. . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . .. . . .  1 8  

E XTE RNAL SCH EMATICS 

21  PMD rel ay with PM- 23 or  PM-4, two terminal l ine . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9  

2 2  PMA rel ay w i t h  PM- 23 o r  PM-4,  t w o  terminal line . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9  

23 DC type PMG- 1 3  with PM- 23 or PM-4,  two terminal l ine . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .  20 

24 PMD relay with PM- 23 & PM-4,  three t ermi nal l ine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .  20  

2 5  A C  typ e PMG- 1 3 rel ay with  PM- 23,  two  terminal l ine .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .  2 1  

26 DC typ e PM- 1 3  & PM-5 with PM- 2 3  o r  PM-4,  two terminal l ine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1  

27 DC type PM- 1 3  rel ay with PM- 23 or PM-4 , two terminal line . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22 

OUTL I N E  & DRILL I NG P L ANS 

2 8  1 0  m fd. c ap acito r 2 3  

29 Remote trip re si stor . . . . . . . . . . . . . .. . . . . . . . . . . . . .  . .. .  . . . .  . .. . . . . . . . . . . .. .. . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23  

30 PM-4 proj e ction molded cas e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . .. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .  23  

3 1  PM- 4 semi-flush molded c ase . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .  23 

32 PM-3,  PM- 5, & PMD- 1 in  FT1 1 case . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24 

33 PM- 2, PM- 23,  PMA- 1 ,  & PMD in FT2 1 case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 5  

3 4  PMA in FT31 case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 

35 PM- 1 3  and PMG- 1 3  in FT32 case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27  
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T Y P E  PM MON I TO R I N G  R E LAYS _______________________ _ 

FU:LI. lllU£ 
llECHfi£il 

•ore:: WM�Ii IWilMU .. I.Y ElEitGilE01 CUMlMT 
fUlWIJ& Oi.!T Of TEIINIWA!. 1 AIIO Ul 

AT T£1lMIMAI. 6 TElOS TO ClOSE TN£ 
0 . 1 .  (f�OIT > lEI) COIUCTS .  

INTERHAL SCHEMAnC 

aoo n 
l t.lO i1 

IJPPEK PO!..AR UII I T  

(MOMITOil Jiihi )  

T!S f SWITCh 

TUNIKAL 

184A500 

Fig. 2. Interna l  s chematic of the type PMA relay in F T  
3 1  case - 120 vo l t, 60 cycle s upply - For two 
terminal  lines. 

FULL WAVE 
RECT I flU 

IOTEt 
IIIWI I-llY EIEIIIlED,CIIItOEIT 
FUIIIII OUT Of TEIIIIIIAl 1 ... II 
AT TE .. IIIAl 4 TEIDS TO CLOSE TIE 
1.1. (Filii riEl) COITACT1. 

UPPER POL.Aiil IJIIT 
(MO!IITOIII&) 

� · LOWER POUR Ull I 
(GROIIID )  

187Al91 
F ig. 4. Internal schematic of type PMA relay in FT 3 1  

case - 120 volt, 60 cycle supply - For three 

terminal lines. 

1 4  

FUU WAVE �·--+·�·> 
ltEtHF l ER: 

liOTE: 
.W(J IOIKALlY UUU!l£0, CUii£11 

Ft.OIIMG OUT Qf TUMtli.tl 7 AltO He 
H TEINIIiAL 5 TEtcD$ TO CLOS£ ftiE 
a . • .  (fllO.T V I EW) COM:TACTS• 

IHTEIUML SCHEMATIC 

800 D 

2120 D 

TE.ST SWI Ttlt 

- TE RH I  •. U. 

184A514 

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

FT 2 1  c ase - 120 volts, 60 cycle supply - For 
two terminal lines. 

•OTE : W!!EK •OR .. llY EO£RGIIED, CURRE•T 
FLOWUIG Our OF n:btulu 7 AMD I M  
.U TERH IMAl S TEMi>S T O  CLOSE THE 
R-6· (fROIT TIE") CO•TACTS· 

187Al92 

Fig.  5. In ternal schematic o f  type PMA- 1 relay in F T  2 1  
case - 1 20 vo lt, 60 cycle supply - For three 

terminal lines. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY P E  PM MON ITORING R E LAY S 

A-COUECT THIS LEAD AS 
SHOIIIII DOTTED FOil � 
'i' . D . C .  OPEIU.TIOII. 

t - tU.SO 0 FOil: '8/125 'i' . D.C.  RELAY 
(BYPASSED fOil: 'i-8 'i'.D.C.  OPEUTIO•. 

OM I TTED Ill  250 'i' . O . C. OPEUTIOI.) 
tt- 800 0 FOil: lf8/125 'i' � . C .  IELAY 

12000 0 FOil: 2&0 'i' . D . C .  i£LAY 

TEST SlllCN 

TERMIIAL 

184A497 

Fig. 6. Internal schematic of the type PMD relay in FT 
21 case - DC supply - for two terminal lines. 

T O  STATIOIIAIIY 
COUACTS ---=-.::::::_.:::_-__:::-

LOIIIEII POLAR UII I T  

;�-
c, �  : 
COllECT THIS LEAD AS L _ _  
SHO'Inl DOTTED FOR lj. 8  I 
'i' . D . C .  OPEUTIO•· 

t= 3UO 0 FCil i,j.8/12S 'i' . D . C .  RELAY 
(BYPASSED FOil li-8 'i' . D . C .  OPEUT I O  •• ) 

8500 0 FOR 250 'i' . D.C RELAY 

TO 

2120 0 

TEST SIII I TCH 

TERNIMAL 

184A583 

Fig. 8. Internal schematic of the type PMD relay in the 
FT 2 1  case - DC supply - For three terminal 

lines. 

TO STATIO•.UY�.-+---, 
COITACTS 

6 
COUE.CT THo IS LEA_, AS 
SHOIIIK DOTTED FOR i,j.8 
'i' . D . C .  OPERATION 

t - i,j.2SO 0 Fot lj.8/l2S 'i',il,C,  II:ELAY 
(8YPl.sSED FOR 11-8 'i' . D . C .  OPERAT ION, 
OM I TTED I N  250 'i' . D . C .  OPEUTION) 

r t - 800 0 FOil lj.8/12S 'i' . D . C .  RELAY 
12000 0 FOR 2!)0 V . D . C .  ii:E L..U 

I . L .  41 -973 .5E  

TEST SIITCN 

TEIWIIAl 

184A498 

Fig. 7. Internal s chematic of the type PMD- 1 relay in the 
FT 1 1  case - DC supply - For two terminal lines. 

TO STAT IONARY�-"<- ---, 
COIITACTS 

POLAR UN I T -

5&00 n - -- _ 

!', �  i 
CONNECT TH I S  LEAD AS L _ _ 
SHOWN DOTIED FOR �8 1 
V . D . C .  OltUAT10N 

INTERNAL SCHEMATIC 

t a n�A�S�� F�:���s v �D�C�" o:�;:i lo•l 
8500 0 FOR 250 V . D . C .  RELAY 

TEST SWITCtt 

-TUMIUL 

184A582 

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

the FT 1 1  case - DC supply - For three terminal 
lines. 
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TY P E  PM MON I TO R ING R E LAYS 

INTERNAL SCHEIIATIC 

J-+-�TUIII IIAL 
FROiff VIEW 

184A489 

Fig. 10. Internal schematic of the type PM- 2  relay in the 
F T  2 1  case. 

T'/I=>E PM-4 IMPEDANCE 

f(_-� I I ' - 1  

I 

I I 

I 
ADJU'!iTAB\..e. I 

RE'!!>!'!>TOR'S -----1 ----.! I L�� c� 
2-D-1845 

Fig. 12. Internal s c hematic of the type PM-4 A ux i liary 

Unit in the small molded cose. 

1 6  

INDIC.IT!Nil 
COIITACTill 
SWITCN 

IC$ 

184A4 

Fig. 1 1 . Internal schematic of the type PM- 3 relay in the 
FT 1 1  case. 

to 
NOVUU COitU.C.TS �+--,��.._ 

TO STHIOUR'l' co•ncrs . 

!NrtftNAL SCHEMATIC 

WI TK £(KJAL CUUEiiT FlOWfllG T�OUWl 
BOTH WiiiOI ItGS WITH lltDICATEO POLA�IlT, 
THERE I S  M:O JIIET TORi;lUE. 

T£ST SWITCH 

TEIMIIIAL 

184A501 

F i g. 13. Internal s chematic of the type PM-5 ground 
detector relay in the FT 1 1  case. 
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TY P E  PM MON I TO R I N G  R E LAYS ----------------------I ._L ._4_1 --97_3_. s_e 

JllOICATIICU 
COfiTACTOil 
SWITCti 

UPPU 
POlAR IJI I T  
I..OM ITOIIhG) 

CUJIREIIT 
TEST 
J.iCl 

TEiMIIIAL 

187A874 

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

the F T  2 1  case. 

L;.-COIIECT THiS lUO AS 
SliOIJIN OOTTEO FOI �a 
Y.O.C. OPEUTIO.· 

!.OWER. POLAR UIUT 
(TIIIPPUIG} 

IIU)ICATIIG -·········�f-1 
COIH4CTI)lt 
SWITCH 

.... . 

184A650 

Fig. 1 6. Internal schematic of the type PM- 1 3  reloy in the 

FT 32 case - DC supply - For three terminal 
l ines. 

f> -
CGa£CT nus UAD: AS ..,. oonu FOII U 
•·•�c. Of'£unoa9 

t ·  •no a :� .. �3t '· 

(IYPIIJO FH U V. 
D�C• I;'IPUATIOI. 
GltiTlU FOI 250 '· 
I.C. HLAY, ) 

tt -aGO • FOI 41/Lz• •· 
D.C. lfUY ua. a FOI .uo '· 
D.C. IILAY 

1!1 -
f<ll u/121 •·•·'· 
IELAY • IUUTOI 
I S  TAPPU AT 
100 •• 

- ·  

-au MMOLE 

TEST SWITC:tll 

··· TUtu-.L 

184A495 

Fig. 15. Internal  schematic of the type PM- 1 3  relay in the 
F T  32 case - DC supply - For two terminal 

lines. 

2 TEiiUIIl lUI£ "'I 
2UO C FOI !M/U! Y. 

o.c� aeu.Y 
$100 0 ... liO '· ��--1-r+----·t: 

O�C.iELAY 
J fEIMIUL tilE 

1500 ll FOI IJ6/t2S Y. 
ll�C. IELA'f liQDO ll FOl 2SO l. 
D.C. a£uY / 

t � COII•Etl£0 .U 
.IIJDIM DOTTED FOR l TEI:MIUI. t.IIE UU'f 

lt£0 HAMOLE 
TEST SWITCH 

TERM!IAL 

184A512 

F ig.  1 7. Internal schematic of the type PM- 13 relay in the 
FT 32 case - 120 volt, 60 cycle supply For 
two O r  three terminal lines. 
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TY P E  PM MONITORING R E LAYS-------------------------

�OttN:..:::T T h i S  LEA) A 3  
5HO-.il• ::OTTE� FOil !fa 
lf. O.�.  GPERAT I OM .  

I M D I  CA"I I M ·:O 
CON TACTOR 
3.ol TCtl 

2120 n 

1500 fOR iUit 125 'f. 
:; ,  :;, !{f LAY 

\lifU(.. fl HH 25(, i. 
0. C. iELAY 

6 -
co••EC T TtU S LE.\\.l AS 
Sl'lOW'fi JOTTEU fOR �&. 
��O.C. OP£ii:A.Tii}M· 

OIOICATIMG 
COIT4CT0lt ­
S•ITCtt 

2120 n 

sooo 0 

Z I 2C ll FOit !Ia/ 1.25 '/, 
O.C •• !l.fLAT ___. 

J5JV il f.)R 2.50 t ,  
O . C .  �f:LA¥ 

I MTERUL SCHEMATIC 

t-
10250 f) FOR lt8/ !2S �. 

O.C. IULA-Y 
( ilYPASSEO FOR 48 V. 

O.t. QPUATI OI .  
OMI TT£0 I ll  2W V. 
O�C. II£LU , )  

tt -
800 0 FOR 'f8/La V. 

O.C. UlAY 
12000 0 FOR 2W V. 

ii.C. RELAY 

l!l-
FOa �/125 V . O. C  • •  
R ELAY , RESISTOR 
IS TAPP£0 AT 
:a:�o n. 

- M I ;)OLE PUI..Ail �H I T  
(HilPPIIIhi} 

A£0 11A�t0lf 
TEST !lfi Ttli 

184A499 
Fig. 18. Internal schematic of the type PMG- 13 relay in 

the FT 32 case - DC supply - For two term inal 
lines. 

IMTERMAL SCHEMATIC 

+ 
3150 :J FOa IJ8J US V, 

D . C . il'EUY 
( BYPASSEi.i FOR lUi v. 
C!. :. OPt:U T lOK} 

8 500 i1 f(l;{ '1.50 Y. 
O. C. RElAY 

l!l -
fOii: 46/ 125 �. :J .  C. 
Rt:l. AY , iiESI STOll: 
l.i TAPPC:V 1\T 

!l -
FOk �/125 v . n . c .  
RELAY,RESI STOR 
1 5  TAPPED U 
200 r.. 

lttTERU.L SCtlE14ATIC 
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F ig. 19.  Intern al schematic o f  the type PM G - 1 3  relay in 

the FT 32 case - DC "FUpply - For three terminal 
lines. 

Fig.  20.  Internal schematic o f  the type PMG- 13 relay in 
the FT :32 case - 120 volt, 60 cycle supp ly - For 
two or three term inal lines. 
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T Y P E  PM MON I TO R I N G  R E LAYS 

tt . 200 11 • � v.�.c. 
l&§0 1l - l :ZS W , I). C. 
IJ00 ll - 2:50 V,D.C. 

,, =���;:7."­"' " •• 

Fig. 2 1 .  External schematic of the type PMD relay with type PM- 23 or PM-4 relay - Two terminal l ines. 

lfi=::::::
�
/_A_� __ '�_n_n_•_· ______________ -c:=:r----, ft fll C1 - Itt Y.IJ.C:. 2610 II' - lU f.A.,. t• 0 • 150 1'.A.C. 

120 VO!.ll 

POS. 

"ff\ 
lfU 

!! 10 

PilOT 

I • • I �--��--�+---� 

OEYICt WUMIU CltAiT 

N - HPE. "" iELJ.'f 

10 
"''· 

71tX - TYPE PM--11< Adl. !.Hi l T  
&& - TYPE ,...2l iELAY 

""A - TYPE RX·3�: "'ILL IAMME'"ER 

I . L .  41 -973 .5E 

290B246 

290B247 

Fig. 22. External schematic of the type PMA relay with type PM-23 or PM-4 relay - Two terminal lines. 
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TY P E  PM MON I TO R I N G  R E LAYS 

20 

POS.II[u, 

I 7't-B5 I ---,--
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P i lJT 

LISE E I TJIER 
6UT IIOT 6C>TI1 

s; 3 L 
-� �

-
� TRIP � .. • 

290B248 

Fig. 23. External schematic of the DC type PMG- 1 3  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 term inal l in es. 
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TY P E  PM MOt-I I T O R i t-I G  R E LAYS 

T
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Fig. 25. External schematic of the AC type PMG- 1 3  with type PM-23 relay - Two terminal lines. 
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I . L .  41 -973.SE 

290B250 

290B253 

F ig. 26. External schematic of the D C  type PM- 1 3  and PM-5 relay with type PM-23 or PM-4 relay - Two terminal lines. 
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T Y P E  PM MON I TO R I N G R E LAYS -------------------------

22 
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290B258 
Fig. 27. External schematic of the D C  type PM- 1 3  relay with type PM-23 or PM-4 relay - Twa terminal lines. 
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T Y P E  PM MONITOR I N G  R E LAY S ------------------------I . L_._4_1 -_97_3_. se 

. /�·.!J2-� F ---;;;-:-=�L--,-,q,e,...,.;;.s i.e-�� 

l84A657 
* F ig.  28.  O utline and Drilling P lan for 10 mfd. capacitor ­

For referen ce only.  

l_________ ______________ �2�6�-�D�- 5�8�8 
F ig. 30. O utline and Drilling P lan for the type PM-4 A ux­

i l i ary unit in the projection molded case. 

3� O I A .  

l 

2 HOLES 2 __J 

c' rlJ i L- .� 
Fig. 29. O utline and Drillin g  P lan for Extern al  R e mote 

trip R esistor A ssembly. 

I ' 

/ !/8 PAMEL PAlf.t. 
.T ... ____ • __ ·_· __ I--1_' _'",4r' SIS I 

11 I • 
._ .. l !f/16--. � :,___ l l/8 � 1/B R. L 7/32 l. tUX. 

l84A989 
Fig. 3 1 . O utline and Drilling P lan for the type PM-4 A ux­

i liary un it in the Semi-Flush molded case. 
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TY P E  PM MONITORING R E LAYS------------------------

24 

I !.! -1 
32 __,., 

1'-

,"----j-----'----.L*- I 

PANEL LOCATIOII 
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PROJECTIOII MTG. ---- ----
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L 1 e  STUD) 
1 6  
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i 9 1 r i D I A.IJ MOLES FO� 
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2 !� r!-'1 
32 � 

I �--r 
T

--·J.----+-� T 

PAIIEL CUTOUT & DR I LL ING 
FOR SEMI-FLUSH MTG. 

? : LOT ?LATE 511/AP} W H E N  US.E.D ON RE L A.Y (TAt!> 
10 RE.A.R.) 

14---=:..oc------- 5 � -----'� 
�--��--8-2 � �  ---.a-:-t-+---=---"7 

PAMfL DRILL I NG  OR CUTOUT FOR 
PI!OJfCT ION MTG. 

( FROMT V IEW) 

\ 
TERMI NAL 
NUMBfR 

+ 

57-D-7900 
Fig. 32. Outline and Drilling P lan for the type PM-3, PM-5, & PMD- 1 Re lays in the type FT 1 1  case. 
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TY P E  PM MON I TO R I N G  R E L AY S �����������������������
'
·_
L

._
4
_
1 -_

n
_

3
�
�E 

D I A. 

TEIMIIIM. MD 
MOUlT Ill D£1'AJ U 

9 
It 

f D I A. I O 1101.£! 01 CUT OUT 

,..._ S �� I i ft - ! � 01 A.\ IIOLE! FOil 

2 2S -""j � 1/ . 190-32 MTG.!CIIM 
32 4- 1 

,-- - - -$- -f 
=I� 

PAIIEL CUTOUT I Dlt i U.I II  FOil SEMI FUISM MTG. 

-

�. !� . l�. l� l l� 
32 12 32 32 

PMEL Dlt i U. I M  01 Cf'f'IMIT FOR ,_,ECTUII MT8. 
(,..,. YJlW) 

TEIIUIAL liME It 

57-D-7901 

Fig. 33. Outline and Drilling P lan far the type PM-2, PM-23, PMA- 1 and PMD relays in the type FT 21 case. 
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· ·�� r-t� 32 1 6  

1 r-
- I • 

.. 

� 
- I N  -

� 
� '-

• 190-32 SCREW 

p 

� 
�· 

5 9 25 t"'- l!iJ I 2 �· � � -� 0  . l 1 '  
-I«> 

"" 

PAIIEL CUTOUT & D R I LL I IIG 
FOR SEN I • FLUSM MTQ • 

PAIIEL DR I LLI NG 011 CUTOUT FOR 
PROJECTI ON MTG. 

( FROMT V I EW) 

D I A . ll  HOLES Filii . 1 90- 3 2  MTG· SCIEWS 

TEIIN I IIAL 
IIIJIBER 

57-D-7902 

Fig.  34. O utline and Drilling P lan for the type PMA relay in the type FT 3 1  case. 
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TY P E  PM MON I TORING R E LAYS -----------------------1 -. L_. _4t--9-7 3_. s e 

· � -�� 32 

-I N 

'----J---.---.-UJ � I I  1 1  
I I  1 1  
I I  1 1  

P .. EL LOCATI ON ___ \_\ . Jl; SEMI FUJSM MTG. _\ 
P�OJECTION MTG. ------...J 

. 190-32 SC�EW 

TEIIMI IIAL AND MOUIITI IIG DETA I LS 

PANEL 

! 1 6  

PAII EL CUTOUT & DR I LL I NG 
FO� SEM I FLUSH MTG. 

PAIIEL DR I LLI�G OR 
CUTOUT F)!! PROJECT ION MTG. 

( FRlMT V I EW) 

I ' - .,.. 32 

57-D-7903 

F ig. 35. Outline and Drilling P lan for the type PM- 1 3  and PMG- 13 relays in the. type FT 32 case. 
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Westinghouse I . L .  4 1 -973. SD 

I N STA L L ATI ON • OPE R A T I O N  • M A I N TEN A N CE 

I N S T R U C T I O N S  
TYP E  PM L I N E  O F  R E LAYS FO R P I L OT- WI R E  

MO N ITO RI N G  A N D  TRANSF E R R E D  T R I P P I N G  

CAUTION B efore putting p rotective relays into ser­
vic e, remove all blocking which m ay have been i n­

serted for the purpose o f  s ecuring p arts during ship­

ment ,  m ak e  sure that all m o ving p arts op erate freely, 

inspect the contacts to see that they are cl ean and 

close prop erly ,  and operat e  the relay to check the 
s ettings and electrical connections. 

A P P L I C A T I O N  

Type PM Monitoring Relays p rovide co ntinuous 

monitoring of  a pilot- wire circuit  to detect open cir­

cuits,  short circuit s, ground s,  and wire rev e rsal. In 

addition ,  transferred tripping can be effected where 

the P M- 3 ,  P M- 1 3, P M G- 1 3  or  PM-23 relays are u sed. 

Tabl e I illustrates the functio n s  availabl e with each 

relay .  A 1 0  mfd. c apacitor is supplied with each PM 

relay .  Thi s capacitor pro vides an a-c path between 

the two halves of the insulating transformer second­

ary windings as shown i n  Figs.  2 1  through 27.  

