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SERVICE SPECIFICATION SU-3167 

PP-51 D. C. PLUG-IN TYPE POLAR RELAY 

SUPPLEMENTAL SERVICE SPECIFICATIONS:-

#3167A - PP-51 D. C. PLUG-IN TYPE POLAR 

RELAY FOR USE IN PP-51-1 AND PP-51-2 

RELAY COMBINATIONS 

This Service Specification covers the necessary information for the 
adjustment and calibration of PP-51 Plug-in Type Polar Relays. Relay Pc. No. 
228424, or any other relay with the lower portion of the name plate stamped 
"Special for PP51-1-2", 1lli!2t be adjusted and calibrated in accordance with supple
mental Service Spec. #3167A covering PP-51 relays for use in PP51-1 and PP51-2 
relay combinations. 

1. ARMATURE TO POLE FACE AIR GAP ADJUSTMENT 
The armature is set at the factory to an air gap of 0.018 inch at the 

center of each armature tip before the pole faces are painted. A check is made 
to see that the air gap along the entire edge of armature tip is between the limits 
of 0.016 inch minimum and 0.020 inch maximum. 

Safety stop pins must not touch the pole faces. They are filed .005 inch 
shorter than main stop pins. Treatment of pole faces should be in accordance with 
instructions outlined in our Pamphlet U-503 8 covering "Union Pole Face Treatment". 
The large bronze insert in each pole piece against which the armature stop-pin 
strikes must be kept entirely free from paint. 

2. ASSEMBLY OF PERMANENT MAGNETS 
The clamping bars for attaching the permanent magnets are assembled 

with the larger width between the holes and the edge placed on the bottom so as to 
hold the permanent magnet pole face in the position farther away from the arm
ature. 
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The air gap between the armature and the permanent magnet should be 
adjusted to 0.060 inch at the point of the armature closest to the engaging face of 
the permanent magnet. This air gap should be adjusted with the opposite end of 
the armature against the stop pin in its upper pole piece, and with the end of the 
armature being adjusted pulled away from its upper pole piece to take up the play 
in pivots. This adjustment should be made for both ends of the armature. Each 
permanent magnet must be securely clamped and the screw heads locked with 
the sheet metal lock washer provided. 

If necessary in order to meet calibration requirements, the permanent 
magnets may be raised or lowered. On relays having an air-gap of 0.060 inch, it 
is permissible to change this air-gap between the limits of 0.040 inch and 0.070 
inch. 

Care should be taken to ~ that the armature is not permitted to 
touch or approach closely the engaging faces of both permanent magnets at the 
same time. It is possible that such improper handling would decrease the strength 
of the permanent magnets. Likewise the permanent magnets themselves should not 
be so handled that similar ends of the magnets are brought together. 

If the support casting has been removed from the base, the rear per
manent magnet should be adjusted so that a force of approximately 700 grams 
on the operating arm pin is required to move the armature away from the rear 
magnet. 

3. ARMATURE POSITION INDICATOR 
Adjustment of the armature position indicator should be made to in

sure a minimum clearance from the name plate of 3/32 inch in all positions. 
Viewed from the front of the relay, the green indicator should be in full view with 
the front end of the armature (the end nearest the name plate) in the normal 
(down) position. The indicator should be completely hidden with the front end 
of the armature in the reverse (up) position. Refer to Figure 1 for illustrations 
concerning this adjustment. 

4. OPERA TING ARMS 
The shaft must fit freely in the bracket so that it can be turned without 

any binding. Each operating arm must be free on the shaft and have slight side
play in the bracket. After the ends of the shaft have been spread to lock it in 
position, it should have perceptible end play. 

Adjustment of operating arms on PP-51 relays made before late 1942 
(equipped with guide springs): The~ springs at the lower ends of the oper
ating arms must be straight and free from kinks.. The operating arms should 
be aligned so that they are approximately vertical and centered in the clip por
tions at the ends of the heel contact springs. When the screws attaching them 
to the guide springs are tightened, each operating arm should be so held that 
there will still be some play on the shaft. After these springs have been tight
ened and the screws locked, a check shall be made to prove that they have no 
tendency to buckle when the armature is moved through its full stroke. 
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ADJUST NAME~~;..,n....., 
PLATE PROJECTION 
TO PROVIDE MIN. 
CLEARANCE IN ALL 
POSITIONS. 