Each circuit requires the following:  

one end to introduce 

One o f  the follo wing: 

For a-c 

P M A  

P M A- 1 
P M- 1 3  o r  P M G- 1 3  ( a . c . )  

At the other end t o  receive 

terminal 

current 

For d-e Supply ���·�·-
P M D  

PMD- 1 
P M- 1 3  or PMG- 1 3  ( d . c . )  

O n e  P M- 23 o r  PM- 2 or  PM- 4 

At the other ends to receive 

t ermin& lin� 

Two PM- 23 o r  two P M- 4  or two P M- 2  o r  any com­

bi natio n of two of these rel ays . 

C O N S T R U C T I O N  

P M  rel ays consi st of the following: 

P M A  P MA- 1 

1-Po lar Alarm Unit ( 1 )  1-Polar Alarm Unit 

SUPERSEDES I . L. 4 1-973. 5C 
*Denotes chan ge from s uperseded i ssue.  

1-Polar Ground U ni t  ( 5) 

1 -Tapped Transfo rmer 

1 - Full-Wav e  Rectifier 

3-4 mfd. Cap acitors 
1 - Set o f  Potential 

Dividing Resistors 

P M D  

1-Polar Alarm Unit ( 1 ) 

1-Polar Ground U nit ( 5 )  

2-4 mfd. C ap a ci tors 

1 -Set of  Potenti al 
Divider R esistors 

.PMG- 1 3  

1 -P ol ar Al arm Unit ( 1 ) 

!-Polar Ground U nit ( 5 ) 

1-Polar Trip U nit ( 3 )  

!- Indicating Con tactor 

Switch 

1-Set of Potential 
Divider Resistors 

1 -Tapp ed Transformer 

( A . C .  Relay o nly) 

1 - Full-Wav e  Rectifier 
( A . C .  Relay only) 

1- Blocking Rectifier 

2- Remote Trip Resi sto rs 

3-4 mfd. Cap acitors 
( A-C Relay) 

2-4 m fd. Cap acitors 

( D-C Relay )  

PM- 23 

1-Polar  Al arm Unit  ( 2) 

!-Pol ar Trip Unit ( 3) 

1- Indi cating Contactor 

Switch (ICS) 

1 -Milliammeter, 5.0 rna. 

1-Set of Adjustable and 

Fixed Resistors 

2-Blo cking Rectifiers 

1-Tapped Transformer 

1 - Full-Wave Rectifier 

1 - 4  mfd. C ap acitor 

1 -Set of P ote ntial 

Dividing Resistors 

PMD- 1 

1-Polar Alarm U nit 

1-Set of Potential 

Divider Resistors 

1- Polar Al arm U nit ( 1 )  

1- Polar Trip Unit ( 3) 

!- Indicating Contactors 

Switch 

1 -Set of Pot ential 

Divider Resistors 
1 - Tapp ed Transform e r  

( A . C .  Relay only) 

1- F'ull- wave Rectifier  

( A. C. Rel ay only) 
1-Blocking R ec ti fi er 

2- Remote Trip Resistor 

1-4 m fd .  C apacitor 

PM-2  

1 -Pol ar Alarm U ni t  ( 2) 

!-Milliammeter,  5.0 rna. 

1 -set of Adj ustabl e 

Resi stors 

1- Blocking Rectifier 
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TYPE PM MONI TOR I NG RELAYS 

PM-3 

1-Polar Trip Unit (3) 

!-Resistor 

!-Blocking Rectifier 

!-Indicating Contactor 

Switch (ICS) 

PM-4 

!-Blocking Rectifier 

1-Set o f  Adjustable & 
Fixed Resistors 

TABLE I 
I FUNCTION PMA & PMD PMA- 1 & PMD- 1 T PM- 1 3  PMG- 1 3  

Monitoring 

Current X X X X 
Source I 

Receives 

: Monitoring 

Current 

Trouble 

Alann X X X X 

Transmits 
X t X t 

Trip X X 
Signal 

Receives 

Trip X X 
Signal 

Sensitive 

Ground X X 
Detection 

Measures I l:toring 

ent 

t With External Resistors 

BALANCED A I R  �APS 

PM-5 

1-Pol ar Ground Unit ( 5) 

2-4 mfd. Capacitors 

1-Fi xed Resistor 

PM-23 PM-2 PM-3TPM-4 PM-5 

I 
X X X 

X X X 

X t X t X t X t 

X X 

X 

I 
X X 

SHUNT 

UNBALANCED A I R  GAPS 
183A062 

Fig. 1 .  Po lar Unit Permanent Magnet Flux Paths. 
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T Y P E  PM MON I TO R I N G  R E LAYS 

P o l a r  U n i t  

The p ol ar unit consi s t s  of a rectangular shaped 

magnetic frame , an electro magnet,  a p erm anent m ag­
net,  and an armature.  Th e poles of t h e  crescent 
shaped p e rmanent magnet bridge the m ag n et fram e. 

The magnetic fram e consists of three pi eces j oined 

i n  the rear  with  two brass r o d s  and silver solder .  
These n on-magnetic joints represent air gap s ,  which 

are bri dged by two adjustable m ag n etic  shunts.  The 
winding or windings are wound around a magnetic 

core.  The armature i s  fast ened to thi s core and is 

free to move in  the front ai r gap . The moving contact 

i s  connected to the free end of  a l eaf spri n g ,  whi ch ,  
i n  turn ,  i s  fastened to  t h e  armature.  

I nd i c ati n g  Contactor Switch 

The d- e indicati ng co ntacto r switch i s  a smal l 

clap p er typ e device.  A magneti c armature, to which 

leaf- spring mounted contacts are attached, i s  attracted 
to the m ag n eti c core upon energization of the s witch . 

When the switch closes ,  the moving cont acts bridge 

two station ary contacts, completi n g  the trip circuit .  

A l s o  during t h i s  o perati o n  t w o  fi ngers on t h e  arma­
ture defl e ct a spring locat ed on the front of t h e  switch,  

which allows the operation indicator targ et to drop . 
The target i s  r e s et from the outside of the cas e by a 

p u s h  rod locat ed at the bottom of the cover.  

The fro nt sp ring,  in addition to holdi n g  the tar· 

get , provides r e straint  for the armat u r e  and thus con­

tro l s  the p ickup val u e  of the switch. 

O P E R A T I O N 

P i l o t  Wi re Mon i to r i n g  

M o nitor i n g  current i s  i ntroduced into  t h e  pilot 
wire as shown i n  the external schematics ,  fi gu r e s  2 1  
t o  27 , by the moni toring current so urce.  External 
schemat i c s  showing other combinations are available 
on request .  A nominal 20 volts  i s  impressed acro s s  

t h e  1 0  rnfd. capacitor a t  t h e  left-hand l ine terminal 
in Pigu r e s  2 1  to 27 . This vol tage p roduces a current 

circu l at i n g  through one wi ndi ng of the HCB i n sulating  

trans former,  o n e  pi lot  wire ,  the  PM- 23,  PM- 2, or  PM- 4,  

and back through the other  pilot  wire and the other 

winding of HCB insulating transfo rm er. 

Adj u s tm ent of the resistors of the PM- 23,  PM- 2 
or PM-4 r elay at the othe r end of the p il o t  wire  p ro­

vides a nor m al o n e-m illiampere d - e  ci r culati ng cur­

rent .  In the c as e  of three-t ermi n al l i n e s ,  the monitoring 

source relay o utput current i s  2 rna. in order to pro-

* 

I. L. 41 ·973.50 

vide each r e cei ving end relay with  1 rna.  The alarm 
u ni t  of t h e  monitori n g  current source rel ay i s  adj u sted 

to float between the high and low current contact s 
with normal m onitoring current .  The PM- 2 3 ,  recei vi ng­

end alarm relay, is adj usted to float b etw e en the 

l o w- current ahirm contact and a contact stop with 1 
rna.  f lowing. 

Short Ci rcu i ts 

A complete or p artial short circuit on the pilot  

wires i ncreas e s  the c urrent in  t h e  current-source re­

lay ,  causi n g  t he hi gh- current al·arm contacts to clo s e .  

The resulting current decrease in  t h e  PM- 23 rel ay 

c l o s e s  the alarm contact. Short circuit s  of 5000 ohm s 
or l e s s  will be detected. 

Open Ci rcuits 

Curr ent decreases to zero in  all relay s .  Low­

current alarm cont act of t h e  current source r el ay 

clo s e s .  Alarm contact of P:\1- 2 3  relay clo ses.  

Reversed Wi res 

O n  applications using the P�.1- 23 relay, cu rren t 
increases i n  the s ending end rel ay to close the high­

c urrent al arm c o nt act s.  Current drop s to zero i n  the 

PM- 2 3  r e l ay mo nitoring coil to close t h e  l o w- current 
alarm contacts.  

If  t h e  pilot wire sho ul d  be o p ened and reclosed 

with reversed connecti o n s  when the PM-23 relay is 

in  service,  the alarm co ntact ( 2) in  the PM- 23 drop s 

out .  The al arm cont act dropping out shunts the trip 

unit coil ( 3 ) ,  and prevents the trip unit contact ( 3 ) 

from o p e r at i n g  mom entarily. The trip unit contact i s  

p revented from operati n g  becau s e  the c ap acitor at the 
sending end dischar g e s  through th e pilot wire and 

the trip unit (3) circuit.  Thi s  will hav e no effe ct on 
remote trip operation. 

The current decreases in both sending and r e­

ceiving end •relays when the P M- 2, or P:\-1-4 relay s  
a r e  u sed. Low current alarm contacts  clo s e .  

Gro un d s  

T h e  vol t age-divi der circuit o f  the PMA , PMD, 

and PMG- 1 3  source relay s  has i t s  midpoint  grounded 

through a curr ent-limiting resistor.  Thu s ,  a p i l ot- w i r e  

ground w i l l  c a u s e  an i ncrease i n  current i n  o n e  coil 

circui t ,  and a decrease in the other o n e .  This un­
balance i n  the current flowing through the two wi nd­

i n g s  ( 5) of the ground alarm rel ay unit will c au s e  i t  

to  cl o s e  o n e  of i t s  contacts (dep e nding o n  which pilot 

wire i s  ground ed) to give an alarm.  Grounds of 1 0 , 000 

ohms o r  less will  be detected.  
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TY P E  PM MON I TO R I N G  R E LAYS 

For  adding the s ensitive ground detection where 
PMA- 1 ,  PMD- 1 ,  o r  PM- 1 3  relays h av e  been installed,  
the PM- 5 rel ay c an be added to the circuitry , as 
s hown in figu r e  24. This relay also has a 1 0 , 000-ohm 
ground s ensitivity .  

1" ra�s_!e�!!�_!r:i p pi n g 

Break er s  l ocated at the PMG- 1 3  o r  P M- 1 3  and 
PM- 3 or PM- 23 stations can be tripped by the appli­
cation of  a d-e voltage to the pilot wires  at remote 
location s ,  as shown in figur e s  21 to 27.  Transferred 
tripping can be effected from any l ocation by apply­
ing 48 volts d- e ( th rough dropping re sistors when re­
qui red) to the p ilot  wire with pol arity oppo site to 
that of  the monitoring voltag e .  When tripping the PM 
- 23 ,  the current is increased above 2 . 0  rna, in reverse 
dir ection. to clo s e  the trip contact. When tripping 
the PMG- 1 3  or PM- 1 3 , the reversed d. c .  voltage oper­
ate s the trip unit ( 3 ) .  

S e e  Tabl e s  I I  and III fo r tripping re sistor values .  
Nominal tripping currents i s  5ma.  at  all rated voltag es. 

Pol ar U n i t  

Polar  unit fl ux paths are s hown i n  figure 1 .  With 
bal anc ed air gap s ,  p erman ent magnet flu x  flows in 
two p aths,  one through the fro nt , and one through the 
rear gap s .  This flu x  produces north and south pol e s ,  

a s  shown. By turning t h e  l e ft s hunt i n ,  s o m e  of the 
fl u x  is  forced through the armature,  making it a north 
pol e. Thus.  reducing the l eft h and r e ar gap will p ro­
duce a fo rce tending to p ul l  the armature to the right. 
Similarly ,  r educing the right hand gap will mak e the 
armature a south pole and produce a force tending to 
pull the armature to the l e ft. 

The alarm unit contacts of  th e s ending and re­
c eiving end relays are biased to move to the l eft 
when the rel ay is de energized. The PMG- 1 3  or PM- 1 3  
and PM- 2 3  trip u nit co ntact i s  biased to mo v e  to th e 
left when the rel ay i s  deenergized. The PM- 5 i s  
adjusted s o  that t h e  moving contact fl o ats when the 
relay is  deenergized. 

C H A R A C T E R !  S T I  C S  

Nominal  Ca l i bration Va l ues  

Nominal current values to clo s e  contacts are 
l isted in  Tabl e s  IV and V .  

Vol tage Rati ngs  

Supply voltage r atings of  the monitoring source 

4 

relays to obtain continuous monitoring current are 
as follows:  

DC - 48 , 1 25 ,  and 250 volts 
AC 1 20 volts, 60 cycl es ( Primary tap s 100 ,  

1 1 0 ,  1 20 & 1 30) 
Voltage impre s s ed on the pilot wire is  a nominal 

20 volts for monitoring, and 48 volts for tripping .  
Supply voltage rating s t o  obtain remote tripping 

are: 48,  1 2 5 ,  and 250 volts d- e.  

Coi l Resi stance (each w i nd i ng) 

Al arm coil ( 1) 
two terminal line 1 0 50- 1 2 50 ohms 
three terminal line 7 00-900 o hms 

Alarm coil ( 2) 2 200- 2600 ohms 

Trip coil ( 3) 1 800- 2200 ohms 

Ground Al arm coil  ( 5) 5 200- 5800 ohms 

PM-4 and PM-23 Res i stan ce 

Nominal PM-4 and PM- 2 3  total re sistance wh en 
adj usted for servi ce is 2 0 , 000 ohms l e ss pilot wire 
loop resistance at 1 ma. 

PMA, PMA- 1 and AC PMG- 1 PM- 1 3  Burden 

0 . 5  VA at tap voltage 2-te rm inal line rel ay 
1 . 0  VA at t ap voltage 3- terminal l ine  r el ay 

Recti fi ers 

Appro ximate forward resistance - 560 ohms at  1 m a  
3 0 0  ohms a t  2 rn a  

Rating 

Conti nuous forward 
current - amperes  

Continuo u s  back 

voltag e - rms volts - 200 

Remote Tripping 
- �------------�--�-

Remote trip resistor s  are l i sted in Table II and 

III for 48 ,  1 25 ,  and 250 volts d- c. 

The rel ay s  hav e  su fficient thermal capacity to 
withstand 20 MA d- e conti nuously when remo t e  trip­
ping. N ominal trip currents in the tripping r el ays are 
5 . 0  MA d- e with 4 8 ,  1 25 ,  and 2 50 volt s d- e supply 
and a 2000-ohm pilot wire.  
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TYPE PM MONITORING R ELAYS ---------------------';...· L_. _4 1_·9_73_. so 

1t L I N E  D.C. 

TAB L E  I I  

PMA, PMA-1, PMD, AND PMD-1 APPLICATIONS 
E X T E RNAL R ESISTORS FOR D.C. R EMOTE TR I P P I NG 

(2 R EQUIR ED P ER STATION) 

STATION A STATION A I STAT ION B STAT I ON c 
, PM-2 & PM-3 or PM-2 & PM-3 or 

T E R MINALS VOL TAGE PMA or PMA- 1 PMD or PMD- 1 PM-23 or PM-4 PM-23 or P M-4 TO O P E RATE 

2 48 

1 25 

250 

3 48 

1 25 

250 

11- L I N E  D.C. 

T E R M I NALS VOL T  AGE 

2 48 

1 25 

250 

3 48 

1 25 

250 

t Mounted in Relay 

u L I N E  D.C. 

T E RM I NALS 
2 

VOL TAGE 

3 

t Mounted in Relay 

48 

125 

250 

48 

1 25 

250 

��----�--�------- �-+-

200 200 PM· 23 or PM- 3 

3550 3550 . .  
9300 9300 " 

200 200 " 
2000 2000 " 
5600 5600 " 

TABL E l i l A 

PMG-13 AND PM-1 3 (D.C. SUPPLY) APPLICATIONS 
R E S I STORS FOR D.C. RE MOT E TR I P P I NG 

(2 R EQUIR ED PER STATION) 

STAT ION A 

PMG- 1 3  or P M- 1 3  

ST AT ION B STAT ION C 
PM-2 & PM-3 or P M-2 & PM-3 or 
PM-23 or PM-4 PM-23 or PM-4 TO OP E RATE 

200 t 200 PMG- 13 or PM- 13 

and PM- 23 or PM-3 

2 1 20  t 

5600 t 

200 t 

1500 t 

4000 t 

TABL E I I I B  

2 1 20 

5600 

200 

1500 

4000 

200 

1500 

4000 

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

(2 R EQUIR ED PER STATION) 
R ESISTOR S  FOR D.C. R EMOT E  T R I PP I NG 

STATION A STAT I ON B STATI ON C 
PM-2 & PM-3 or PM-2 & PM-3 or 

" 
" 
" 
" 
" 

P MG- 1 3  or PM- 1 3�__:P_:_M:_:_·=23=-.=or�_P:__:M�·_:_4-+-....:.P�M�-=23=-o::.:_r......:P......:M:.:...·....:.4--1L-T.:...:O::;_.;;_O_P:;;;;_E....:.R A_T_E"---
200 t 200 PMG- 13 or PM- 13 

and PM-23 or PM-3 

2 1 20 t 

5600 t 

200 t 

1500 t 

4000 t 

2 1 20 

5600 

20 0  

1500 

4000 

200 

1500 

4000 

" 
" 
" 
" 
. .  
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TY PE PM MON ITORING R E LAYS 

TABL E I V  

NOMI NAL CAL I B RATION VAL U E S - TWO T E RM IN AL L I N ES 

R ELAY 

PMA or PMA- 1 

PMD or PMD- 1 

PM-5 t 

PMG- 1 3  or PM- 13 

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

LOW CUR RENT AL ARM 
l 

0 . 7  rna 

0 . 7  

0 . 7  t t  

0 . 7  

HIGH CU R R ENT ALARM 
2 

1. 3 rna 

1. 3 

± 0 . 3  

1. 3 t t  

T R I P  

1 4  v. 
14 V. 

t Same relay as for three-termin al lines 

t t  These are pilot-wire current values 

1 - Left-hand contacts, front view. 

2 - Right-hand contacts, front view. 

TAB L E  V 

NOMINAL CAL I B R AT I ON VAL U ES - TH R E E  T E RM I N A L  L I N ES 

R E LAY 

PMA or PMA- 1 

PMD or PMD- 1 

PM-5 t 

PMG- 13 or PM- 13 

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

LOW CUR R EN T  ALARM 

1. 7 rna 

1. 7 

1. 7 t t  

0 . 7  

t Same relay as for two-terminal lines 

t t  These are pilot-wire current values 

Trip C i rcuit  

The mai n co ntacts  will s afely clo s e  30 amp e r e s  
a t  2 5 0  v o l t s  d - e  an d the s eal-in contacts of the indi­
c ating contactor switch will safely carry thi s current 

long enough to trip a circuit breaker.  

The indicating contactor switch has two t ap s  

that provi d e  a pickup s etting of 0 .  2 or  2 amperes.  To 

change t aps requi r e s  connecti ng the l ead l ocated i n  

front o f  the tap block to the d e sired s etting b y  means 

of a screw conne ction. 

Tri p Circuit
�
Con sta� 

I ndicating Contac tor S witch ( ICS) 

0 . 2  amp e r e  tap 6 . 5  ohms d-e resistance 

2 . 0  ampere  tap 0 . 1 5 o hms d-e r e sistan c e  

S E T T I N G  T H E R E L A Y  
Operati ng units  of all relay s  are adj usted in the 

factory to the val ue s  listed i n  Tab l e s  IV and V to  a 
tol eranc e o f  ±5%. No settings are requir e d  o n  t h e s e  

units.  

6 

H I GH CURR E N T  ALARM 

2. 3 rna 

2. 3 

± 0 . 3 

2. 3 t t  

T R I P 

14 v. 
14 v. 

For all  48/ 1 25- volt d . c .  r el ays,  connect jumpers 

acr o s s  resistors as shown o n  the i nter nal schemat i c s .  

PM-4, PM-2, a n d  PM-23 Rel ay s  

Adj u st t h e  resistors i n  t h e  PM- 4 ,  PM- 2, or  PM- 23 
relay or relay s  to a value of 1 MA d-e with the mo ni­

toring circuits connected for servic e .  U s e  the mil­
l iam meter in the PM- 23 for this pu rpo s e  or  u s e  a 
portable milliammeter with a r esistance of l e s s  than 

200 ohm s.  Where it  is not practical on three-terminal 

l i n e s  to adj u st both receivi n g  r el ay s  simultan eously,  

set o n e  rec eiving rel ay for 18 , 00 0  ohms total re sis­

tanc e ( including relay coil and resistors) by me asu re­

m ent prior  to fi nal adj u stment of the other receiving 

relay .  This pro c edure  will  minimize t h e  change in 
monitoring curr ent in the first  relay to be adjust e d  

when mak in g  the final adj u stment o f  t h e  second relay. 

PMA, PMA- 1, PMG- 1 3  and PM- 1 3  Relays 

Select  t he t r an sformer tap n e arest to e xp e cted 

normal a- c s upply vol t ag e .  The full  wave rectifier is  
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TYPE PM MONITORING RELAY S 

connected to a s econdary transformer tap . Whe re de­
s i red , the output voltage c an be rai s ed about 5% by 

reconnecting acro s s  the ful l  secondary winding. 

Ind icating Con tactor  Switch 

No s etting i s  required o n  the ICS unit exc ept th e 

s el ection of the 0 . 2  or 2 . 0  ampere tap setting.  Thi s 

sel ection i s  made by connecting the l ead located i n  

front o f  the tap block t o  t h e  desired setting b y  mean s  

o f  the conn e cting screw . When the rel ay en ergizes a 
typ e WL relay switch,  or equival ent , use the 0 . 2  

ampere tap. 

I N S T A L L A T I O N  

The relay s  should b e  moun ted on switchboard 

p an e l s  or  their equivalent i n  a location free from dirt. 

moisture.  excess ive v ibratio n,  and h e at. Mount the 
relay vertically by means of the fo ur mounting holes 
on the flange for semi-fl u sh mounting or by m e ans of  

the rear mounting stud or studs for proj ection mount­

i ng .  Ei ther a mounting stud or the mounting screws 

may be u ti l ized for g rounding the relay. The el ectri c al 
connections may be made directly to the t ermi nal s  by 

mean s  of s crews for steel panel mountin g  or to the 
termi nal studs furnished with the relay for thi ck panel  

mounting.  The terminal studs may be easily removed 

or i nserted by locki n g  two nuts on the stud and then 

turning the proper n ut with a wrench. 

For detai l ed FT case i nformation.  refer to I . L .  

4 1 - 076 .  

Where the potential to  g round i mpressed o n  the  

rel ays c an exceed 700 volts . a d rainage reactor in  

conju n ction with a KX-642 tube ,  or the reactor in 

conj unction with 700 volt carbon-block arresters ,  i s  

recommend ed. For detai ls ,  s e e  P rotection of  Pilot­
Wire Circuits,  AIEE Committee Repo rt, pap e r  58- 1 1 9 0 .  

'\ l E E  Transactions .  1 9 59 ,  Volume 7 8 ,  Part III  B pp . 
205- 2 1 2. A l so .  see AIEE Sp ecial Publ i c ation S- 1 1 7 ,  

Applicatio ns and P rotection of  P ilo t- Wire Circuits 
for P rotectiv e  Relayi ng,  J uly 1 9 60 .  

A DJ U S T M E N T S  A N D  M A I N T E N A N C E  

The p roper adj u stments to insure correct opera­

tion of this relay have been m ade at the factory and 

sho uld not be disturbed aft er receipt by the customer. 

If  the adj ustments have been changed,  the relay 

tak e n  apart for repairs, o r  if it i s  desired to chec k  t he 

adj ustments at  regul ar maintenance periods,  the i n­

structions i n  the succe edi ng sections should be 

fol lowed. 

I .L. 41 ·973.50 

Acceptance Tests 

The fol lowing tests ar e recommended when the 

relay is received  from the factory. If the relay does 
not perform as specified bel ow, the relay either  is  

not  p rop erly c al ibrated or  i t  contai n s  a defect . 

Indicati ng Con tacto r Switch ( ICS) 

Close the contact of the trippi ng u nit  and pas s  

sufficient direct c urrent th rough t h e  t rip c ircuit to 

close the contacts of the ICS unit. This val u e  of  
current should not be greater than the particular ICS 

tap s etting being u s ed (0.  2 or 2 . 0 ) .  The indicato r 
target should drop freely. 

PMA and PMA- 1 Rel ay s  

Al arm Unit  

Set  the primary tap on 1 20 volts.  Connect a v ari­
able resistor of appro xi mately 20,000 ohm s in series 

with a l ow-range d-e mi l l iamm eter ac ro ss termi nals 
6 and 7 with the i nstrument positive connected to 

terminal 7 .  Apply 1 20 volts at rated frequency to 

terminals 4 and 5. Adj u st the 2 0 , 000-ohrn resi stor to 
obtai n a current of one rna. d. c. For a t hree-terminal 

l ine  relay ,  use a 1 0 , 000-ohm resistor and set the 

current to 2 rna. d . c.  At th is  val u e .  th e moving con­

tact of the  al arm or monito ri n g  relay u nit  ( l )  should 
float between the t wo sets of s tationary contacts . In  

the PMA relay ,  the ground al arm u nit ( 5 )  contact 
should al so float. ( This contact will al so flo at when 

the relay is de- energi zed . )  I ncrease and decrease 

the one o r  two-mil l iampere monitoring c u rr ent to chec k  

the c al i bration values l i sted in Tabl e s  I V  and V .  

Ground Unit  ( 5 ) 

Reconnect the 20 ,  0 00-ohrn resistor. For the PMA 
relay only,  short terminals  7 and 3 .  The contact of 

the ground alarm u n it (5)  s hould cl ose to the right 
when the rel ay is energized. Remo v e  the short,  and 

con n e ct i t  between terminals 6 and 3.  The ground 

alarm unit  ( 5) sho u ld close to the left . The action of 

the monitoring u nit  ( 1 ) contact  i s  of no significanc e 
in this  simulated pi lot-wire ground test. To check the 

pick up current o f  the gro u nd detector, first remo v e  

t h e  20 , 000-ohrn resis tor from termi nal s 6 a n d  7 .  Con­

nect a 0- 1 d. c. mil l iammeter in seri e s  with a v ariable 

resistor of about 50, 000 ohms between terminals 3 
and 6. The ground unit  should cl ose i ts  l eft-hand 

con tact at approximately 0 . 3  rna. d .c .  With the mil­
l iammeter and resistor connected between termin al s 

3 and 7 ,  the right- hand cont ac t  should c l o s e  at 0 . 3  
rna. d . c. 
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TYPE PM MONITOR I NG RELAY S 

PMD and PMD- 1 

Alarm and Ground Units 

Co npect an adju stable 20 , 000-ohm resistor (or 

10 , 000-o hms for a 3-terminal relay) i n  s eries with a 

d- e milliammeter across termi nal s 6 and 7 with the 

i nstrument positi ve connected to terminal 7 .  Apply 

rated d- e voltage to terminals 8 and 9 with positive 

o n  termi nal 9 .  Now c heck the PMD and PMD- 1 relay s ,  
followin g  t h e  pro cedure given in the p revious s ection 

for the PMA and PM/1 - 1  relay s ,  respectively. Note,  

however,  that terminal 5 of  the PMD relay corres­

ponds to termi nal 3 of the P M A  relay. 

8 

PM-2,  Piv!-3,  and PM-23 Relay s  

Alarm Unit (2 )  

Apply a variable d-e voltage of approximately 

20 volts to relay t erminals 8 and 9 ( terminal 9 po si­

tive) of the PM- 2 or  P�il- 23 relay. Adj u st the volt age 

to obtain a reading of one rna. on the r elay milliam­
m eter. The monitoring polar unit ( 2) contacts should 

float. Reduce the current gradually. The monitoring 

alarm contacts should close at 0. 7 rna. d. c. The trip­

ping unit ( 3 )  of the PM- 2 3  relay should not mo v e  

during this test.  T h e  milliammeter has b e e n  adjusted 

to r e ad 1 rna. ±5%. A s  a result the pointer m ay not 

read zero for a zero current condition. 

Tripping U ni t  ( 3 )  

T o  check the P M- 3  relay or the tripping unit o f  

t h e  P M- 2 3  relay, apply the variable d-e voltage i n  
s e r i e s  w i t h  an external milliammeter to relay ter­

minal s  8 and 9 with ter minal 8 positive for the P M-
23 re lay, or terminal 9 positiv e  for the P M- 3  relay. 
When checking the p ickup of t he PM- 23 trip unit 
block open the alarm unit contacts ( 2) so as to r e­

move the s hunt resistor frum arcund the trip coil 
(3).  

The t ripping relay uni t (3) should p ick up with 

positive action at 14 volts d. c. and s" ould drop out 
at approximately 10  volts .  The alarm unit of the P M-

23 relay wi ll not op erate durin g  this test.  

PM-4 R elay 

Thi s device i s  si mply a set of resistor s and a 

diode to connect i nto the pilot- wire circuit to provide 

a path for the monitoring current. The resi stors can 

be checked with an o hm meter, and the diode c an be 

c hecked either with an ohmmeter, or as explained in 

the s ection enti tled "Rectifier Check " under 

" Routin e  Maintenanc e " .  If an ohmmeter i s  used, the 

difference in forward and reverse resi stance readings 

obtained will  be dependent o n  the current flowi ng 

through the diode. 

PM- 5 Relay �·-·-·-·-·-
Apply 5 volts d .c .  in series with a 0 - 1 d . c .  m il­

liammeter and a 20 , 000-ohm variable resi stor to 
terminal s  6 and 7 with positive on terminal 6. The 

left-hand contact should clos e  at app roximately 0. 3 

rna. N ow apply the same c ircuit to terminals 8 and 9 

with po s itive on terminal 9. The right-h and contact 

sho uld close at app roximately 0 .  3 rna. 

PM 1 3  - A . C .  and D . C .  

Alarm Unit ( 1 )  

Conne ct a variable 20 , 000-ohm resistor  ( 1 0 , 00 0  

ohms for a 3-termin al-line rel ay ) in series  w i t h  a d- e 

milliam m eter across terminals 8 and 9 with the i n­

strument posi tive  on termi nal 9 .  For the a- c relay, 

set the primary tap o n  1 20 volts .  N ow apply the rated 

supply voltage to terminals 4 and 5. Thi s  will be 48, 

1 2 5 .  or 250 volts d. c. , or 1 20 volts a. c .  as indicated 

on the relay nameplate. Adjust the variable resistor 

to obtain a current of  one rna. for a 2- terminal line 

relay, or 2 rna. for a 3-terminal r elay. At this value,  

the moving contact s of  the alarm or  monitoring ( 1)  

relay unit ( the upp er polar unit) should float b etween 
the two sets of stationary contacts.  Increase and 

decrease the one or  2 rna. monitoring current to check 

the cali bration value s  listed in Table s  IV and V. 

Tripping Unit ( 3 )  

To check the op eration o f  t h e  tripping unit 3 

(the lower polar unit) ,  apply a d. c .  pot ential acro s s  

terminal s  1 6  (positive) a n d  2 0  (n egative).  The trip­

ping polar unit should pick up at 1 4  volts, and should 
drop out at app roximately 1 0  volts. The resistance of 

the s erie s  dropping resistors for transferred tripp ing 
(listed in Tabl es III  A and III  B )  can b e  checked with 

an ohmmeter. The ci rcuit location of the se resi stors 
can readily be s e en from the ext ernal schematic, 

Figure 27. 

Alarm and Tripping Units 

Follo w  the procedure given i n  the previous s e c­

tion for the a-c .  and d- e.  PM- 1 3  relays.  

Ground Unit  ( 5) 

Connect the 2 0 , 00 0-ohm (or  10 , 0 00-ohm ) resi stor 

and milliammeter across termi nals 8 and 9 .  With 

rated voltage applied and one rna. (or 2 rna. ) flo wing, 

successively s hort circuit termi nals 3 and 8,  then 3 

and 9 .  T he ground alarm unit 5 (lower polar unit)  

s ho uld move first to the left , then to the right.  To 

check the p ickup c urrent of the ground detector, 

first remove the 20 ,000- o hm res istor from terminals 

8 and 9 .  Connect a 0- 1 d . c .  milliammeter in s eries 
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TY P E  PM MON ITORING R E LAYS 

with a var iable r es istor of about 5 0 , 000 o hm s  be­

tween t erminals 3 and 8. The l e ft-hand c o nt act 

should clo s e  at approxi mately 0 . 3  rna. d . c .  With the 

rr.illiam m e te r  resistor c onnected , between termi n al s  

3 and 9 ,  the right-hand c ontact sho uld c l o s e  at 0. 3 

rna. d . c .  The external schem atic d i agrams for these 

relay s  are s how n i n  Figure 23 and 25.  

Routin e  Mai ntenance 

CAUTION - Do not make any perfo rm an c e  check , 

c ali bration tests,  or adjustments while the PM relays 

are e nergized o r  connected to the pilot wires , to p re­

vent the p o s s i bility of inadvertently c ausing a break 

operation.  The P M  rel ay s  m ay b e  removed from ser­

vice for testi n g ,  without j eopardizi n g  HCB relay 

protection,  providing that the connections between 

the 10-mfd c ap acito r and the HCB insul ating trans­

former are not disturbed. 

Contacts 

All co ntacts should be periodically clean ed .  A 

con tact burni sher Sit l 8 2A836H 0 1 is recommended fo r 

thi s purp ose.  The use of abrasi ve m at e ri al for clean­

i ng c o n t acts is not reco mmended b ecause o f  the 

danger of e m bedding s mall particl e s  i n  the face o f  

the soft silver and thus impairi ng the contact . 

Operational Check 

I n  addi tion t o  cleaning c o ntacts ,  it  is recom­

mended that an operation al check be p e rformed 

p eriodically by opening and short-circuiting the pilot 

wire s ,  a s  well a s  gro u nding them at the relay ter­

minal s . ]'fote:  These pilot-wi re faults should not  be 

appl i ed dire ctly t o  the p ilot  wires when the HCB re­

l ay s  are in s ervice.  It is also reco m m ended t h at t h e  

trip circuits o f  the PM rel ay s  b e  opened ( wh ere trip­

ping i s  u s ed),  to prevent the po ssibi lity of i nadve rt­

ently trippi n g  the associated circuit breaker d uring 

t e s ting.  I f  the relay s  d o  not p erform as expected, and 

diode failure i s  s u spected,  the diode t e s t s  described 

i n  the followi n g  s ectio n may b e  p erformed. 

Rectifier ( Diode)  Check 

I f  there is suspicion o f  a rectifier ( diode) fai lure, 

apply 30 volts d . c. reverse voltage ( p o sitive on arrow­

head) through a 300- ohm resistance to the diode. 

M easure the voltage acro s s  th e diode. If this v oltage 

is not ess entially 30 vol t s ,  the diode is sho rt­

c ircuited. Now apply 30 volts d . c. i n  the forward 

direction through the 300c ohm resistor,  and measure 

the voltage acro s s  the resistor.  I f  the voltage is not 

e s sentially 30 volts, the dio d e  may have a high for­

ward resist ance.  If the voltage i s  zero, t h e  dio de i s  

open-circuited. 

I .L.  41 -973 • .50 

Cal i bration 

I f  the relay has been d i sm antled o r  the c al ibra­

tion has been di sturbed, use the following procedure 

for calibration.  

With the p erm anent m agnet remo ved,  s e e  that the 

moving armature fl o at s  in the c entral area o f  the air­

gap between the p o l e s  of the polar unit fram e .  I f  

necessary , l oo s en the core s c r e w  i n  the c e n t e r  rear 

o f  the unit and s hift the core and contact a ssembly 

until the armature fl o at s .  ( Thi s c an best be done w i th 

the polar unit remo ved from the rel ay . )  Then r etighten 

the core screw and replace the p erm an ent magnet 

with the dimpl e ( north pole)  o n  the m agnet to the l eft 

when viewed fro m the front.  

Polar Units-General 

The following m echanical adju stm ents are given 

as a guide,  and some deviation from them may b e  

necessary to obtain p rop er electrical calibration.  

Magnetic Shunt 

The sen sivity o f  the pol ar unit i s  adj usted by 

m e ans o f  two magnetic, s c rew-type shunts at the rear 

of the unit ,  as shown in Fig.  1 .  The s e  shunt scre w s  

are h eld i n  p roper adj ustm ent b y  a flat strip spring 

acro ss the back of the polar uni t  frame ,  so no locking 

screws are required. Looking at the relay, front view 

turning out the right-hand shunt to open the ri ght­

hand air g ap decrease s  the amount of current requi·red 

to c l o s e  the right-hand c o nt ac t .  C o nv ersely, drawing 

out the l eft-hand s h u nt i ncreas e s  the amount of c ur­

rent required to c l o s e  the ri ght-hand c ontact , or 

d ecreases t h e  amo u nt of current required to c l o s e  the 

l e ft-hand contact (with the proper direction of current 

flow).  Also , if a rel ay trip s  to the right at the prop er 

current, the dropout current can be rai sed by turning 

i n  the right-hand shunt.  The two shunt- s crew adjust­

ments are not i ndependen t , h ow ever, and a certain 

amount of trimming adj u st m e n t  of bo th shunt screws 

i s  generally necessary to o bt ai n  the d esired p i c k up 

and dropout c al i bration.  

In general , t h e  farther out the two shunt  screws 

are turned,  the great er the toggle action wil l  be,  an d 

as a r e sult , the l o w er the dropout c urrent. For the 

tripping units (3)  o f  t h e  P M- 3 ,  PM- 1 3 ,  and P M- 2 3  re­

l ay s ,  toggle actio n  is de sirable ,  w i th a dropout cur­

rent around 7 5 p erc ent of the pick up current. For the 

m o n i tori ng alarm relay units, toggl e action is not 

desired. I n st e ad ,  the armature is adj u st e d  to fl oat 

between the pole face s  at a given c urrent ( 1  or 2 
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TY PE PM MON ITORING R E LAYS 

The following c h art indicates t h e  u n i t s  present i n  e a c h  relay. 

FUNCTION 

AND UNIT 

A larm for p.  w. open, s hort o r  reversal 

( 1 )  ( 2 )  

Transfer - Tr i p  Unit ( 3 )  

Alarm f o r  p .  w. ground ( 5 )  

Monitoring Current 

X 

rn a . ) ,  and to m o v e  g radually tow ard the high or low­

current al arm as the coil  current is i ncrease d  o r  

o r  decreased. Sim i l arly, t h e  floati ng adj ustment o f  

o f  the armatu re o f  t h e  ground alarm unit  ( 5 )  requires 

that both shunt screw s b e  turned i n  relati v el y  far. 

Then the armature w i ll move gradually to the left o r  

right as t h e  current through t h e  t w o  #5 coils i s  

u nbal anced.  

The electrical cali brati on o f  the polar unit  is 

also affected by the co ntact adjustment as this 

changes the p osition of the p o lar unit  armature.  D o  

not chan g e  the contact adj u st m e n t  without rech ecking 

the electrical cal i br ation.  

Contact A dj ustment - All Relays 

For all monitori n g  alarm units,  d e s i gnated ( 1 )  or 

( 2 ) ,  turn in all the stationary c ontact and contact 

stop screws until t h ey just  touch the moving contact. 

Advance the screw s to h o ld the arm ature in the c en­

tral portion of the m agneti c  air gap b e tw een the two 

pole fac e s .  ( The stationary contact screws have a 

round silver  c ontact face ;  the stop screws do not 

have this silver fac i n g . )  Now b ac k  off all the con­

tact and contact stop screws one full turn. This w ill 

give .a total contact trav e l  o f  0 . 0 5 0  inch. When the 

relay i s  p roperly c alibrated , so me touch-up adjust­

m e n t  may b e  n e c essary so that double c ontacts will  

both close at the same current valu e .  The co ntact 

gap b etween the floati ng mov i n g  contact and the 

right-hand o r  l eft-hand stati o n ary contac ts or c ontact 

stops will be approxim ately 0 . 0 2 5  inch when the re­

l ay i s  in operat i o n .  

For the tripp i n g  ( 3 )  u n i t s  o f  the PM- 3, PM- 1 3 ,  

PMG- 1 3 , and P M- 2 3  relays, adj ust the contacts a s  

d e sc ri b e d  i n  th e previous p aragraph,  ex cept b a c k  o ff 

the contact and stop screws o n e-half t u rn each to 

10  

X 

X 

X 

giv e a total moving contact trav el of approxi mately 

0 . 0 2 5  inch. In op eration o f  the tripping u n i t, the m o v­

i n g  contact will  normally rest agai nst the contact 

stop screws,  and will pick up o nly for a tran s ferred­

tripping operati o n .  

F o r  t h e  pilot-wire ground alarm unit  ( 5) o f  the 

P M A ,  PMD, PM5, and PMG- 1 3  relays. follow the 

same general p ro c edure e x c ep t  back o ff both statio n­

ary contact screws two turns each.  This will  give a 

contact g ap of 0 . 050 on e ach side of t h e  moving c o n­

tact when i t  is its  normal c entral positi o n .  

E l ectri cal Cal ibration - A l l  Relays 

In the following secti o n s ,  the calibration in­

structions are gi v en for the polar unit  which p erforms 

a c ertain functio n ,  such as alarm ( 1 )  or  ( 2 ) ,  ground 

( 5 ) ,  o r  trip ( 3 ) ,  rather than g i ving calibration i n­

structions for each complete relay . In thi s w ay,  con­

siderabl e duplication o f  i n structions has been elim­

inated. 

Alarm U ni t  1)  

Connect the relay as d e scribed under Acc eptanc e 

Tests for the parti c ular rel ay involv ed. screw t h e  two 

magn etic shunts all the w ay in, then back them o u t  

fi ve turns each. W i t h  t h e  rel ay en ergized at rated 

voltage, set the m o ni to rin g  current at 1 . 3  o r  2 . 3  rna. 

d.  c. for 2 o r  3- terminal r el ay resp ecti vely, by adj u st­

ing the external resistor.  If the relay do e s  not close 

its right-hand co n tact,  turn i n  the l eft shunt screw 

u ntil the right-hand contact j ust clo s e s .  I f  the right­

hand contact is clo sed at 1 . 3  rna. , turn in the right 

shunt until a p o i n t  is reached when the right- hand 

co ntact is j u st clo sed at 1 .  3 rna. 

Now drop the current to 0 . 7  rna. and adj ust the 

opposite shunt until the left-hand contact just closes 
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T Y P E  PM MON I TOR I NG R E LAYS 

at 0 . 7  rna. d . c .  At 1 . 0 rn a. d . c . ,  the moving contact 

sho u ld f l o at half w ay between the two set s  of station 

ary contact s wi th a 0 . 0 25-inch gap on e ach side.  Re­

check the high and low current cal i bration sev eral 

times,  touchin g  up t h e  shunt adj u stm ents as required 

to o bt ain th e desired calibration. 

Pol arization Check 

For all the source relay s ,  which are list ed be­

low . m ake th e following additional cal i br ation check : 

PMA 

PMA- 1 

PMD 

PMD- 1 

PM- 1 3  ( a. c. and d . c . ) 

PMG- 1 3  ( a . c .  and d . c . )  

Aft e r  calib ration a s  d e scribed i n  t h e  previou s 

sectio ns.  connect a 20 , 000 ohm r e s i stor ( o r  1 0 , 000 

ohms fo r 3- terminal application s )  across the outp ut 

termi n al s ,  and e nergize the relay at its rated supply 

volt ag e .  With t h e s e  conn ections,  app roximat ely o n e  

( or t w o )  milliamp er e s  d . c . w i l l  flow through t h e  

mo nitor rel ay coil s an d e xt ernal re sistor, t h u s  r ep­

r e s enting normal op erating conditions.  