FIG.1 ... INDICATOR IN FULL VIEW WITH FRONT END 
OF ARMATURE IN NORMAL(DOWN) POSITION 

Operating arms on PP-51 relays made since late 1942 use no guide 
springs. Instead of having projecting molded fingers, these arms have holes 
through which small metal pins pass, with a separate insulating bushing on each 
end of the pins. These engage the spring clips at the ends of each heel contact 
spring. No further adjustment on the arms is necessary. Adjust the spring 
clips according to Section 5B. 

5. CONTACT ADJUSTMENT 
A. General 
The fingers supporting the contact springs should be straight and ap

proximately at right angles to the relay base. All adjustments of contacts shall 
be made by bending the fingers with the bending tool applied between the rivets. 
Because of the effect of the weight of the contact tips all che~ks of contact ad
justment shall be made with the relav in the normal upright position. 

For cleaning and trimming of contacts --- see Service Specification 
SU-4560. 

B. Heel Contact Springs 
1. Before adjusting the heel contact springs it is essential to see that 

the ends of both clip members on each spring are about the same distance from 
the center line of the spring and that they have been pre-adjusted approximately 
as shown in Fig. 2. 
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The clips on the lower row of springs must have the ends bent in toward 
each other so as to hold the operating arm bushings, when applied. 

The clips on all other springs must have the ends open and the members 
parallel so that movement relative to the operating arm bushings will not be re
stricted, when applied. 

The upper row of heel contact springs should be adjusted to a dimen
sion of 1.500 inch from the pole faces to the center of the clips at the ends of 
the springs. The lower row of heel contact springs should be adjusted to a 
dimension of 3 .000 inch from the pole faces to the center of the clips at the ends 
of the springs. This can be accomplished, if desired, by using a special fixture 
with projecting round pins shown on Dwg. A2586-Sh. 61. (Prints will be fur
nished if requested.) 

The special fixture should be assembled in place of the operating arms 
with its free ends against the relay base. (Earlier relays will require 1/8 inch 
thick spacers between free ends. of the fixture and the relay base.) The fixture 
can conveniently be held in place with a rubber band around the front of the 
fixture and the back of the relay base. Use a spacer 0.080 inch thick, at the 
front armature stop pin, held firmly by pressure applied near the end of the 
armature beyond the stop pin and away from the pivots so as to take up the play 
in the pivots with the other end of the armature being pulled away from its main 
pole piece. 

Adjustment shall be on the supporting fingers only and made so that 
the fixture projections, which are smaller in diameter than the operating arm 
bushings, are approximately centered in the heel spring clips. This adjustment 
must not be changed after the operating arms are applied. 

After the heel contact springs have been adjusted, the operating arms 
and the guide springs (if provided) should be applied as outlined in Sec. 4. 

When installing operating arms having guide springs, observe the fol
lowing: The clips at the ends of the heel contact springs should be adjusted to 
have appreciable play from the projecting pins on the operating arms. All clips 
must have perceptible clearance but none should have more than .003 inch play. 
The clips should not bind the operating arms at any point of their travel. 

When applying the newer operating arms without guide springs adjust 
as follows: Adjust the clips with respect to the fit on the bushings, as necess
ary, to meet the conditions covered by Fig. 2. 

The bushings for the lower row of springs should be positioned with 
their flanges against the clips. 

A check shall be made to see that the operating arm is free from the 
bushing flanges, with the end play between the operating arm and its bracket 
taken up in each direction. 
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OPERATING ARM 

REMOVABLE BAKELITE 
BUSHINGS 

HEEL SPRING CLIPS IN UP
PER ROWS,(WHEN MORE 
THAN ONE ROW IS USED) 
ADJUSTED TO BE PARALLEL 
& TO BE FREE ON BUSHINGS 
WITH MAXIMUM CLEARANCE 
OF 0.003'.' 