Now momentarily ( on e  seco nd or so)  apply 48 

volts  d . c.  d ir e ctly to  the pilot-wire terminal s of t h e  

relay ,  as indicated in t h e  following tab le.  

PMA.  PMA- 1l 
PMD, PMD- 1f 

P M- 1 3  ( a. c. or d .  c. ) } 
PMG- 1 3  ( a. c. or d . c . )  

POS. 

6 

8 

N EG. 

7 

9 

After mom entary application of the transfer-trip 

voltage as j u st explained,  recheck the cal i bration of 

the m onitoring alarm unit ( 1 ) .  If it has changed,  m ak e  

neces sary trimming adj ustments o f  t h e  shunt screws 

until  there i s  no change in calibr ating of the alarm 

unit ( 1) aft e r  the t ransfer-trip voltage has been 

app lied . The p urpose of this t e st i s  to comp ensate 

for the small r e sidu al magnetism in the relay unit.  

The ground alarm unit ( 5)  will not b e  affect ed by this 

t est as the ampere-turns of the two windings cancel 

e ach other.  

Alar m  Unit ( 2)  

For the alarm unit o f  the PM- 2 or  PM-23 relay s ,  

adj ust t h e  shunts so that the rel ay moving contact 

I .L.  41·973.50 

floats at o n e  rn a. d . c . , and clo s e s  the l e ft- h and con­

tact at 0 . 7  rna. d . c .  The m o vi n g  co ntact should flo at 

midway between the contact and contact stop at 1 . 0  

rna.  d .  c .  There i s  n o  high- current c al i b r ation for this 

r el ay unit.  

Now apply 4 8  volts d .  c. momentarily (one second 

or so ) across th e alarm unit coil-circuit termin al s  in 

a direction to op erate the alarm rel ay.  Then recheck 

the alarm unit cal i bration. If there i s  any c h ange,  

touch up the shunt adj u s tments u ntil there i s  no 

c hang e  in calibratio n  after  48 v. d. c. has been applied.  

Tripping Unit ( 3 )  

T o  calibr ate the tripping unit o f  the PM- 3 ,  PM- 1 3 ,  

PMG- 1 3, o r  PM- 2 3  relay s  apply a d .  c .  voltag e as ex­

plained below, to the fol lo wing relay terminal s : 

Rel ays 

P:vt- 3 

P!\1- 1 3  ( a. c. or d . c . )  

P MG- 1 3  ( a. c. o r  d. 

PM- 23 8 

8 

20 

9 

9 

Mom entarily (one s econd o r  s o )  apply 48 volts 

d .  c. to the t erminal s  shown in t h e  chart. Then starting 

with both s hunts all the w ay in,  turn out  the right­

hand shunt screw until the relay closes its right-h and 

trip contact at 1 4  volts d. c.  ( Th i s  will give app roxi­

m at ely 2 rna. t hrough the rel ay coiL ) Now draw o u t  

t h e  l e ft-hand shunt until the rel ay resets w i t h  toggle 

action ( not gradually) at no t l e ss than 10 volts d . c .  

When t h e  calibration i s  approximately correct,  again 

apply 48 volts d . c. to the indicated terminal s ,  then 

recheck the pickup and dropout voltage, making any 

necessary trimmin g adj ustments of th e  shunts.  W hen 

the relay i s  prop erly adj usted,  the application o f  48 

volts . d . c. will not change the pickup or dropout volt­

age point s .  The relay should trip and r e s et with tog­

gle action in this applicatio n.  This will requi r e  both 

shunt screws to be withdrawn farther than for fl o at­

i n g  action. 

Ground Al arm U ni t  

F o r  the P:vt-5 rel ay, tum b o t h  shunt s c r e w s  all 

the w ay in, then back them out five tu rns e ach.  Pass 

a curr ent of 0.3 rna. d .  c. i n  terminal 6 and out ter­

minal 7 .  I<'ollowing the s am e  general p rocedure as 

d escribed p r eviousl y  in the s e ction entitled " Al arm 

Unit ( 1  ), " adj ust the shunt screws so that the l eft­

h and contact closes at 0 . 3  rn a. N o w  p ass 0 . 3  rna.  d . c .  
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in terminal 9 and out  terminal 8, and adjust for clos­

i ng of the right-hand contact at 0 . 3  rna. Recheck both 

p i c k up points s everal times,  and mak e  trimming ad­

j ustments of both shunts as required to obtain con­
tact closi n g  at 0 . 3  rna. d . c .  in each direction. 

For the ground unit ( 5) of the PMA, PMD, and 
P MG- 13 rel as s ,  connect a vari abl e resi stanc e  o f  

about 50 , 000 o h m s  in seri e s  with a 0- 1 d. c .  mil l i am­

meter b et ween the termin al s  i n di cated in the follo w­

i n g  tabl e: 

Turn the shunts all the way in, then back them 

o ut five turns each. With the r elay connected as 

s ho w n  in the l eft-hand column of the tabl e ,  apply 

rated voltage to t h e  relay and adjust the 50, 000- ohm 

resistor fo r 0. 3 rna. d. c. Now following the p rocedure 

in the previous p aragrap h  for  the PM-5 relay, adj ust 

t h e  shunt s until the l eft- hand contact closes at 0 . 3  

rna. d . c .  Change t h e  connections as i ndi cated i n  the 
right-hand column,  and adj ust the opposite shunt un­

til  the right-hand contact clo s e s .  Recheck back and 

forth several tim e s  and m ak e  nece ssary trimming 

adj ustm ents to obtain p i ckup at 0.3 rna. In each 

direction. The armature will move gradually as th e 

current i s  changed for th is relay unit. 

res Uni t  

Clo s e  the main relay tripp ing contact circuit with 

a jumper connected directly acro s s  the contac.t t er­

minals of the polar unit.  P ass suffici ent direct cur­

rent thro ugh the relay trip ci rcuit to clq s e  the co ntacts 

of the res unit. Thi s val u e  of c urrent should not be 

greater than the res tap setting being used ( 0 . 2 or 
2 . 0). The indicator target should drop freely. The 

contac t  gap sho uld be approximately 0 . 047 inch be­

tween the bridging moving contact and the adj u stab l e  

stationary co ntact s .  Th e bridging moving contact 
should touch both stationary cont acts simul tan eously.  

R E N E W A L  P A R T S  

Repair work c an be done most sati sfactorily at 

the factory . How eve r ,  i n terchangeabl e p arts can be 

furni sh ed t o  the customers who are equipp ed for 

doi n g  rep ai r  wo rk.  When orderin g  p arts, alw ay s give 
the complete nameplate data. 

Ground Alarm ( 5) Calibration 

Relay Terminals 

Relay L . H. Contact Check R.H. Contact Check 

PMA 3 + and 6 

I 
3 and 7 + 

PMD 5 + and 6 5 and 7 + 

P MG- 13 3 +and 8 3 and 9 + 
-

+ Milliammeter positive to this t erminal 
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FIG. NO. 
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I N DEX TO F I GURES 

I N T ERNAL SCH EMAT ICS 

PAGE NO. 

P o l ar Unit P ermanent Magn et Flux Paths . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

PMA Relay - AC supply - two t ermi nal l i ne . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .. . . . . . . . . .  1 4  

PMA- 1  R el ay - A C  supply - two termi n al l in e . . . . . . . . . . . . . . . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  
PMA Rel ay - A C  supply - thr e e  t ermi nal l i n e . . . . .. . . . . .. . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . ... . . . . . . .  1 4  
P M A- 1  Rel ay - A C  supply - t hree termi nal l in e . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  1 4  

PMD R e l ay - DC supply - t wo t ermi nal li n e . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15  

PMD- 1 Rel ay - DC supply - two t ermin al l in e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  

PMD Rel ay - D C  supply - three termi nal l ine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  

P M D- 1  Relay - D C  supply - t hre e  t ermi nal line . . . . . . . . . . . . . . . . . . . .. . . . . . . .. . . . . . . . . . . .  . . . .. . . . . . . . . . . . . . . . . .  1 5  

PM-2 re l ay in FT2 1 case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

PM-3 rel ay i n FT 1 1  cas e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16  

PM-4 relay ( auxili ary uni t) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16  

PM- 5 gro und detector relay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . .  1 6  

PM-23 relay i n FT21 cas e . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . .  1 7  

PM- 1 3  R el ay - DC supply - two t ermi nal lin e . . ... . . . . . . .. . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7 

PM- 1 3  Rel ay - DC supply - thre e  termin al line . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . ... . . . . . . . . . .  1 7  

PM- 1 3  Rel ay - A C  supply - two o r  t hre e  t ermi n al l ine . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7  

P M G- 1 3  Relay - D C  supply - two t erminal l i ne . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8  

PMG- 1 3  Relay - D C  supply - thre e  t erminal l ine 1 8  

PMG- 1 3  Relay - A C  supply - t w o  o r  thr e e  termi nal l ine . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 

EXTE RNAL SCH EMATICS 

2 1  PMD rel ay with PM-23 o r  PM-4, two termi nal l i n e . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .. . . . . . .. . .. . . .. . . . . . . . . . . . .  19 

22 PMA rel ay w ith PM-23 or PM-4, two termin al line . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .  1 9  

2 3  DC type PMG- 1 3  w i t h  PM-23 o r  PM- 4 , two terminal line . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .  2 0  

2 4  P M D  relay w i th PM- 2 3  & P M- 4 ,  thr ee t ermi n al l ine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 0  

2 5  A C  typ e PMG- 1 3 relay w ith PM- 23, two termi nal l ine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1  

2 6  DC type P M- 1 3  & P M - 5  wi th P M - 2 3  or P M-4 , t wo termin al l in e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1  

27 DC type PM- 1 3  relay with PM- 23 or PM-4 , two termin al l in e . . . . . . . . . .  . . . . . . . . . . . . . . . .. .  . . . . . . . . . . . .  2 2  

OUTL I N E  & DRIL L I NG PLAN S  

28 10 mfd. c apacitor 23 

29 Remote trip re sistor . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  .... . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 3  

30 P M- 4  p roj ectio n molded c as e  . . . . . . . . . . . . . . . . .  . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 

3 1  PM-4 s emi-flu s h  molded cas e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 

32 PM-3, PM-5, & PMD- 1 in F T 1 1 cas e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 4  

3 3  PM-2,  PM- 23,  P M A- 1 , & P M D  in FT2 1 c as e . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 5 

3 4  P M A  in FT3 1 c a s e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 6  

3 5  PM- 1 3  and PMG- 1 3  in FT3 2 cas e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27 
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TYPE PM MONITOR I NG R ELAYS--------------------------

R I G.NT KAlliO --

f�>ll •A�E 
li:ECTIFIER --

t«)TE.: 

WlliJi JWRMALL Y EM£1\1.1 lED, CUIUIT 
Fl0WU6 OUT Qf TEIIUIAL 7 AU I I  
AT TEIUUUI. 6 TEIO$ T O  CLOSE THE 
II.�. (FIOitT V I E.} COIT1CT$. 

1JriT£RHAl SCHEMATlC 

LOWEA POL.J,R 011. I T  
( G!IOUtHi) 

TEST SWITCH 

TE.bUMAI. 

184A500 
F ig. 2 .  Internal schematic of the type PMA relay in FT 

31 case - 120 volt, 60 cycle supply - For two 
terminal lines. 

187Al91 
F i g. 4.  Internal schematic o f  type PMA relay i n  F T  3 1  

case - 1 20 volt, 60 cycle supply - For three 

term inal lines. 

14  

INTERHAl SCHEMATfC 

FULL •••E ---f---�+�H-.1': 
iECl l f  IEl 

TEST SWI TCH 

MOTE: 

.W(• llOilMALLY UEi-lll£0, CUitREMT 
flOWIJIG OUT ')f T(bWiAL 7 AJ{l HI 
AT TEIHIMAi. 6 fOil)$ TO CLOSE Tlll 
it.il. ( F ii:GiriT ¥ l EW) CONTACTS· 

184A514 
Fig. 3. Internal schematic of type PMA- 1 relay in the 

FT 2 1  case - 120 volts, 60 cycle s upply - For 

two terminal I i nes. 

TltAtlSFOIU4U 

MOTE: 
WHEM J(01U4ALU E'MERGIZED, (:UII:REMT 
FLOW I MG OUT OF TERfi�HtAL 7 1M:O Ul 
AI TERMIMAL 6 TEMlS TO CLOSE THE 
R · H· (F•OMT VIEW) COMTlCTS. 

POUR 11111 
(MOIITOIIIG) 

187Al92 
Fig. 5.  Internal schematic of type PMA- 1 relay in FT 2 1  

case - !20 volt, 60 cycle supply - For three 

terminal lines. 
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T Y P E  PM MON ITORING R ELAYS -----------------------' ·-L ·-"'-1 -·9_73_. s_o 

TO STA.HOMAAV 
COIITACTS ----

UPPEK PGI.AJI UIUT -f--+--1--+ 

LOWEll: POLAII: UN If -f---+·-f-+ 

A-COUECT Ttti S LEAD AS 
SttOIIIN DOTT£0 FGII 11-3 
't.O.C. OPEAATH»t. 

t � •2!)0 Q FOi U/12S f.O,(.. �U.A:Y 
(BYPASSED fOi �8 ¥.D.C. OPUAHOI. 

OMI TTED HI 2SO 't.O.C. GPEIATlQii.) 

tt- 800 il FOil: ¥-8/12!'. Y�.C. lHAY 
12000 0 FOR lSO Y.O�C. UUY 

TE$T Slfi TCM 

TEIUUUL 

184A497 

F ig. 6. Internal schematic of the type PMD relay in FT 
21 case - DC supply - for two terminal lines. 

UPPER POLAR � I T 

LOtfER POLAR UN I T  

t= 3150 0 f .. •a/US Y . D . C .  RElAY 
(&YPASSEO fOR •a Y . D . C .  OPERAT I OII . }  

8500 0 fOR 250 Y.O ,C UL.A't 

TEST SWHCK 

184A583 

Fig. 8. Internal schematic of the type PMD relay in the 
FT 21 case - DC supply - For three terminal 
lines. 

TG STATIOUIY ---.::::: 
COIH.lCTS 

6 
COtUtfCT Tttl S I.EAJ U 
SfiGwt. GQTTEI) FOR: lo68 

I 't.D.C. OPEUT IOM 

----�---=���--���� 
t - 1115cG 0 FDl "8/12S Y.i).C. ll£UY 

(&YPlsSEO fOR '+8 Y. O.C . OPERlT I ON. 
OMI TTED IN 2!l0 V.D.C. OPERATIO•) 

H - aoo n fOA 118/125 v.o.c. 1tEUY 
12000 r. fOR 2SO Y.!).C. lt£L.Af 

- lllO 0 

TfiNIIAl 

184A498 

Fig. 7. Internal schematic of the type PMD- 1 relay in the 
FT 1 1  case - DC supply - Fo r two terminol lines. 

TO STAT I OIIARY -=::::::::::: 
CONTACTS 

POlU Ultl T 

5600 [I ----

['> '  
COafiECT TiUS li.AD U 
$1'\0W OOTT£0 FOR 1.18 
Y.O.C. O'f'JtATJOK 

IHTERHAl SCHEMATIC 

t• m�.is�� f�='�is,�o�to:��:�,o•) 
8SOO D fGR 2!)0 V.O.C. R£lAY 

2120 {i 

184A582 

Fig. 9. Internal schematic of the type PMD- 1 relay in 
the FT 1 1  case - DC supp ly - For three terminal 
lines. 
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T Y P E  PM MONI TO R I NG R E LAYS------------------------

INTERNAL SCHEMATIC 

------- ��---- -

184A489 

Fig. 10. In ternal schematic of the type PM-2 relay in the 
FT 2 1  ease. 

TYPE PM-4 IMPEOANC.E 

fRONT VI EW 
2-D- 1845 

Fig. 12. Internal sehematie of the type PM-4 Avx iliary 
Unit in the small molded ease. 

1 6  

IIOICATIO& 
COITACTO& --­
SWITCW 

INTERNAL SCHE'MATIC 

r.ooo n 

..... 4!--i£0 IIUDI.f. 

�--� TUT Sill TCH 

-TUMIIIAL 

184A484 

F ig. l l . Internal sehematie of the type PM-3 relay in the 
FT l 1  case. 

---"-'"':.::"'::cN_AL SCHEMA::=T;.::IC ____ 1 

TO 
MOYIMil COJHACT$ -

TO STATIONARY 
COIIITACTS -·�--!�+-+�-1 

WI Ul £QUAL CUUEU FUJWUIG TttROUGtl 
80TH WllOIMGS WITH I.OH;U£0 POLAR ITY, 
TNERE IS NO •n TORQUE. 

FROHT VIEW 

TEST SWITCtt 

184A501 

Fig. 13. Internal schematic of the type PM-5 grovnd 
detector relay in the FT 1 1  case. 
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T Y P E  PM MON I TORING R E LAYS -------------" ----------' ·_L_. 4_1 _·9_73_. s_o 

UIDICAT UG 
CQJIUCTQa 
SWITCh �-

lOWEll: 
POlAR UIIT 
( T R I PPI,G) 

IUO Q 

INTE;RNAL SCH(WATIC 

UPPER 
- f"'Uit U li i T  

(lo4011:!TOitlhG} 

--RED IIA•DL£ 
TEST SW ITCn 

� CU!UtUIT 
TEST 
JAU 

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

the F T  2 7  case. 

L.:,-CO.JECT TKIS L.£AO AS 
SltO'IIII OOTT£0 FOi ;;a 
V.D�C. OPEIATII •• 

IJUHCATIMG 
COIITACTOII 
Slii J TCK 

IOTUUl SCHEMATIC 

fDIT VIEW 

-RED IUIIDl£ -TEst SWt TC. 

184A650 

Fig. 1 6. Internal schematic of the type PM- 1 3  relay in the 

FT 32 case - DC supply - For three terminal 
I ines. 

t:>. -
<:4MIIECT lltll U:AQ A$ 
MO!fl HTTEO fOI lt8 
V�O�C. ftUTI OII• 

\.0111£1 PIIUI Ul� T -· 
(Til .. IAI) 

llllCATIJt. r 

CC.TACTOI 
illlt)i 

IOTEI!IUl StiiDUTIC 

f -
•tso g :?:. -uu: •. 
(lf'AIIlO fO. tt W. 
o.c.. OP£till01. 
OMI TT£.0 fOI 2SO Y. 
t.c. uur.) 
t t -

100 0 fOt M/111 1. 
o.c� I£LAT 

uooo o FGI uo r. 
•�c. uur 

, _  
FO JI  U/iD W,O.C. 
lELAY, IUISTOI 
IS TAH'£0 Af 
200 o. 

184A495 

Fig. 75. Internal schematic of the type PM- 13 relay in the 

FT 32 case - DC supply - For two terminal 
lines. 

2 TEiiUUI. l!IE 
2UO D FOI U/ll!io V. 

D.C. R[LAT 
woo g fQI 260 '· 

O.C.l£1..AT 
3 TE&MIU.l liKE 
1!':00 D FOi lfi/US '1. 

P�C.tEUY I 
.000 a FOI 250 '1. , 

O�C. IEUY ,.....) 
1..01£1 POUlt \li l T  

(TII .. IIi� 

I�ICAfliiG 
ti»UClOR 
$1'1TCII 

fdll QYE 
11£CllFI£il--·� 

TRllSFOiMER �· --f-+-�· 

INTERUL SCHEMATIC 

fDIT V I EW 

A -
COllECT Till L.fJ.t U 
SHOW GOlT£0 fQI: 'I 
v.o�c. otEiiiAltOa. 

l"l-
fO!t "'as v . o.c. 
IIEL.Af , R£SIST0Jt 
IS TAPPED U 
:100 •• 

t� COIMECT£0 A$ 
StJCHIII OOTTEQ fOI 
J T£11111UL I.IME 1£lA'I 

ll:(.l) lfAIIPU. 

TEST SWITCH 

TEI)411lAL 

184A512 

Fig. 7 7. Internal schematic of the type PM- 13 relay in the 

F T  32 case - 720 volt, 60 cycle supply For 
two or  three terminal lines. 
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TYPE PM MONITOR I NG RELAYS 

JJ,Il :::CT Pl l .l  UA;J AJ 
.ihOW� JOTTE:l fCf{ � 
'i.' j, :. OPE-IUTIQii. 

III:JI CATI'I,J 
CQNT ACTO� 
3 .o l  TCit 

2120 n 

1500 D �'Oij ifBJ l2S ¥. 
). �. RELAf 

.w'OC. ii fO� 21)(. i, 
0. C. �fLAY 

c, -
COIUtECT !tUS LEAl) AS 
SKOWH iiOTTEO fOR \1<8 
'i.O.C- OPE�ATIQ •• 

I N iHCAT I IIIG 
COHTACTOK �­
SWl TCrt 

2120 fl 

e.ooo n 

2120 0 fOil: �tai i2S y, 0 O. C. ,  RfLAf __.� 
JOOV ,1 fiJI( 250 v .  

O,C. :tE.LAY 

I NTERNAL SCHEMATIC 

FROIIT YIEV 

t -
.. 2�0 fl FOil: ii-8/US '# ,  

D.C. RE.LAY 
(8'1PASSEO FOil �8 'f. 

D.C. OPW T I Oa. 
OMI HEO lit 2SO Y. 
D.C. RElA'f. ) 

tt 
800 U fOil �H$/125 Y. 

O.C� li.ELU 
12000 1'1 fOil 2$0 Y. 

O,C. M:El.U 

1!'1-
fOII lj.8/12S Y.O. C • •  
RELAY, gESI STO� 
IS TAPPED AT 
ZJO G. 

JoiiDOI.E POLAK UIIIT 
(TKIPPIN;i) 

REO KANOLE 

TEST 3111 1TCII 

184A499 
Fig. 18. Internal schematic of the type PMG- 1 3  relay in 

the FT 32 case - DC supply - For two terminal 
lines. 

I NTfRNAL SCHfNAT I C 

FROIIT YlfV 

sooo n 
,HIC:Jli: POLAR UN J T  

(TR:IPP!Ii�) 

· TEST 511'1 TCH 

- T£1!otiHAl 

184A658 

!l -
FOR g J  12S Y.O.C. 
IIELAY,RESISTOII 
IS TlPPED AT 
200 fl. 

TR.AIISFORM(ft ��-
2 TLIUU Ul l i ME 

2120 n FGII. �$/ \ 2 S  r 
G .C .  RU.U 

�Q(l rl FOil 2SO Y. 
D.C. RE.LA't 

3 TERMUIAL. t.lt!E 

UOo n ::oa i.j.&/125 v 
O.C� KELAY J 14000 0 FOR 2!10 'I. 
G.C. II:ELU 

fiiOIIT Y I £V 

!', 
COIUI(CT 1111$ LE.A!) ,>;) 
S!iOIII'M OOTTEil fOR �8 
Y , O, C .  OP£KU 1011· 

+ :::: COMMEC TEO AS SIIOWM 
DOTTED FOR 3 T£RM. 
l U I £  RElA'f' 

-�BOo n 
--2120 0 

UPPER POLU Wi l T  
(..:iKITOitllhtf 

sooo fl 

--iiH ilQlE POL.AII u•n 
(TR I � I II:ij) 

REO IIAki)L.E 

TEST S•ITCn 

TEiii�otiUl 

184A513 
Fig. 19. Internal s chematic of the type PMG- 1 3  relay in 

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

Fig. 20. Internal s chematic o f  the type PMG- 1 3  relay in 

the FT :12 case - 120 volt, 60 cycle supply - For 
two or three terminal lines. 
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TY P E  PM MON I TORING R E LAYS 

t : ' 
��-----�o�����-_JJ 

tt - £(10 (.1 - � v.o.c. 

t - St!OIT([) - II& Y.D,G. 
llcUO a 125 v.O.C. 
ONITIEC - 150 ¥ . D . C. 

tt - 800 i'l - If&/ US '1. D.C. 
12000 0 - 150 l.O.C. 

�l.�� 
7+ - TYPE PMO JtEll'f 
71U: - TYPE PM-4 AUX. !MIT 
&� - TYPE PN-U lt£1..0 

1550 11 - t� Y.O.C, 
llOO (J - 2.!4 Y.O.C. 

..... 

!f .._.�c---;#'---;K>-- Allli:M: 

IS a� 

�' I 
· lCS � TI: I P 

� ' 
MA TYPE RX·35! MILLIAMMETER 

Fig. 2 1. External schematic of the type PMD relay with type PM-23 or PM-4 relay - Two terminal lines. 

n tat o - w "·•·'-· 
SWJ Q - Ul l.lt.,. 
1100 o � ttO y.a.c • 

.6. - tll£0il.ltl!EO �1..1' 'IIINE• 
KU IIEL.t.l' IS t,�SED 

!mS!-!��� 
1� - TVPE PMA lt£LAY 
1�_. - HPE f'N.-If lUJ:. UIIT 
85 Hl'f "*"2l UUT 
MA - TYPE RX·351 MILLIAMMETER 

I .L.  41·973. 50 

290B246 

290B247 

Fig. 22. External schematic of the type P M A  relay with type PM-23 or PM-4 relay - Two terminal lines. 
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TY PE PM MONITOR ING R E LAYS 

20 

lJ. - REQtHRE!l illl.l.l' ll'riEI! 
!ICB i!.H.A1 IS L!SH 

290B248 

Fig. 23. External schematic of the DC type PMG- 13 relay with type PM-23 or PM-4 relay - Two terminal lines . 

t - Sti:OA.TED • 48 <;.D.,. 
J000 i1 � U& �.D.C. 
1100 11 - 2SO v.O.C. 

.. 

�� 
1\ ,. HP.E PMD li:UJ 

H too a - ""s v.n.c. 
2000 11 • 12� 'f. D.C. 
!toO ll - 2!10 'I.D.C. 

IS - KCB IMSUU Tl*i 
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• II 

A J:. 2 

• 

7.1 - TYPE PM-' AUX. UIIT 
IS - H P E  ,._21 1El4f 

290B249 

Fig. 24. External schematic of the type PMD relay with type PM-23 and PM-4 relays - Three terminal lines. 
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T Y P E  PM MONITOR ING R E LAYS -----------------------"L_._4_1 --97_J_. s_o 
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Fig. 25. External schematic of the A C  type PMG- 13 with type PM-23 relay - T wo terminal lines. 
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;![riC£ JU,joli£1( Cltltn Nil�---�T'fPE�:> RELAY 
7�1 - TYPE PN-'i AUX. l.oiiiT 
7lf-85 - TYPE PM-U RELAY 
S:l - TYP£ PM-2l RELAY 

1'1JS. 

., 
' 1 

lCS ..,..., � TRIP 

LJI� 
.. 
'1i 

290B250 

290B253 

Fig. 26. External schematic o f  the DC type PM- 1 3  and PM-5 relay with type PM-23 or PM-4 relay - Two terminal lines. 
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!'OS. EG. IOOTE Ti l �  
1COMTACTS 

, t • SKOITED • •& Y.D.t. 
•2so a - 12s '.D.c. 

OHI TTED • 250 Y.D.C. 

t t - aoo o - •&Ius >.o.c. 
12000 a - 250 •.o.t. 

t - 100 n - �� •.o.c. 
2120 a - us v.o.c. 
seoo o - 2so • . o.c. 

tt . 1oo a - •• •.o.c. 
2120 a - us w.o.c. 
5600 a - 2so •. o.c. 

� I  LOT 

B 
W I RE 

Ill • Mt8 lELA I I.SULA TIMil 
TUMSfOiiHU SECOMDARY 

A • IE!/II IOED OM"Y WilE• 
KCB RELAY IS USED 

DE>ItE MUNaER CIIAiT 

7�l • TYPE I'll-� AUX. UMI T  
N-85 · •  TYPE 1'11-13 IEI.AY 
85 • TYPE 1'11-23 RELAY 

POS, 

REMOTE TIIP 
COMTACTS 

290B258 
Fig. 27. External schematic of the DC type PM- 13 relay with type PM-23 or PM-4 relay - Two terminal lines. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



T Y P E  PM MONITORING R E LAYS -----------------------'-· L_. _4_1 --97_J._so_ 

r r=;�,--;1 .213 /)tA,l�ll£. 
.. G-�- -�· I� 

-9 #c�o �s -4+-J. j 
I £ ]) 

------'fn _1 
-- I"  ----1 

F ig. 28. O utline and Drilling P lan for 10 m fd. capacitor ­
For referen ce only. 

26-D- 588 

F ig. 30. O utline and D rifting P fan for the type PM-4 A ux· 
i l i ary un it  in the projection molded case. 

9 32 O IA .  2 HOL� 

I r . � .. i I 

I 
I --'-

L_ .� 
183A� 13 

F ig. 29. O utline and Drilling P lan for External R emote 
trip Res istor A ssembly. 

Fig. 3 1 .  O utline and Drilling P lan for the type PM-4 A ux­

i fiary unit in the Semi-F lush molded case. 
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I� --- . 1 90-32 SCitEW 

�/ ""' 

TEIIMI IAL  iiiD 
MOU•T I •G -DETAI LS 

5- 18 SC!!EW 16 ( FOil TH I C• 
PAIIEL USE 

L 1 s  STUD) 16 • I 90-3 2 SCI'IEW 

PAIIEL CUTOUT & DIU LLI•G 
FO« SEMI-FLUSH MTG. 

P: LOT P L ATE. SNAP I; 
ON RE L A.Y ( TAf) W HE N  USED 
';O RE. A.R..) 

f+---"".,.---- ---- 5 d __ ____,..,. 
��...,.. ___ s __ ·, Z! ...,j 

---� >.-+-+--'---7 

I 
+--+-t-+""'r---__!_ 

PANEL Dlt i LL I N G  Olt CUTOUT FOil 
PltOJECTION MTG. 

{ FitONT V I EW) 

\ 
TERI>! I NAL 
II !IMBER 

57-D-7900 
Fig. 32. Outline and Drilling Plan for the type PM-3, PM-5, & PMD- 1 R elays in the type FT 1 1  case. 
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.� � I , : -..I s ! l-. I '1· \ 1 1  I 1 6 1 
I , I j' �-t-! -JIIool 1\. 

8 \ \ 
PAl Tl \ soefLFI:N �.� 
f'IIO.J ECTI OII NT&. __ _ 

�=�M2� 

::1 // ....... .. . � [Y, ™ ' II  PMEu 

t.-��offr.a 
s PMEL US£ 

fa•ll STUD) • 1 90-3% SCREW 
--+--l+l--';._ '-� FOt TIII CI PM£l � / USE . 1 9().32 STUD ---' 

DIA. 

TEIIMIIIAI. AID 
MOUITIIIG D£TAI U 

f D I A. I O MOI.ES 
Ot CUT OUT 

;.,._ s l  __J • 
PAicL CUTOUT I Dtt i LLI II  
f01 ·  SEM I FUISI MTQ. 

PMEL Dlti LLIIII Ot CU11IUT FOR 
P161ECTIC* MT8· 

(� YIEW) 

1 9  
I iia otA.2  MOLES 
I 

TEaMIIIAL 
IIMEit 

57-D-7901 
Fig. 33. Outline and Drilling Plan lor the type PM-2, PM-23, PMA- 1 and PMD relays in the type FT 2 1  case. 
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I !!  
32 

_, .,. 
!e 

. 1 90--32 SCREW 

3 "i DI A. I O  MOLES 
OR CUTOUT 

PANEL DRI LLI NG OR CUTOUT FO� 
PRO.IFCTIOII MTG. 

( FROIIT V i EW) 

D l l.ll  HOLES Filll 
• 190-3 2 MTG· SCI£WS 

TEaMIUL 
llt14BEII 

57-D-7902 

Fig. 34. Outline ancl Drilling P lan for the type PMA relay in the type FT 31 case. 
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· � -1 
32 

_, .. 
"" 

I !4 �  -

� ' I 9 
6 1e I .  16 

f 

, , I I  
, , I I  r ,  I I  
1.. 

PAIIEL LOCATION ---\-� I 
SEMI FLUSJI 14TG. ------­PI!OJ ECTION 14TG • 

� • 1 9()--32 SCI!EW 
-7 PANEL 

:£ )· SPACERS FOil u I / TH I N  PANELS I 

l 8 SCI!EW / 1 6l FOil TH I CK 
PANEL USE 1T 5· 1 1!  STUD) - i r i6 

1 9D-32 SCI!EW 
. 

� THI CK PANEL � ;  ��t 1 9D-32 STUD 

TERNI MAL AND MOUNTING DETA I LS 

.!" I 
,_8 �- j � -t.a r- I 

�- s � � 
PANEL CUTOUT & Dl!l  LL I M G  
FOil S EM I  FLUSH MTG. 

PANEL Dllt11 
LL�:&.��T I ON MTG. CUTOUT f, 

( FI!:)IIT V I EW) 

� .... 
32 

I . L .  41 -973.50 

__ ! D I A . 20 HOLES I II 01! CUT OUT 

DI A.2  HOLES 
I S 

57-D-7903 
h t pe PM- 13 on . 

d D ·tt;ng Pion for t e y Fig. 35. O ut/me on rt h FT 32 case. d PMG- l3 relays in t e. type 
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Westinghouse 1 .  L 4 1 -973. s K 

I N S T A L L ATIO N  • OPERATI O N  • MA I N TEN A N CE 

I S T B U C T I O N S  
TYP E  PM LI N E  O F  RE LAYS F O R  P I L OT-WI R E  

MO N I TO R I N G  A N D  TRA N S F E R R E D  T R I P P I N G 

CAU TIO� Before  p u tting p ro tectiv e relays into ser­
vi c e ,  remove all blocking which may have been in­

serted for the p u rp o s e  of securing p arts durin g  ship­

ment ,  make sure that all moving p arts op erate freely, 

inspect the contacts to see that th ey are cl e an and 

close properl y ,  and operate the relay to check t h e  

s ettings and electri c al connections. 

A P P L I C A T I O N  

Type PM M o ni toring Rel ays p rovide co ntinuous 

monitoring of a pilot-wire circuit to det ect open cir­

cuits ,  short circuits,  gro und s ,  and wire reversal .  In 

addition ,  transferred tripping can be effect ed where 

the PM- 3 ,  PM- 1 3 ,  PMG- 1 3  or PM- 23 rel ays ar e used. 

Table I i l lustrates the function s  av ail abl e with e ach 

relay .  A 1 0  mfd.  cap acitor i s  suppli ed with each PM 

relay ,  This capacitor p ro vides an a- c p ath betwe en 

the two hal v e s  of the insulating transformer second­

ary winding s as shown in Figs. 2 1  through 27 .  

Each ci rcuit requir e s  the  following: 

At one end to introduce 

One o f  the following: 

For a-c 

PMA 
PMA- 1 .  

PM- 1 3  o r  PMG- 1 3  ( a. c . )  

current 

PMD 
PMD- 1 

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

A t  the other end t o  receive monitoring curr ent ( tw o-
�------ ··------� �·�·--·--------� 

terminal line) 

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

At the other  
t erminal line 

* One PM-23 o r  one P M-4 or  one PM- 2 for e ach 

remote termin al . 

C O N S T R U C T I O N  

PM r el ays consist of the following:  

PMA PMA- 1 

1- Pola r  Alar m  Unit ( 1 ) 1-Pol ar Alarm U nit 

SUPERSEDES I . L. 4 1 -973 .5J  
*Denote s change from superseded i ssue . 

1-Polar Ground U ni t  ( 5) 

1-Tapped Transfo rmer 

1-Full-Wave Re ctifier  

3-4 mfd. C apacitors 
1 - Set of Potential 

Dividing R esistors 

1-Polar Al arm Unit ( 1 )  

1-P o l ar Ground Unit  (5)  

2-4 mfd. C ap acitors 

1-Set of P o t ential 

Divider Resi stors 

PMG- 1 �  

1-Polar Alarm Uni t  ( 1 )  

1-Polar Ground U nit ( 5 ) 

1- Polar Trip Unit ( 3) 

!-Indi cating Contacto r 

Switch 

1-Set o f  Potenti al 
Divider  Resistors 

1-Tapped Tran s former 

( A . C .  Relay only) 

1-Full-Wave Rectifier 

( A. C .  Rel ay o nly) 

1- Blo eking Rectifier 

2- Remote Trip Resi stors 

3-4 mfd. Capacitors 
( A-C Rel ay )  

2-4 mfd. C ap acitor s  

( D-C Rel ay )  

PM- 23 

1- Polar Al arm Unit ( 2) 

1-Polar Trip Unit ( 3 )  

!-Indicating Contactor 

Switch ( ICS) 

!-Milliammeter, 5.0 rna. 

1-Set of Adj ustable  and 

Fixed Resistors 

2-Blocking Rectifiers 

1-Tapp ed Transformer 

1- Full- W av e  Rectifi er  

1-4 mfd. C ap acitor 

1 -Set of Pote ntial 

Dividi n g  R e sistors 

PMD- 1 

1-Pol ar Al arm U nit 

1-Set of Potential 

Divider Resistors 

PM- 1 3  

1-Polar Alar m  Unit ( 1 )  

1 -Polar Trip U nit ( 3) 

1 -Indicating Cont actors 

swit ch 

1-Set of Potential 

Divider R e si stors 
1-Tapped Transformer 

( A . C .  Relay only)  

1 - Full- Wave Re ctifier 

( A. C .  Rel ay o nly) 
1-Bl ocking Rectifi er 

2- Remote Trip Resistor 

1-4 m fd .  C apacitor 

PM- 2  

1-P o l a r  Alarm U ni t  ( 2) 

1-Mil l iammeter, 5.0 rna. 

1-Set of Adjustable 

Resi stors 

1 -Blocking Rectifier 
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TV P E  PM MON I TO R I NG R E LAYS 

PM-3 

1-Polar Trip Unit ( 3) 

1-Resistor 

!-Blocking Rectifier 

!-Indicating Contactor 

Switch (ICS) 

PM-4 

!-Blocking Rectifier 

1-Set of Adjustable & 
Fixed Resistors 

TABL E I 

PM-5 

1-Polar Ground Unit ( 5) 

2-4 mfd. Capacitors 

1-Fi xed Resistor 

I FUNCTION PMA & PMD PMA- 1 & PMD- 1 PM- 1 3  �PM-23 PM-2 PM-3 

Monitoring I 
Current X X X X 
source 

Receives 

Monitoring X X 
Current 

Trouble 

Alarm X X X X X X 

I Transmits 
X t X t X X X t x t l X t Trip 

Signal 

Receives 

Trip X X X X 
Signal 

Sensitive 

Ground X X 
Detection 

Measures 

Monitoring X X 
Current 

t With External Resistors 

SitU NT  

8ALANCED AIR  �APS UIIBALAICED A I R  GAPS 

Fig. l. Polar Unit Permanent Magnet Flux Paths. 

2 

PM-5 

X 

X 

X t 

X 
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TY P E  PM MON I TORING R E LAYS 

Polar  Un i t  

T h e  polar unit consists o f  a rectangular shaped 

magnetic fram e ,  an electro m agnet , a p ermanent mag­
net,  and an arm ature .  The poles o f  the crescent 

shaped perm an ent m a gn et bridge the m ag n et fram e. 

The magnetic fram e consists of  three pieces j oined 

in the rear with two brass rods and silver solder.  

These non- m agnetic joints represent air  gap s ,  which 

are bridged by two adjustab l e  m agnetic shunt s .  The 

windi ng or windings are wound around a magnetic 

core. The armature is fastened to thi s  core and is 

fre e to move in the front air g ap .  The moving contact 

is connected to the free end o f  a l eaf spring, which,  

i n  turn , i s  fastened t o  the armature .  

l nd i  Contacto r Swi tch 

The d- e indicati ng contactor switch is a small 

clapper typ e d evice . A magnetic armature, to which 

l e af- spri ng mounted contacts are attached, is attracted 

to the m agnetic 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 arm a­

ture defl e ct a spring located o n  the front of the switch,  

whi ch all ows the operation indicator target to drop. 
The target is reset from the outside of the cas e by a 

push rod located at the bottom of the co ver. 

The fro nt sp ring,  in addition to holding the tar­

get , provides restraint for the armature  and thus con­

t ro l s  the pick up v al u e  of  the switch. 

PMD & PMG13  with TeL Rel ay: In t he rel ays type 
PM D and PMG 1 3  where t hey are energized with DC 

p o w er suppl y, t he ground polar u nit  ( 1t5)  c ould 

momentarily close its c o nt act (for ab o ut 10 rn.  s. ) if 

either positive or  negative supply is grounded. To 

eliminate this moment ary operatio n ,  a t el ephone 
rel ay with a nomin al operating time of 25 rn. s. was 

connected in series with c o nt ac t  of the "5" unit, 

and the cont ac t  of t he t e l epho n e  rel ay i s  used as 

an overall contact outp ut of t he "5 " unit.  This 

type of  r el ay s hould be used where the DC power 

supply is subj ected t o  s hort to the ground. 

O P E R A T I O N  

P i l ot Wi re Mon i toring  

Monitoring current is introduced into t h e  pilot 

wire as shown in the external schematics,  fi gures 2 1  

t o  2 7 ,  b y  the m onitoring current source .  External 

schematics showing other com binatio n s  are avail abl e 

o n  request.  A nominal 20 volts is imp ressed acro ss 

the 1 0  rnfd. capacitor at the l eft-hand line terminal 

i n  Figures 2 1  to 2 7 .  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,  

I . L .  4 1 ·973 .SK 

and back through the other pilot wire and t h e  other 

winding of HCB i nsulating transformer. 

Adj ustm ent o f  the resistors of the PM- 2 3 ,  PM-2 
o r  PM-4 rel ay at the other end of the pilot  wire p ro­

vides a norm al o ne-milliampere d-e circulati ng cur­

rent. In the cas e of three-termin al l ines,  the m onitoring 

source r el ay output current is 2 rna. in order to pro­

vide each r e cei ving end relay with 1 rna. The alarm 

unit  of the monitoring current source rel ay i s  adj usted 

t o  float between the high and low current contacts 

with norm al monitoring current. The PM- 2 3 ,  receiving­

end alarm r elay ,  i s  adju sted to fl oat between the 

low-current alarm c ontact and a contact stop with 1 

rna. flo win g. 

Short Ci rcu i ts  

A complete o r  partial short circuit o n  t h e  pilot 

wires increases the current in the current-source re­

l ay ,  causing the high-curr ent alarm contacts to cl ose.  

The resulting current decreas e  i n  th e PM- 23 relay 

closes  the alarm contact. Short circuits of 5000 ohms 

o r  less will  b e  detected. 

Open Ci rcuits 

Current decreases to zero i n  all rel ay s .  L ow­

current alarm contact o f  the current source rel ay 

clo ses.  Alarm contact of PM- 2 3  re lay cl oses.  

Reversed Wi re s  

On app lications using the PM- 2 3  r elay, current 
increas e s  in the s ending end relay to clo s e  the high­

current alarm c ontact s. current drops to zero i n  the 

PM- 2 3  relay mo nitoring coil  to close  the low-cu rrent 

al arm contact s .  

I f  the pilot wire should b e  opened and reclosed 

wit h  reversed connections w hen the PM-23 relay is 

i n  service ,  the alarm contact ( 2 )  i n  the PM- 23 drops 

out .  The alarm contact dropping out  shunts the trip 

unit  coil ( 3) ,  and prevents the trip uni t  contact ( 3 ) 
fro m operating momentarily. The trip unit contact i s  

p r ev ented from operating b e c a u s e  the capacitor at the 

sending end discharges through th e pilot wire and 

the trip unit  ( 3 )  circuit .  Thi s will have no effect o n  

remote trip operatio n .  

The current decreases in b o t h  sending and re­

ceiving end relays when the PM- 2,  or PM- 4 relays 

are u sed. Low current alarm contacts clo s e .  

Gro unds 

The voltage-divider circuit of  the PMA , PMD , 

and PMG- 1 3  source relay s  has its midpoint grounded 

through a current-limiting resistor.  Thus ,  a pil o t-wire 

ground will c au s e  an increase in current in one coil 

circuit, and a decrease in the other one.  This un­

bal an c e  in the current flowing through the two wind­

ings ( 5) of  the ground alarm rel ay unit wi l l  cau s e  it 

to cl o s e  one of its contacts ( d epending on which pilot 
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TY P E  PM MON I TO R I N G  R E LAY S 

wire is grounded) to give an alarm.  Grounds of 1 0 , 00 0  
ohm s or less will be detected. 

For add ing the sen sitive  ground detection where 
P M A- 1 ,  P MD- 1 ,  or P M- 1 3  relays have been installed, 
the PM-5 rel ay c an be added to the circuitry, as 
shown in figure 24. This relay also has a 1 0 , 000-ohm 
ground sen sitivity . 

T ran sJ.erred Iri ppi  ng 

Breakers located at the PMG- 1 3  or P M- 1 3  and 
PM- 3  or P M- 2 3 stations can be t ripped by the appli­
cation of a d-e voltage to the pilot wi res at remote 
locati ons ,  as shown i n  figures 21 to 27 . Transferred 
tripping can be effected from any location by apply­
ing 48 volts d-e ( through dropping resi stors when re­
qui red) to the p ilot wi re with polarity oppo site to 
that of the monitoring voltage. When trippi ng the PM 
- 2 3 ,  the current is i nc reased abo ve 2 .0  ma, in reverse 
direction, to clos e  the trip contact. When tripping 
the PMG- 1 3  or PM- 1 3 ,  the reversed d .  c. voltage oper­
ates the trip unit (3 ) .  

See  Tabl e s  I I  and III  for tripp ing resistor v alue s.  
Nominal tripping current s i s  5ma.  at all rated voltages.  

Po l a r  U n i t  

Polar unit fl u x  paths are shown i n  figure 1 .  With 
balanc ed air gap s ,  p ermanent magnet flu x fl ows in 
two paths,  one through the front, and one through the 
rear g aps.  This flux produces north and south poles,  
as sh o wn .  By turni ng the left shunt i n .  some of  the 
flu x  is forced through the armature.  m aking it a north 
pole. Thu s, reducing the left h and rear gap will pro­
duce a forc e  tendi ng to p ull the armature to the right. 
Similarly , redu cing 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 uni t  contacts of the s ending and re­
ceivi ng end relays are biased to move to the left 
when the relay is deenergized. The PMG- 1 3  or P M- 1 3  
and PM- 23 trip unit co ntact is biased to mo ve to the 
left when the relay is d eenergized. The PM- 5 is 
adj usted so that the moving contact fl oats when the 
relay is deenergi zed. 

C H A R A C T E R ! S T I  C S  
Nominal  C a l i bration Val ues 

Nominal current values to clo se con tact s are 
listed in Tabl e s  IV and V .  

4 

Vo l tage Rati n g s  

Supply voltage r atings o f  t h e  m onitoring source 
relays to obtain continuou s monitoring current are 
as follo ws:  

DC - 48, 1 2 5, and 250 volts 
AC - 1 20 volt s ,  60 cycles ( P ri mary t ap s  1 00, 

1 1 0 ,  1 20 & 1 30) 
Voltage impressed on the pilot wire is a nominal 

20 volt s for monitoring ,  and 48 volt s for tripping. 
Supply voltage rati ng s  to obtain remote tripping 

are: 48, 1 2 5, and 250 volts d-e. 

Co i l  Re�i stan ce (each wind ing) 

Alarm coil ( 1 )  
two t erminal line 1 0 50- 1 250 ohms 
three terminal line 700-900 o hm s  

Alarm coil ( 2 )  2 200- 2600 ohms 

Trip coil ( 3) 1 800-2200 ohms 

Ground Alarm coil (5)  5 200- 5800 ohms 

PM-4 and PM-23 Resi stance 

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

PMA- 1 and AC PMG- 1 PM- 1 3  Bu rden 

0. 5 VA at tap voltage 2-termi nal line relay 
1 . 0  V A  at tap vo lt age 3- terminal line rel ay 

Recti fi ers  

Ap proximate forward resistance - 560 ohms at  1 ma 
300 ohms at 2 ma 

Rating 

Continuous forw ard 
current - amperes - 1 

Continuo u s  back 
voltage - rms volts - 200 

Remote }'ri pping  

Remote trip resistors ar e listed in Table II  and 
I I I  for 48, 1 25 ,  and 250 volts d- e. 

The r el ay s  have su ffici ent thermal capacity to 
withstand 20 MA d- e continuou sly when remo t e  trip­
ping. N o minal trip currents in the tripping rel ays are 
5 . 0  MA d- e with 48, 1 2 5 ,  and 250 volt s d- e supply 
and a 2000-ohm pilot wire. 
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TY PE PM MON I TORING R E LAYS ---------------------I ._L_. 4_1_-97_3_.s_K 

1t L I N E  D.C.  

T E R M IN A L S  VO L TAG E 

2 48 

125 

250 

3 48 

1 25 

250 

tt L I N E D . .C. 

TA BL E I I  

PMA, PMA- 1,  PMD, AND PMD- 1 AP PLICATIONS 
E X T E RNAL R E SISTORS F OR D. C. R EMOTE TR I P P I NG 

(2 R EQUI R E D  P E R  STATION) 

STATION A STATION A STAT ION B STAT ION C 

PM-2 & PM-3 or PM-2 & PM- 3 or 

PMA or PMA- 1 PMD or PMD- 1 PM-23 or PM-4 PM-23 or P M-4 

200 200 

3550 3550 

930(1 9 300 

200 200 

2000 2000 

5600 5600 

T A B L E  l i l A 

PMG- 1 3  AN D PM- 1 3  (D.C. SU P P LY) APPLICATIONS 
RESISTOR S FOR D .C.  R EMOT E T R I P P I NG 

(2 R EQUI R E D  P E R  STATION) 

STAT ION A STAT ION C 

P M-2 & PM-3 or 

TO OP E RA T E  

PM- 23 o r  PM- 3  
" 
. .  
. .  
" 
" 

T E RM I NALS VOLT AGE PMG- 1 3  or PM- 1 3  

STAT ION B 

PM-2 & PM-3 or 

PM-23 or PM-4 PM-23 or PM-4 TO O P E RATE 

2 48 

1 25 

250 

3 48 

1 25 

250 

t Mounted in Relay 

tt L I N E  

T E RMINALS 

2 

3 

D.C.  

VO LTAGE 

48 

125 

250 

48 

125 

250 

t Mounted in Relay 

200 t 

2 1 20  t 

5600 t 

200 t 

1 50 0  t 

4000 t 

TAB L E  I I I B  

200 

2 1 20  

5600 

200 

1500 

4000 

200 

1 500 

4000 

PMG- 13  AND PM- 13  ( A.C. SU PP LY) APPLICATIONS 

(2 R EQU I RED P E R  STATION) 
R ES I STORS FOR D.C. R EMO T E  T R I PP ING 

STAT I ON A 

PMG- 13 or PM- 13 

200 t 

2 1 20 t 

5600 t 

200 t 

1 500 t 

4000 t 

STAT ION B 

PM-2 & PM-3 or 

PM-23 or PM-4 

200 

2 1 20 

5600 

200 

1500 

4000 

ST ATI ON C 

PM-2 & PM-3 or 

PM-23 or PM-4 

200 

1500 

4000 

PMG- 1 3  or PM- 13 

and PM- 23 or PM-3 

" 

" 

" 

. .  

. .  

TO O P E R AT E 

PMG- 1 3  or PM- 13 

and PM- 23 or PM- 3  
. .  

" 

. .  

. .  

" 
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TY PE PM MON I TO R I N G  R E LAYS 

TA BL E IV 

NOM I NAL CAL I BRATION VALU ES - TWO T E RM INAL L I N ES 

R E LAY 
PMA or PMA- 1  

PMD or PMD- 1 

PM-5 t 

LOW CUR RENT AL ARM l 
0. 7 m a  

H I GH CUR RENT ALARM 2 
1.3 ma 

TRIP 

PMG- 13 or PM- 13 

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

0. 7 

0.7 t t  

0.7 

t Same relay as for three-termin al  lines 

t t These are pilot-wire current values 

1.3 

± 0.3 

1. 3 t t  

1 - Left-hand contacts, front view. 

2 - Ri ght-hand contacts, front view. 

14 v. 
14 v. 

TAB L E  V 

NOMI NAL CAL I BRAl" I ON VALU ES - TH R E E  T E RMINAL L I N ES 

R E LAY 
PMA or PMA- 1 

PMD or PMD- 1 

PM-5 t 

PMG- 13 or PM- 13 

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

LOW CUR R ENT ALARM 
1.7 rna 

1. 7  

1 .  7 t t  

0. 7 

t Same relay as for two-terminal lines 

tt These are pilot-wire current values 

Trip C i rcui t  

The main co ntacts will safely clo se 3 0  amp e r e s  
at 250 vol ts  d - e  an d the s e al-in contacts o f  the indi­
c ating contactor swi tch wil l safely c arry this current 
long enough to trip a circuit  breaker.  

The indicating contactor s witch has two tap s  
that provid e  a pi ckup s etting o f  0 .  2 o r  2 amperes .  To 
change t aps requi res connecting the l e ad l oc ated i n  
front of the tap block t o  the des ired setting by m e ans 
of a s crew connection.  

C i rcu i t  Con stant 

Indicating Contactor Switch ( ICS) 

0 .  2 amp ere tap 6 . 5  ohms d-e r e sistance 
2 . 0  amp e r e  t ap 0 . 1 5  ohms d- e r e si stance 

S E T T I N G  T H E  R E L A Y  
Operating units of all relays are adjusted in the 

factory to the value s listed in Tables IV and V t o  a 
tol eranc e o f  ±5%. N o  settings are requi red on t h e s e  
units. 

6 

H I GH CURRE NT ALARM 
2. 3 rna 

2. 3 

± 0.3 

2. 3 t t  

T R I P  

1 4  v .  
1 4  v. 

For all 48/ 1 2 5- volt d . c .  r elay s ,  connect jumpers 
acro s s  resistors as shown on the internal schematics.  

PM-4, PM-2, and PM-23 Rel ay s 

Adj u s t  the resistors in the PM-4, P M- 2 ,  or PM- 23 
relay or rel ay s  to a value of 1 M A  d-e with the moni­
toring circuits connected for service .  U s e  the mil­
liam meter in the PM-23 for this purp o s e  or use  a 
portabl e milliammeter with a resistanc e of l e s s  than 
200 ohm s. Where it is not practical o n  three-t ermi nal 
lines to adj u st both receiving relay s  simultaneously, 
set  one r e c eiving rel ay for 1 8 , 0 00 ohms to tal re sis­
tan c e  (incl uding relay coil and r e sistors) by me asure­
m ent prior to fi nal adjustment of the other receiving 
r elay . Thi s procedure will minimize the c hange in 
monitoring current in the first  relay to be adj usted 
when m ak ing the final adj u stment of t he s econd r el ay.  

PMA, PMA- 1 ,  PMG- 1 3  and PM- 13 Rel ay s  

Select  t h e  tran s former tap nearest to expected 
normal a- c supply voltag e .  The full wave rectifier is 
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TY P E  PM MON I TORING R E LAY S  

connected t o  a secondary transformer tap .  Where d e­
sired. the outp ut voltage can be rai s ed about 5% by 
reconnecting acro ss the full s econdary winding.  

I n d icati ng Conta ctor Swi tch 

No s etting is  r equired on the ICS unit e xcept the 
sel ection of t h e  0 .2  or  2 . 0  amp ere tap settin g .  Thi s 
selecti o n  i s  m ade by connec ting t h e  l e ad located in 
front of the t ap block to  the d e sired se tting by mean s 
of the connecting screw.  When the rel ay energizes a 
typ e WL relay switch , or equival ent,  use t h e  0 . 2 
ampere tap. 

I N S T A L L A T I O N  
The relay s  should be mounted on switc hbo ard 

p anels or their  equival ent  in a location fre e  fro m  dirt, 
moistur e ,  excessive vibration,  and h e at .  Mount t h e  
relay vertically by m e ans of the fo ur mounting holes 
on the flange for s emi-flush mounting or by means o f  
t h e  r e ar mounting stud o r  studs for proj ection mount­
ing .  Either a mounting stud or the mounting screws 
may be util ized for grounding the relay,  The el ectrical 
connections may be made directly to the t ermi n al s by 
means of  screws for steel panel mounting or to t h e  
termi n al studs furni shed with t h e  relay for thick panel 
mounting. The te rminal studs m ay be easily remo ved 
or inserted by locking two nuts  on the stud and then 
turning t h e  proper nut  with a wrench.  

For detailed J:<'T case informati o n ,  r efer to  L L .  
4 1-076 .  

Where  t he pote nti al to ground impr e s s ed o n  the  
relays can exceed 700 vol ts ,  a drainage re actor in  
conju nction with a KX- 642 tub e ,  or t h e  re actor i n  
conj unction wit h  700 volt carbon-block arr e sters ,  is  
recommended. For d etails ,  s e e  Protection  of Pilot­
Wire Circui ts ,  AlEE Committee Report, paper 58- 1 1 9 0 ,  
1\IEE Transactions, 1959 ,  Volume 7 8 ,  P art III  B pp . 
20 5- 2 1 2 .  Also , s ee AlEE Sp ecial Publication S- 1 1 7 ,  
A pp lications and Prote ction of  Pilot-Wire Circuit s 
for Protecti v e  Rel aying,  Jul y  1 9 60.  

A DJ U S T M E N T S  A N D M A I N T E N A N C E  
The p roper adjustments to insure correct opera­

tion of thi:» r el ay h ave been made at the factory and 
should not be di sturbed aft er receipt by the customer.  
I f  the adj u s tments h ave been changed, the relay 
t aken ap art for rep airs ,  o r  if it is d e sired to ch eck t h e  
adj ustments a t  re gular maintenance periods, the  in­
structions in the su cceeding sections should be 
follow ed.  

I .L.  4 1 ·973.SK 

Acceptance Tests 

The following t e st s  ar e recomme nded when the 
r elay is  received from t h e  factory. I f  t h e  relay does � 
not p erform as spec ified below, the relay either is 
not prop erly calibrated or it  contains a defect . 

I ndicati ng Contacto r Switc h (ICS) 

Close the contact of  the tripping unit and pass 
sufficient direct  current through t h e  tr ip circuit to 
clo s e  the contacts of the ICS u ni t .  This v alue of  
current should not be greater than the p articul ar ICS 
tap s etting being u s e d (0 .  2 or 2 .0) .  The i ndi cator  
target should  drop freely.  

PMA and PMA· l Relays 

Al arm Uni t  

S et the primary t ap on 1 20 volts.  Connect a v ari­
able re sistor o f  appro ximat ely 20,000 ohms in series 
with a l o w-range d- c milliammeter ac ross t ermi nal s 
6 and 7 with t h e  instrument positive connected to  
termi nal 7 .  Apply 1 20 vo lts  at rated frequency to 
terminal s  4 and 5. Adj u st the 2 0 , 000-ohm resistor to 
obtain a current of o n e  rna. d. c. For a three-t erminal 
l ine  relay ,  use a 1 0 , 000- oh m  re sistor and set the 
current to  2 rna. d. c .  At this v al u e ,  the moving con­
tact of the alarm or monitoring relay uni t  ( 1 )  should 
float betw e en the two sets of  s tatio n ary contacts. In 
t h e  PMA relay ,  the  ground alarm unit ( 5) cont act 
s hould also fl oat .  ( Th i s  cont act will al so float wh en 
t h e  r el ay is de-energized. ) Increase and d ecrease 
the one or two- milli amp er e mo nitoring current to  check 
the cali bration val u e s  l isted in  Tabl e s  I V  and V .  

Ground Unit ( 5 )  

Reconn ect t h e  20, 000-ohm resistor .  F o r  t h e  P M A  
rel ay only, short terminals 7 and 3 .  T h e  contact o f  
the ground alarm unit ( 5 )  should cl ose t o  t h e  right 
when the rel ay i s  e nergi zed. Remo v e  the short ,  and 
connect i t  between termi n al s  6 and 3 .  Th e ground 
alarm unit (5) should close to the left .  The action of 
the monitoring unit ( 1 )  cont act  is of no significance 
in  this simulated pilot- wir e  gro und test .  To check the 
pickup curr e nt o f  th e  ground detector,  first remove 
the  20 , 000-ohm r e sistor  fro m  termi nal s 6 and 7 .  Con­
nect a 0- 1 d. c. milli ammeter  i n  seri e s  with a v ariabl e 
resistor of abo ut 50 , 000 ohms betw e en terminals 3 
and 6 .  T h e  ground unit should cl o s e  its l eft-h and 
contact at appro xi mat ely 0 . 3  rna. d .c .  With the mil­
liammeter  and resistor connected between terminals 
3 and 7, the  right- h and contact should cl ose at 0 . 3  
rn a .  d . c .  
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TY P E  PM MON I TO R I N G  R E LAYS 

8 

PMD and PMD- 1 R el ays 

Alarm and Grou nd Units 

Conp.ect an adj u stable 20 ,000-ohm resistor (or 
1 0 , 000-ohms fo r a 3-terminal relay )  in series  with a 
d- e milliammeter  across terminal s  6 and 7 with the 
instrum ent positive conn ected to  terminal 7.  Apply 
rated d- e volt age to terminals 8 and 9 with po sit ive  
o n  t erminal 9 .  N o w  check the PMD and PMD- 1 relays ,  
followi ng th e procedure given  in  the previous s ection 
for t h e  PMA an d PMl\- 1 relays,  resp ectively. N o t e ,  
however ,  that t e rmi nal 5 of  t h e  PMD relay corres­
ponds to terminal 3 of the P M A  relay .  

P M- 2 ,  an d P M-23  R el ays 

Alarm Unit ( 2) 

AppJ.s a vari abl e d- e voltage of  approximat el y  
2 0  vol t s  to  rel ay termi nal s 8 and 9 ( t e rminal 9 po si­
tive)  of the PM-2 or P�.1- 2 3  relay .  Adj u st the voltage 
to obtain a reading of  one rna. on t h e  r elay milli am­
m eter .  The  monitoring polar unit ( 2 )  contact s sho uld 
float .  Reduce t h e  current grad ually . The mo nitoring 
alarm contacts should clo s e  at 0. 7 rna. d.  c. The trip­
ping unit ( 3 )  of  the P M-23 relay should not mo v e  
during this  test .  T h e  milliamm eter has been adj usted 
to read 1 rn a. ±5%. As a result the pointer  m ay not 
r ead zero for a zero current  condition.  

Tripping Unit ( 3 ) 

To check t he P M- 3 relay or the tripping unit of  
the PM-23 relay,  apply t h e  v ariabl e d- e voltage in 
series with an e x ternal milliam m et er to  relay t er­
minal s 8 and 9 with t erminal 8 po siti v e  for t h e  P:\1-
23 relay,  or terminal 9 po siti ve fo r t he PM-3 relay.  
When checking the p ickup of t he PM-23 trip  unit 
block open the alarm unit contacts ( 2) so as to  re­
move the s hunt resistor frum aro und t he trip coil 
( 3 ) .  

The  tripping relay u n i t  ( 3 )  should p ick up with 
positive action at  14 volts d.  c. and s'•ould drop out 
at approximately 1 0  volts .  The alarm unit  of  t h e  P M-
23 relay will not  op erate during this test .  

PM-4 Relay 

Thi s device  i s  si mply a s et of r e s i stors and a 
diode to connect into the pilot- wire circuit  to provide 
a p ath for the monitoring curren t .  The resistors can 
be checked with an ohmm eter,  and the diode can be 
checked either  with an ohmmeter ,  o r  as explained in 
the s ection entitl ed " Re ctifi er Check " under 
" Routine Maint enanc e " .  If  an ohmm eter i s  us ed, the  
differe nce in  forward and reverse r e sistance readi n g s  
obtained w i l l  be dep endent o n  t h e  current flowing 
t hrough t h e  diode .  

_!'Tv1:: 5_R:�lay 

Apply 5 volts d. c. in series with a 0- 1 d. c. m il­
li amme ter and a 20 , 000-ohm variabl e resistor to 
terminal s  6 and 7 with pos itive on t erminal 6 .  The 
left-hand contact should close at app roxi m ately 0 . 3  
rn a. N o w  apply t h e  same circuit t o  terminal s  8 and 9 
with positive on terminal 9. The right-hand co ntact 
should close at app roximately 0 . 3  rna. 

PM 1 3  A . C .  and D . C .  

Alar m  Unit ( 1 )  

Connect a variable 2 0 , 000-ohm resistor  ( 1 0 , 000 
ohms for a 3-terminal-line rel ay )  in s e ries  with a d- e 
m illiammeter  across t e rminal s  8 and 9 with t h e  in­
strument po sitive on t ermi nal 9 .  For  t h e  a-c relay ,  
set  the primary tap o n  1 20 volts.  N o w  apply t h e  rated 
supply voltage to terminals 4 and 5. This will be  48, 
1 2 5 ,  or 250 volts d .  c. , or 1 20 volts a. c.  as indicat ed 
o n  the relay nameplate .  Adj u st the variable resistor  
to  obtain a current  of o n e  rna.  for  a 2-terminal line 
relay, or 2 rna. fo r a 3- termi nal rel ay .  At this  v al u e .  
the mo ving contact s of t h e  alarm or monitoring ( 1 ) 
relay unit ( t h e  upp e r  polar unit) should fl oat between 
t h e  two sets of stationary contacts.  Increase and 
decrease the one or 2 rna. monitoring current to ch eck 
the c alibration v alu es listed in Table s IV and V .  

Tripping U n i t  ( 3 )  

To check t h e  op eration of  t h e  tripping u ni t  3 
( t h e  l o w er polar unit) ,  apply a d . c .  pot ential acro s s  
terminal s  1 6  (p o sitive)  and 2 0  ( n egative) .  T h e  trip­
ping polar unit should pick up at 1 4  volts ,  and should 
drop out at approximately 1 0  volts.  The resis tance of  
t h e  s eries droppi n g  resistors for transferred tripping 
( l ist ed in Tabl e s  III A and III B) can be check ed with 
an ohmmeter .  The circuit location of these  resistors 
can readily be seen from the ext ernal schematic, 
Figure 2 7 .  

Alarm and Tripping Units 

Follow the procedure given in the previous s e c­
tion for the a- c .  and d- e.  PM- 1 3  relay s .  

Ground U n i t  ( 

Connect t h e  20, 000- o hm ( o r  1 0 , 000- o b m )  resistor 
and mill iammeter acro ss t e rminals 8 and 9. Wit h 
rated v oltage app lied and one rna. (or  2 rna. ) flowing, 
s uccessively short circ uit t ermi nal s 3 and 8 ,  t hen 3 
and 9 .  T he ground alarm unit 5 (lower polar unit)  
s hould move first to t he l eft , t hen to the right .  To 
check the pickup c urrent of  t he ground detector,  
first remove the 20 , 000- o hm resistor fro m  te rminal s 
8 and 9 .  Connect a 0- 1 d. c. milliam meter  in s eries 
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TYPE PM MON ITO R ING R E LAY S 

with a variable re sistor of about 50 ,00 0  ohms be­

tween t er mi n als 3 and 8. T h e  left-hand contact 

should close at approximately 0 . 3  rna. d . c. With the 
rr. i lliammeter resistor connected, b etween t ermi nal s 

3 and 9 ,  the r ight- hand co ntact should close at 0. 3 

rna. d . c. The external schematic diagrams for these 

relays are s hown in Figure 23 and 25 .  

Routine Maintenance 

CAUTION - Do not mak e any pe rformance check , 

cal ibration tests ,  or adj ustment s  while the PM relay s  

are ener gi zed or  connected t o  the  p ilot  wires,  t o  p re­

vent the possibi lity of inadvertently c ausing a br eak 

op eration. The PM relay s  may be removed from s er­

vice for testing, without j eopardizing HCB relay 

protection, p roviding that the connections between 

the 10-mfd c ap acitor and the  HCB insulating trans· 

former are not disturbed. 

Contacts 

All contacts should be periodically clean ed. A 

contact burni sher  SJt 1 8 2A836HO l is recommended for 

this purp ose. The u s e  of abrasive material for clean­

ing contacts is not recomm ended b ecause of  the 

danger of embedding s m al l particles  i n  the face of 

the soft silver and thus i mpairing the contact . 

Operational C h eck 

In add ition to cleaning contact s .  it i s  recom­

m ended that an operatio nal check be p e rformed 

periodically by opening and sho rt-circuiting the pilot 

wires, a s  w el l  as grounding them at t h e  relay ter­

minal s .  Note:  These pilot-wi re faults should not b e  

appl i ed dire ctly t o  the pilot wir e s  when the HCB re­

lays are in service .  It is also reco mmended that the  

trip circuits o f  the PM relay s  b e  opened (where trip­
ping i s  u s ed), to prevent the po ssi bility of inad vert­

ently tripping the associ ated circuit break er during 

testing. If the relays do not p erform as exp ected. and 

diode failure is s u spected,  the diode tests described 

i n  the foll owing section may b e  perform ed. 

Rectifi e r  ( Diode) Check 

I f  there is suspicion of  a rectifier (diode) failure,  

apply 30 volts d .  c .  reverse voltage (positive on arrow­

he ad) through a 300-ohm resistance to the diode. 

M easure the voltage acro s s  the diode. I f  this voltage 

i s  not essentially 30 volts,  the diode i s  short­

circuited. Now apply 30 volts d . c. in the forward 

direction through the 300-ohm resistor,  and measure 

the voltage acro ss the resistor.  I f  the voltage is not 

essentially 30 volts,  the diode may hav e  a high for­

ward res istance. If the voltage is zero, the  dio de i s  

open- circuited. 

I .L .  4 1 -973.5K 

Cal i bration 

If the relay has been dismantl ed o r  the c al i bra­

tion has been di sturbed, use the following proc edure 

for  cal ibration.  

With the p ermanent magn et  removed,  see that the 

moving ar mature fl oats i n  the central area of the air­

gap between the poles of t h e  polar unit fram e .  I f  

necessary, loos en the core screw i n  t h e  center rear 

of the unit and shift the core and contact as sembl y  

until the  armature float s .  (This can b e s t  b e  done with 

the polar unit  remo ved from th e relay . )  Then retighten 

the core screw an d r eplace the p e rm an ent magnet 

with the dimpl e ( north pole)  on the magnet to the l eft 

when viewed from the front.  

Polar Units-Gen eral 

The following m echanical adj ustment s are given 

as a gu ide,  and some d e viation from them may b e  

necessary to obtain p rop er  e l ectrical calibration. 

M agnetic Shunt Adj ustment 

The s ensivity o f  the polar unit is adj usted by 

m e ans of  two magneti c ,  screw-type shunts at the rear 

of the unit ,  as shown i n  Fig. 1 .  These shunt screw s 

are held i n  p roper adjustment by a flat strip spring 

across the back of  the po lar uni t fram e ,  so no locking 

screws are r equired .  L oo king at the relay,  front view 

turni ng out the right-hand shunt to open the  right­

hand air gap decreas es the amount of curren t required 

to close the right-hand cont act . Conversely, drawing 

out the l e ft-hand shunt increases the amount of c ur­

rent required to close the right- h and contact, or 

decreases the amount of current requi red to clos e  the  
left- hand contact ( with the prop er direction of  current 

fl ow) .  Also , if a relay trips to the right at the prop er  

current, the dropout current can be raised by turning 
in the right- hand shunt. The two shunt- screw adju st­
ments are not independent , however,  and a certain 

amount of trim ming adju stment of both shunt screws 
i s  gen erally nec ess ary to obtain the d esired p ickup 

and dropout calibration . 

In general , t h e  farther out the two shunt screws 

are turned,  the greater the toggle action wil l  be ,  and 

as a result ,  the  l o w er the dropout current. For the 

tripping units ( 3 ) of  the  P M- 3 ,  PM- 13,  and PM- 23 re­

lay s ,  toggl e action is de si rabl e ,  with a dropout cur­

rent around 7 5  p ercent of  the pickup current. For the  

moni tori ng alarm relay units ,  toggl e action is  not 

desired. Instead,  the arm ature is adj usted to float 

between the pole faces at a given current (1 or  2 
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TV PE PM MON ITOR ING R E LAYS 

Th e  following chart indicates the units present in e ac h  r elay .  

Alarm for p. w. open.  s hort o r  reversal 
( 1 ) ( 2 )  

Trans fer - Trip Unit ( 3 ) 

rn a . ) .  and to move gradually toward the high or low­
cu rrent alarm as the coil current i s  i ncreased or 
o r  decreased. Si milarly .  the flo ating adj ustment of  
o f  the armature of  the ground alarm unit  ( 5 )  requires 
that both shunt screws be turned i n  relatively far. 
Then the armature will move gradually to the left or 
right as the current t hrough the two tf5 coil s i s  
unbalanced. 

The electri cal cal ibration of the polar unit is 
al so affected by the co ntact adjustment  as this 
c h anges the p osition of  the p o lar unit  armature. Do 
not c h ange the contact adju stment without rechecking 
the electrical cal ibrati on. 

Contact 

For all monitoring alarm units .  desi gnated ( 1) o r  
(2) .  turn in al l the stati onary cont act and co nt act 
stop screws until th ey j us t  touch the  moving contact. 
Advanc e the screw s to hold the armature in th e c en­
tral p ortion of the m agnetic air gap between the two 
pole fac e s .  ( The stationary contac t screws have a 
round silver contact face ;  the s top screws do not 
have thi s silver facing . )  N o w  back off all the con­
tact and co ntact stop screws one full turn. This will 
give a to tal co ntact travel of  0 .050 inch.  When the 
relay i s  properly calibrated,  some touch-up adj ust­
ment may be necessary so that double contacts will 
both close at the same current value.  The co ntact 
gap between the flo ating moving con tac t and the 
right-h and o r  l e ft- h and stationary contacts or c ontact 
stops will be approxi mately 0 . 025  inch when the re­
l ay is in op eration.  

For the tripping ( 3 )  units of the  PM- 3 ,  PM- 1 3 ,  
PMG- 1 3 , and P M-23 relay s ,  adj ust the contacts as 
described in th e previous paragrap h,  e xcept back o ff 
the contact and stop screws one-hal f  turn each to 

1 0  

give a total moving contact t ravel o f  appro xi mately 
0 . 0 25 inch. In operation of th e tripping unit,  the mov­
ing contact will nor mally rest agai n st the contact 
stop screws. and will pick up o nly fo r a tran s ferred­
tripping operation . 

For the pilot-wire ground alarm unit ( 5) of the 
PMA, PMD, P M 5 .  and PMG- 1 3  relay s,  follow the 
sam e  gen eral proc edure excep t  back off both station­
ary contact screws two turn s  each.  This will give a 
contact gap of 0 .050 on each side of the moving con­
tact when i t  is its no rmal c entral posi tion. 

Electrical Calibration All Relays 

In  the following sections. the calibration i n­
structions are given for the polar unit which perform s 
a certain fu nction .  such a s  alarm ( 1 )  or ( 2) ,  ground 
( 5) .  or tri p ( 3) .  rather than givi ng cali bration in­
s tructio ns fo r each complete rel ay .  In this way,  con­
siderabl e duplication of i nstructions has been elim­
inated. 

Alarm U nit  ( 1 )  

Connect the relay as de scribed under Acc eptance 
Tests fo r the particular rel ay invol ved. Screw the two 
magnetic shunts ll.ll the w ay in. then back them out  
five turns  each . With the  rel ay energi zed at  rated 
voltage, set the monitoring current at 1 . 3  o r  2 . 3  rna. 
d.c. for 2 or 3-terminal rel ay respe ctively, by adjust­
ing the e xternal resistor.  If the  relay doe s  not clo s e  
its right-hand contact, turn i n  t h e  left shunt screw 
until the rig ht- hand co ntact j us t  cl o s e s .  If the rig ht­
hand contact is clo sed at 1 . 3  rn a. ,  turn in the right 
shunt until a point is reached when the right-hand 
co ntact is j ust clo s e d  at 1 . 3 rna. 

Now drop the current to 0 . 7  rn a. and adj ust the 
oppo site shunt until th e left- hand contact just  clo ses 
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TY P E  PM MON I TORING R E LAYS 

at 0.7 rna. d.c . At 1 . 0 rna. d . c . ,  t h e  moving con tact 
s ho u ld float half w ay between the  two sets of station 
ary con tact s with a 0 . 025-inch gap on each si de. Re­
check the high and l o w  current c alibration sev eral 
ti mes,  touching up the sh unt adj u stments as required 
to obtain th e d e sired calibration .  

Pol ari zat ion Check 

For all the source relay s ,  which are l ist ed be­
low . m ak e  t h e  fo llowi ng additional c alibration check :  

PMA 
PMA- 1 
PMD 
P:v!D - 1  

P M- 1 3  ( a. c .  and d . c . )  
P MG- 1 3  (a.c .  an d d . c . )  

A fter  c alibration a s  de scribed i n  th e previous 
s ections ,  connect a 20, 000 ohm resistor (or 1 0 , 000 
ohms for 3-t erminal appl i c atio ns)  across the output 
terminal s ,  and energiz e th e relay at its rat ed supply 
volt age. With these conn ectio ns,  approximat ely one  
(or  two)  milliamp eres d . c. wil l  flow thro ugh the 
monitor relay coil s and ext ernal res istor, thus r ep­
resen ting normal operati ng conditions. 

Now momentarily (one  second or s o )  apply 48 
volts d . c .  d irectly to the pilot-wire t erminal s of the 
r elay ,  as indic at e d  in the following table. 

T erminals for Moment ary Appli cation ------
-()f 48 y,_(j� . 

P Yl A ,  PMA- 1l 
PMD,  PMD- lf 
P M- 1 3  ( a. c .  or d. c . ) } 
PMG- 1 3  ( a. c .  or d. c . )  

POS. 
6 

8 

NEG. 
7 

9 

After mom entary application of the transfer-trip 
voltage as just exp l ai ned, recheck the calibration of 
the monitoring alarm unit ( 1 ) .  If i t  has c han ged, mak e  
n e c essary trimming adjustments o f  the shunt screws 
until there is  no change in calibrating of the alarm 
unit ( 1 ) after the  transfer- tri p vo ltage has been 
applied.  The purpos e of this test i s  to compen s ate 
for the small residual magn etism in  the rel ay unit. 
The ground alarm unit ( 5) will not be affect ed by this 
test as the amp e r e- turns of the  two windings canc e l  
e ac h  other.  

Al arm Unit ( 2) 

For the alarm unit of the  PM-2 or P M- 2 3  relay s ,  
adj ust  t h e  shunt s s o  that the  relay mo ving contact 

I .  L. 41 ·973.SK 

floats at one rna.  d . c . ,  and closes the left-h and con­
tact  at 0 . 7  rna.  d . c .  The  moving contact should fl o at 
midway between the  cont act and cont act stop at 1 . 0  
rn a. d. c .  There i s  no high-current calibration for this 
relay unit.  

Now apply 48 volts d.  c .  mome ntarily (one second 
or so) across the alarm unit co il- circuit t erminal s  in 
a direction to  o p er ate the alarm relay. Th en recheck 
the al arm unit calibration.  If  th ere i s  any change, 
tou c h  up the shunt adjustment s  until t h e r e  is  no 
chan g e  in calibration after 4 8  v .  d .  c. has been appli ed. 

Tripp ing Unit ( 3) 

To c alibrate the tripping unit of the P M- 3 ,  P;\1- 1 3 ,  
PMG- 1 3 , or  PM- 23 r el ays app ly a d . c .  voltage a s  ex­
p l ained bel o w ,  to the following relay terminal s :  

Mom entarily ( o n e  s econd or  so) apply 48 volts 
d.c. to the  t erminal s  shown in th e chart. Then startin g 
with both s hunts all the w ay in , turn out the right­
hand shunt screw until th e rel ay closes its ri ght-hand 
trip cont act at 14 volt s d.  c. (This will give approxi­
mately 2 rna. through the rel ay coil . )  Now draw out 
the l eft- hand shunt until the rel ay reset s  with toggle 
action ( not gradually) at not l e ss than 10  volts d . c. 
When the  c alibration i s  approximately correct,  again 
apply 48 volts d . c .  to the indic ated terminal s ,  then 
recheck t h e  pickup and dropout voltage,  mak ing any 
necessary trimming adjustments of the  shunts.  When 
the relay is  properly adj usted, the app lic ation of 4 8  
volts .  d .  c .  will not change t h e  pick u p  or  dropout vol t­
age points. The relay should trip and reset with tog­
gl e action in  this appl icati on.  This will re quire  both 
shunt screws to be withdrawn farther than for flo at­
ing action. 

Ground Al arm 1Jnit 

For the PM-5 relay ,  tum both shunt screws all 
the way in, then back t h e m  out fi v e  turns e ach . P ass 
a current of 0.3 rna. d . c . in termi nal 6 and out t er­
minal 7 .  Following the same general procedure as 
described pr eviously in the s ection entitled " A l arm 
1Jnit ( 1 ) , "  adj ust  the shunt screws so that the  l eft­
h and con tact closes at 0 . 3 rna. Now p as s  0 . 3  rna. d . c .  
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T Y P E  PM MON I TOR I N G  R E LAY S------------------------

in t ermin al 9 and out terminal 8 ,  and adjust fo r clos­
ing of the right-h and cont act at 0 . 3  rna. Rech eck both 
p ickup points several t im e s , and mak e trimming ad­
justments of both shunts as r equired to obtain con­
tact cl o sing at 0 . 3  rn a. d . c .  in each direction. 

For the gro und unit ( 5) of th e P M A ,  PMD, and 
P MG- 13 rel ay s , conn ect  a v ari able resi s tanc e  of 
about 50 , 000 ohm s i n  seri e s  wi th a 0- 1  d. c. milliam­
meter b etween th e t erminal s indicated in the follo w­
ing tabl e: 

Turn the shunts all the w ay in, then back them 
out fiv e  turns eac h .  With the rel ay connect e d  as 
shown in  the l eft-hand column of the tabl e, apply 
rated voltage to th e r el ay and adj ust the 50,000-ohm 
re sis tor for 0.3 rn a. d. c .  Now following the procedur e 
in the previous p ar agrap h  for the PM-5 relay, adj ust 
the shunts until the l e ft-hand co nt act clo s e s  at 0 . 3  
rna. d .  c .  Change the connections a s  indicated in  the 
right-hand column,  and adj ust the opp o site  shunt un­
til the r ight-hand co ntact cl o s e s .  Recheck back and 
forth sev eral tim es and mak e  necessary trimmi n g  
adjust m ents t o  o btain pi ck up at 0 . 3  m a .  In  each 
direction.  The armature will move gradually as the 

current i s  changed for  this relay unit. 

res unit 

Close the m ain relay tripping contact circuit with 
a jumper connected dire ctly acr o s s  the cont act  ter­
minal s  o f  th e polar unit. Pass sufficient direct cur­
rent thro ugh the relay trip circuit to clqse t h e  contacts 
of the  ICS unit .  Thi s valu e of c u rr ent should not be 
greater than the ICS tap s e tting being used ( 0 .  2 or 
2 . 0). The indicator target should drop freely.  The 
contact gap sho uld be app roximately 0 . 047 inch be­
tween the bridging moving contact and the adj ust abl e 
statio nary contact s .  The bridging moving contact 
should touch both stationary contacts simultan eously.  

R E N E W A L  P A R T S  
Repair work can be done most sati sfactorily at 

the factory . How ever ,  interchang eabl e parts  can b e  
fur ni shed t o  the customers who are equipped for 
doing r ep air  work. When o rd ering parts ,  alw ay s  gi v e  
t h e  complete nameplate data. 

Al arm (5) Calibration 

Relay Terminals 

Relay L. H. Contact Check R.H. Contact Check 

PMA 3 +  3 and 7 + 

P MD 5 5 and 7 + 

PMG- 13 3 8 3 and 9 + 

+ Milliammeter positive to this terminal 
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Fig. 6. Internal schematic of the type PMD relay in F T  

2 1  case - DC supply - for two terminal l ines. 

t• alSO 0 fill •8/125 Y.O.C. RELAY 
(8YPA$SU fOR •a i . Q . C .  QP(UTIO. . )  

8500 il FOR 2 SO  Y. O.C RELAY 

184A583 

Fig. 8. Internal schematic of the type PMD relay in the 

FT 21 case - DC supply - For three terminal 

lines.  

TO 
MOVIMil COIITACTS 

TO !HATIOUU·� 
COIHACTS 

POI.Ai liMIT 

L. CO .. ECT Tl'll S I.EAiJ AS 
St!OWM OOfTED FOR >t8: 
V.O".C.  OPEUTIOM 

t - 4250 0 fill lt8/t2S 'i.U.C. iE.LAY 
(i:iYPhS£0 FOR �8 Y.O.C. OPERATIOtl. 
OMI TTED J ill 250 'LO.C. OP£UT ION) 

1 j - 800 Q FOR >tS/125 't'.O.C. RELAY 
1200() 0 FOil: 2SO 't'.O.C.  RH.AY 

2120 1:1 

TUT SII TCJi 

184A498 

Fig. 7. Internal s chematic of the type PMD- 1 relay in the 

FT l 1  case - D C  supply - For two term in al lines. 

T O  STAT lOli.\RY -=---
CO.fACfS 

-

POLU. !JilT 

!1600 \1 

t • u:�A�S�� f::���S Y �Q�f.�· Q���:� !Otl) 

8500 0 fOR 250 V . O. C .  RElAY 

112.0 0 

____ TUNIIAJ.. 

184A582 

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

the F T  11 case - DC supply - For three term inal 

lines. 
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TY P E  PM MON I TORING R E LAYS------------------------

INTERNAL SCHEMATIC 

184A489 

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

F T  21 case. 

TYPE PM-4 IMPE DANCE 

INlC'I'<NAL SCHEMA'TIC 

'TE.RMINA.L':> 

I 

I 
����e.---jlt--......c""-1 I L��-) c_� 

fRONT VIEW 
2-D-1845 

Fig. 12. Internal  schematic of the type PM-4 A ux i l iary 

Un it  in the small  molded case. 

1 6  

IIOICATIIII 
COITACTOI �---� 
SWHCI 

ICS 

INTERNAL SCHEMATIC 

FRONT VIEW 

· -·-REO IIAoOL£ 

TEST SWI TCI 

TEIMIII.IL 

184A484 

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

FT 1 1  case. 

INTERNAL SCHEMATiC 

TO 
MO'IIA:Jo COMTAClS - �,, 

Irfi ' '.:, .:. I IT · · J/,. 
t 0 1 ' 1 · 1  

l 0 � POS 
s POS @-

WHH EOOAi. CIJRRUT HOWIIIG HIROUGK 
SOTri WUtDJttGS WIHi UlOtCAfEO POlAR itY. 
TitER£ IS l.ti NET TCII'Qt!E. 

FRONT \IIEW 

··- 5000 0 

184A501 

Fig. 13. Internal schematic of the type PM-5 ground 

detector relay in the F T  1 1  case. 
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TY P E  PM MON ITOR ING R E LAYS 

I.OICATIMG 
COWiUCTOR 
SWITCti -�. 

2210 a 

INTERNAL SCHEMA 'rJC 

ICS 

UPPER 
- POLAR \/ M I T  

(MDtiJ TOR I hG} 

M lli. IA�ETEA 

• .  ! 0000 ' 

� �EO M.OL£ 

TEST SWITCn 

CURUNT 
TEST 
,.iACl 

TEII:MiiiAl 

Fig. 14. Internal schematic of the type PM- 23 relay in 
the F T  2 7  case. 

IHTEI!UL SCHEHAT I C  

FIIOIIT V I EW 

'f'i1� 0 FOR 1141/l;tb Y. 
D�C. RfLA'f ( lfllASUD fOI 4a v. 

D.C. OPEUTIOII. ) 

8500 ll ,.. .. 250 v. 
O�C. ltELlf 

l!l -
FOR �/ l25 V, 0, C .  
ll:El.Al', RESI STOR 
IS TAPPU AT 
200 o. 

7 5600 Q 

1B4A650 
Fig. 7 6. Internal schematic of the type PM- 7 3  relay in the 

FT 32 case - DC s upply - For three terminal 
l ines. 

L -
C4111£C:T llU S UAO AS SIOWII OOTTED FOI: t8 
'I�O�C:. Of1:Ufl01· 
2110 0 fOil ll8/1U 'f. 

D.C. IEU'I' 
MOO 0 FOI 2SO l', 

Q.C. IEl.U 
li)IIU l"tt..M 111f T �···· 

(TI II'f'IOt) 
liiHCATIIlUil " 
COITAeTOI 
Rlltl! 

si:IOO o -·---

IIUI!IIAL SGH£1UTIC 

:.!- 0  .. -'- . _ _  ¢ 
l @ 3 

FIIOIIT V I EW 

I .L.  4 1 -973.5K 

t -
•ase 11 ;�.':ttl: • ·  
(IYI'.UilD f OI  Jt.t 1. 
D.C. Of'WHOI. 
GIIII TTU fOI U0 1. 
I.C. &EUY , )  
t t  

.. O fOII 111/ IU I. 
O .. C. llUY 

UOOO g fOI 2!10 if. 
D.C� liUY 

fOR U/ 125 Y,l), C. 
IELAY, IESI STOII: 
U TUI'£0 AT 
400 Q. 

TUMI IIAL 

184A495 
F ig. 75. Interna l  schematic of the type PM- 73 relay in the 

FT 32 case - DC supply - For two terminal  
lines. 

2 TERMIUI. LIME 
.2120 0 FH U/115; 

O.C. lULU 
!)100 Q fOI: 2;!) '1. 

O . C . RCI..U 

l TUHIUL liiE 

1SXI ll FIH: "8/t2S Y. 

11000 a �;.i·�;�•:. I 
O.C. IH.AY / 

LMI POUR _,11 -'" 
(Titl'f'lll) 

IIIUCATIIiG 
COtHACTOR 
SWITCM 

fUll WUE 
RECTIFitil:-···· --+-J--

I•TERUL SCHaiAT I C  

fiiOIIT VIEW 

D. ·  
COUECT TIIJ L.U.0 AI 
SHOW OQTT£0 FOl llt 
Y.li.C. OPEIIATIQI • 

l'l-
fOR tt8/l2S Y. D. C. 
RElAY • RES I STOl 
IS TAPPED AT 
:zoo Q. 

RED 11AIIiOI.f 

····TEST $WITCtt 

184A512 
Fig. 1 7. Internal schematic of the type PM- 13 relay in the 

FT 32 case - 720 volt, 60 cycle supply For 
two or three terminal lines. 
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TY P E  PM MON ITORING R E LAYS------------------------

�Q�N�Ci rr. l .i  LEA:> A.i 
JHOo<ti ;QlTEJ FC� � 
'/.). ::. OPERATlOit. 

INDI CATl H•J 
CONTACTOR 
.)n ! T ;:Ii 

tSOO G 

IMTERUl SCHEMAT I C  

" 
COMiltC T hH S 1.£40 AS 
S1t0101 i:IOTTEQ FQI'i �8 
LO.C. OPEii!.tfiQ)h 

! N O I CATii•G 
COMTA;TOR ----­
Swi T.:n 

2120 a 

f>QOO 0 

\l fOil �j 125 y, 
D . C . ,  �i:lU __... )ace 11 fJR zso � .  
a.c. U.L.Al 

FROIIT V I E� 

t �  
�t2SO 0 FOR t;8/12S ¥ .  

O , C .  iElAY 
(in'PASSEO fOA >i8 �. 

O.C. OP£RATI01i. 
OMITT!J) Ill. 2&0 Y. 

D.C. RELA 't' , )  

tt -
800 fl FOR "f.8/ I2S Y. 

0. C. RElAY 
11000 !1 fOil 2!)0 Y� 

O.C. UU.Y 
.,;-

fOR %/ 12'j Y . I,) . C  • •  
RELAY • R E S !  STOlt 
IS TAPPEO AT 
a:;;u o. 

- HlV�LE POL.U UM I T  
(TiUPPilll.i) 

ltD I'IAMOL£ 
TEST SliHCrt 

T�O. 4111.\L 

184A499 
Fig. 18 .  Intern al  schematic of the type PMG- 13 relay in 

the F T  32 case - DC supply - For two terminal 

lines. 

IMTERHAL SCHEMAT I C  

fRONT V I E� 

+ -
Jtso :; ro� 4.8/125 v, 

0. C. RELA¥ 
(O'I'P ASSEO fOR Ita 'i, 

O . C . OPERATION] 
8SQC r. FOil 2SO Y. 

J.C. RELAY 

1 UPPt.ii POL A-t UN l T  
I {tolOM lTCdtltG) 

- H I OJU POL AR UN I T  
(T!!tPP!f'l:}) 

R£:1 hANDLE 

··� TEST Sl'il  TCH 

184A658 

ll'l-
FDli lt8}125 Y. ii. C. 

REt..AY',IIES! STOR 
lS TAPP ED AT l&o n. 

l"l:HCATIIIb 
CO*UCTOli 

SWiTCri �-

fUI..l WU£ . _ _  
ilEC T i f i E � 

2 TERM I MAl Ll M£ 

2120 n ���-It!��; vi 
S600 ri fOil 2510 Y. 

O.C. i!EU.Y 

3 tEiMHiAl LINE 1 
t�O 0 �OR �+8/12-S 'I� 

D.C. K£LH j' 
llOOO i1 fOR 250 Y. 

O.C. RELAY 

fRONT VIEW 

"' 
CONNECT hilS LEAD ;, 1 
SriOitll OOHEi:l FOR >t5 
¥.D.C.  OPEbfiOM· 

t = COMM£CTED 4$ SKOWM 
OOTT£D FOR J TERW. 
tiM£ R[LU 

800 fl 

UPPER POLAit iJf!: I i 
{lt)N I TOitlllv) 

5000 I} 
· M I DDLi POW UM I T  

\ TR IPP IM(i:) 

··- it HI KAMDLE 

T£ST SIIHTCn 

TflhdUI.. 

184A513 

F ig. 19. In tern al schematic of the type PMG- 13 relay in 

the FT 32 case - DC supply - For three term inal 

lines. 

Fig. 20. I n ternal schematic of the type PMG- 13 relay in 

the FT :32 case - 120 volt, 60 cycle s upply - For 

two or three term inal lines. 
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TY P E  PM MONI TOR lNG R E LAYS _______________________ I ._L._4_1 _-9_73_.s_K 

t - 4ZSO Jl FOR 
46/1�5 V,O,.C, RE:LAY 

( 6YPASSEO FOR 
48 IJ,Q,C. OPERATION. 
OMITT£0 FOR r "i$ 
2:50 \'.D.C. RELAY}. � 

INTEilHAt SCHEHAT IC 

tt-:���� ���c. RELAY L _Q _Q _Q - Q- Q - Q -
IZOOO.!t FOF! 
250 �Q,C. RELAY 

INDICATING 
CONTACTOR 
$WITCH 

LEAD AS SHOWN 
DOTTED FOR 
46 V.(l.C, OPERATION 

til ·  FOR 48/125 V.Q.C. 

6- CONNECT THIS �� 
RELAY,RESISTOR IS f · 
TAPPED AT 200 Jl.. I 

I 
L _  

1 

FOR 481/, - IK :5W 
FOR IZS \',- 3K !5W 
FOR 250V. · ;QK 2.5W 

I())( lOW 

UPPER POLAR UNIT 
(MONITORING! 

MIDDLE POLAR UNIT 

RED HANDLE 

TEST SWITCH 

TERMINAL 

3 4 9 0 A 5 9 

Fig. 2 1. P M G- 13 Relay with Ground A larm and Remote 
Trip - Two Terminal L ines with Telephone 
R elay O utput. FT-32 Case. 

TO MOVING 
CONTACTS 

TO STATION ARY -1="='-f----1 
CONTACTS 

t - 4 2 � 0 ..1\ 
t t - 800.fi FOR 46ANOIZ5 V.D.C. RELAY' 

12000 Jl. FOR 2�0 V.O.C. RELAY 

UPPER POLAR UNIT 

LOWER POLAR UNIT 

b,.- CONN:ECT THIS 
LEAD AS SHOWN 
DOTTED FOR 4;8 AND 
2'50 V.O.e. OPERATIONS 

TEST SWITCH 

TERMINAL 

3 4 9 0 A 6 1 
* F i g. 23. PMD R el ay - Ground A lorm, D. P. D. T. Contacts, 

Two Terminal Lin es with Telephon e  R elay 
O utput - F T- 2 1  Case. 

INDICATING 
CONTACTOR 
SWITCii 

LJ. - C ONN£CT THIS 
LEAO A S  SHOWN 
DOTTED fOR 
48 V.O.C. OPERATION 

INTERNAl SCHEM.\TIC 

FOR 48V. � I K 3W 
FOR 125 V.- !K 5W 
FOR 250 1/, - IOK 25W 

101( lOW 

' UPPER: POLAR UNIT 
(WONITORIHG) 

MfDDLE POLAR UNIT 

1500..1\ FOR 
48/125 v.O.C, RELAY 
4000 A FOR 
2!50 V.O.C, RELAY 

REO HANDLE 

TEST SWITCH 

T.ERMINA.L 

3 4 9 0 A 6 0 

Fi g. 22. PMG- 13 R e l ay with Ground A larm and Remo te 
Trip - Three Terminal L in es with Telephone 
R el ay Output - F T-32 Case. 

IO K l O W  

TO MOVING -­
CONTACTS 

TO STATIONAIO' 
CONTACTS 

UPPER' POLAR UNIT 

LOWER POL.&.R UNIT 

b..- CONNECT THIS 
LEAD AS SHOWN 
DOTTED FOR 48 V.O.C. 
OPERATION 

TERMINA.l 

-t- 3150 1\.. FOR 48/125 v.o.c. RELAY 
(8YPASSED FOR 4 8  VJ).C. OPERATION } 
85001\ FOR 250 V,O.C. RELAY' 

3 4 9 0 A 6 2 
* Fig. 24. P M D  Relay - Ground A l arm, D. P . D. T. Conta cts, 

Three Terminal Lines with Telephone R el ay 
O utput - F T- 2 1  Case. 
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TY PE PM MON I TORING R E LAYS-------------------------

20 

74 8 

REMOTE TRIP 
CONTACTS 

74 74 +---2-c=f--{ 
L
}----T_J} """" 

H 
H - 2oo o 

3550 (l -
9300 (l 

PILOT 

V,O,C, 
V,D,C, 
V,D,C, 

I I � � II 

48/125 V,Q C 

250 V,D,C, 

R 1 V,D,C,- : K 0 
V,O C , - 3 K O  
V, D C - I O K O  

R2 - 1 0 K [l ADJUSTASLE 

DEVICE NUMBER CHART 
7 4  TYPE PM D RELAY 
74X - TYPE PM-4 AUX, UNIT 
85 - TYPE PM-23 R ELAY 

10 
MFD, 

MA TYPE RX-351 MILLIAMMETER 

POS, 85 T 85 

t-��---�r--*---�3---.ALARM 
85 � 85 3 T � TRIP 

� ' 
7 1 9 8 5 3 0 

* Fig. 25. External schematic af the type PMD relay with type PM-23 or PM-4 relay - Two term inal l ines. 

tt t ot  il � .. Y.D.C. 

�UlC£ ·�!.�Ail 
1� - HPl PNi IIHAi' 

U50 ll • 12'i t.D.C. 
uoo o no t.o.c. 

P1LOT 

7tt.l - HP[ I'Jrlt AOIA. 01111 I 
6!1 � Tll'i l'ltt-23 kELAY 

- TYPE RX J51 1o4' b L IAMMETER 

290B247 
Fig. 26. External schematic of the type PM A relay with type PM-23 a r  PM-4 relay - Two terminal lines. 
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TY P E  PM MON I TOR ING R E LAYS I . L .  41 ·973.5K 

POS, NEG. 

l 
t I 

I 
..l 

'I' f 
f 

n - 2�� 

t - SHORTED - 48 
4250 0 125 
OMITTED ··· 250 

t t- 800 0 48/125 V.D.C. 
12000 0 250 v.o.c. 

R 1 - 48 V.D.C.- I K (l 
125 V.D.C.- 3K (l 
250 V.D.C.- IO K (l 

Rz - 10 K fl.· ADJUSTABLE 

5600 

I I � 

DEVICE NUMBER CHART 
74X TYPE PM 4 AUX. UNIT 
74-85 ..  TYPE PMG .. · I3 RELAY 
85 TYPE PM-23 RELAY 

0 - 48 V.D.C. 
0 - 125 V.D.C. 
0 - 250 V.D.C 

0 - 48 
0 - 125 
(l 250 

PILOT 

� II 

MA TYPE RX-351 MILLIAMMETER 

I 2 I 

85 IO 

r 
f 

POS. NEG. 

'�"� 
C O N TACTS 

85 
3 T � TRIP 

� lJf 
7 1 9 8 5 2 8  

* Fig. 27. External schematic of the DC type PMG- 1 3  relay with type PM-23 or PM-4 relay - Two terminal fines.  

POS. NEG. {
!

EMOTE TRIP 
CO NTACTS f f  

f f  
1---

t 74 T 

74 
6 

t 

t - SHORTED 48 V.D.C 
30000 125 V.D .C. 
85000 250 V.D.C. 

R 1 V.D.C. I K o  

74 74 V.D.C. - 3 K O  

iO T V.D.C. - 10 K O  

ALARM R 2 - 10 K fl. ADJUSTABLE 

DEVICE NUMBER CHART 

74 TYPE PMD R E LAY 
74X- TYPE PM-4 AUX. UNIT 
85 TYPE PM-23 RELAY 

ff - 200 4 8  
2000 125 
5600 250 

PILOT 

� 181 
74X 

1::,. 10 
MFD. 

74X 

85 
3 

-�T R I P  

� !!2 
4 

/ PM-23 RELAY MAY BE 
¥" USED I N  PLACE OF 

PM�· 4 AUX. UNIT 

Ill! - HCB INSULATING 
7 . 1 K  TRANSFORMER 

SECONDARY 

l:>,- REQUIRED ONLY 
WHEN HCB RELAY 
IS USED 

/ PM-4 AUX. U N IT MAY BE 
USED IN PLACE OF 
PM-23 RELAY 

7 1 9 8 5 2 9  

* Fi g. 28. Externa l  schematic of the type PMD relay with type PM-23 and PM-4 relays - Three term inal lines. 
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T Y P E  PM MON I T O R I N G  R E LAYS 

22 

"'t··t=IEG. 11boOT£ TR I P  

1<1

•85 
COOTACTS --._-�--------------------�r��L-r-----, 

7ij.8$ 
-

-

7-�------------------���=r� 

120 ;Qt.n 
10 CYCLES 

1..-1s 
-r • 

MfO. 

t - 200 n - ·� ;. o.c. 
2!20 0 - 12> • •  o.c. 
S600 0 .. 250 Y.U.C. 

t t - too o - •6 •• o.c.  
2120 0 - 1 2 5  '.o.c.  
5600 0 - 2>0 v.o.c.  

W I � £  

��·· t t  
.---c.=-J---4 \ 

REMOTE TRIP 
COli !ACTS 

� • HC8 �HAY IISUUTIHG 
TM .. SFOM14U SECOIOAal 

POS. 

----c�------tc�-"1-+• ';!. -0-----+ AUI!H 
1+-3, !----" 7···5 

t-----w-ct>-lf-15 .,-1� TR IP 

L;� 

___ i).EY ICE IIUMBEA CHART 
7ij.85 • TTP£ PMG• !J AELAl 
So - TYPE ,.,...2J MELAY 

6 - MEQUIUO OIILY 1111£11 
HCB �£LAY IS US£0 

POS. 
8> 

0-�----�'--j( b--+ ALAI!H 

8> ' T 
� TR I P  

y� 85 
• 290B250 

Fig. 29. External schematic of the AC type PMG- 1 3  with type PM-23 relay - Two termin al l ines. 

t- S.KOII:TEi> 
-.2;0 n 

OM I !TEO 

.. a. �.o.c.  t23 t' . O . C .  
2 !) 0  L O . C .  

aoo n - .. ll/ 12!1 w . o .c.  
1 2 0 00  l"l 2�0 l' . D . C .  

NG 
T 

N-8!:. t--1--_;-l'):l+--<"*"-'-�-{)--+-
AlAihf 

t - 111 1 - u v.a.,. 1120 il ... ll! If. D.C • ... g � 2:50 If. D.C.. tf - 1• 0 • 'It Y.D.t. 
2120 g - lU Y.tl.t. 
�_, a - uo 'I'�D.t. 

a - KC& REI.AY IMSUL.Afllfii 
TIU.IISFOIIJ4Ei 5EC0tfDAill' L • <>-----j4-------{;::;:J--' 

t::. - IIEQU IR£0 OIH't IU\[11 
HCS H[l,.U IS USED 

TYPE P'lll:-:� KEUY 
HPE P�--4 lUI. U'-IT 
TYPE P'M-lJ RELAY 

- TYPE 1'M-ll ULAY 

290B253 

Fig. 30.  External schematic of the D C  type PM- 1 3  and PM-5 relay with type PM-23 or PM-4 relay - Two terminal lines. 
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T Y P E  PM MON I TO R I N G  R E LAYS -----------------------• · L_._4_1 -_97_3._s_K 

!'OS •• lEQ. IEIIOTE !liP N 85 

I
TCOoTAtlS -iT t 
f---+--�----�--cHf- -=-----, 

t t  

2120 0 

2120 0 

t t  

� t 

< t • SKDI!EO • *8 Y.O.t. 
*2;c o • U5 • . o . c. 

OMI ITED • 250 Y.D.C.  

tt- soo o - •lll u5 v.o.c. 
12000 o • 250 r.o.c. 

t • 100 u • �8 v.o.c. 
2 1 20 Q • 125 v.o.c. 
56CQ C �� , , Q,C. 

tt . 100 c • •& v.o.c. 
2120 c • 125 •• o.c. 
5600 0 • 250 '· o. '· 

P I LOT 

II II 

B 
II liE 

llll • MCI REUT I UUUTIMo 
TROSFOIIMU SECOoDUT 

t. • UQU liED OM-' WHEI 
KCB RELAY IS USED 

Of> ICE •IIIIIER CIIUT 
• s. 

- �\ �r r------{=--4� 
IEMOTE UIP 
CONTACTS 

I 
' . l .  
I '  
I • 
l 
l 7�X L - -o>=-�-�j414--

7 . 1 &  

USE E I THER I 
lUI MOl IOTK 

701 • TYPE PM-* AUI. UIIT 82 8> 
l-0-l!-----J.l<--� AUIU< 7,._85 · • TTPE PM-ll IEUY 

85 • !YPE PM-23 REU• 

85 
3 1 
. f-- � Ti l P  

t-!�o-J 85 
<r 290B258 

Fig. 3 1. External schematic of the DC type PM- 13 relay with type PM-23 or PM-4 relay - Two term inal lines. 
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T Y P E  PM MON ITORING R ELAYS -------------------------

Fig. 32. O utline and Drilling P lan for 10 mfd. capacitor -
For reference only. 

""···---{.;� -

26-D-
Fig. 34. Outline and Dri lling P lan for the type PM-4 A ux· 

ili ary unit i n  the proj ection molded case. 

24 

9 32 D I A. 

Fig. 33. O utline and Drilling P lan (or External R emote 
trip R e sistor A ss embly. 

.... 

/ ''' ""' r' 'n--1,_, "·-I 
I ;: . 

T 

F i g. 35. O utline and Drilling P lan for the type PM·4 A ux­

i li ary un it  in the Semi-Flush molded case. 
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TY P E  PM MON I TO R I N G  R E LAYS -----------------------
1
-.

L
_. _

41
-·

9
_

7
_
3

._
sK 

I � 

�'�. �J_j_-� 1. ! 1 � 6 ! � 
..... ,: .. ". � I 
SEioii· F"LUSII loiTG.- �� �--·�··___] 
PRQ.JECTIOII MTG. --- -

5 
· - I ll SCWi 16 ( FOR Till c• 

PAIIE L  USE 

?...- 18 STUD) 1 6  . 190-32 SCWi 

9 
l6 

3 "i D I I  .. I O  MOLES 
OR CUT OUT 

TEIIMIUL. MID 
MOUlT I NG -DETA I LS 

PANEL CUTOUT & DR I LL I N G 
FOI SEioi i • FLUSH loiTG. 

P : L.. OT P L ATE St.JI\P} W H E N  U S.ED ON RE. L �Y ( TAE> 
T"O RE P..R.) 

,..._ _ __,,.......--_____ 5 � -----1llol 
8 

�-�---·- ·2 .?.! � 
-���; >-+-.;.....;-;;...-...,. 

PANEL D R I L L I N G  OR CUTOUT FOR 
PRGJ fCT I ON MTG. 

( FRONT V I EW) 

\ 
TE� I NAL 
NUl48t� 

57-D-7900 

Fig. 36. Outline and Drilling P lan for the type PM-3, PM-5, & PMD- l Relays in the type FT l l  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 2 1  case. 
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Fig. 38. O utline ond Drillin g  P ion for the type PMA relay in the type FT 3 1  case. 
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Fig. 39. O utline and Drilling P lan for the type PM- 13 and PMG- 1 3  relays in the.type FT 32 case. 
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