HEEL SPRING CLIPS IN BOT
TOM ROW OF CONTACTS OF 

~&&1,,1.....,'""i ALL RELAYS, AND ON RELAYS 
WITH ONL't SINGLE ROW OF 
HEEL CONTACTS, TO BECLOSED 
•IN AS SHOWN USING SPECIAL 
PLIERS AS PER r!G. 3 

FIG.2 ... ADJUSTMENT OF HEEL SPRING CLIPS 

2& 3832-A 258&-SH.85 

0 
PLIER JAWS WITH STOP TO 
PROVIDE :v32"0PENING WHERE 
THE ENDS OF THE HEEL SPRING 
CLIPS ARE GRIPPED. 
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FIG.3 .. METHOOOF CLOSING-IN OF LOWER HEEL SPRING CLIPS 

If there is reason to believe that the adjustment of the heel contact 
springs has been changed accidently or otherwise, this should be checked as 
follows: For operating arms with guide springs, remove only the pivot pin 
and carefully withdraw the operating arms from the spring clips. For the newer 
arms without guide springs, it is not necessary to remove pivot pins to with
draw the arms from the spring clips. When the arms are withdrawn, the 
heel springs should be in the mid-position with all contacts open, the upper 
contacts having an opening of at least .010 inch. 
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C. Reverse Contact Springs 
The reverse (upper) contact springs should be adjusted so that the tips 

barely show light with a spacer at the front armature stop pin .065 inch thick. 
A .002 inch thinner spacer should allow the contacts to close. It will be per
missible to use spacers of from .050 inch to .075 inch if necessary to obtain 
proper calibration or contact opening. 

D. Normal Contact Spring 
The normal (lower) contact springs shall be adjusted with a spacer at 

the rear armature stop pin .065 inch thick. This may be varied from .050 inch 
to .075 inch.if necessary to meet calibration requirements, but a chsck shall be 
made that when the front contacts are just touching, the back contacts have at 
least .020 inch opening. When the armature is against either stop, the contacts 
must have at least .050 inch opening. 

6. CALIBRATION 
After the relays have been inspected and adjusted in accordance with 

the foregoing, they shall be calibrated to meet the requirements outlined in the 
following paragraphs and tables. Before calibrating, the relay should be ener
gized at the charge value and the energization pole changed several times allow
ing the current to build up to full value in each direction. In the case of a coil 
with two similar windings, the relay should be energized with the negative battery 
lead applied to the center tap on the coil (connection to terminal in #4 contact 
space). The positive battery lead should be applied to one or the other of the coil 
terminals on the mounting base. 

A. The polarity should be checked by applying the plus terminal of the 
power supply to the right hand coil terminal on the relay (as viewed from the 
front of the relay) or to the upper coil terminal on the mounting base and with 
the negative lead applied to the left hand coil terminal (lower coil connection on 
the mounting base), or the center tap connection of the coil, the upper (reverse) 
contacts should be closed. 

B. The polar pick-up and working values shall be checked after the relay 
has been energized to a charge value as shown in the tables. The current shall 
then be reduced to zero and the polarity reversed, gradually raising the energiza
tion until the armature reverses. In the case of a center tapped coil, after the cur
rent has been reduced to zero, the positive lead should be moved to the other coil 
terminal and the current raised until the armature reverses. The value of ener
gization at which the armature reverses shall be no more than the value given in 
the table for pick-up and working. 

C. Normal and reverse pick-up and working values should be within 15% 
of each other after the cover has been applied. In order to obtain proper calibra
tion values the contact adjustment may be changed within the limits given in Sec
tion 5. Some changes in calibration v:alues can be obtained by readjusting the 
front permanent magnet within the limits of spacers given in Section 2. 
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D. The travel of the armature should be from stop on one side to stop 
on the other. In other w~rds, when the polar pick-up value is being measured, 
after the armature starts to move away from one stop, it should continue its 
travel until it comes to rest against the other stop. 

E. The armature should be slowly pulled away by hand from its last 
energized position, but not far enough to open the contacts on that side. The 
armature should return to its stop when the pull has been removed. 

7. CHECK OF PERMANENT MAGNET HOLD DOWN TORQUE 

~ 

With the relay de-energized and the armature in the last energized 
position, a force of at least 300 grams applied at one end of the operating arm 
pivot pin shall be required to cause the armature to move away from the per
manent magnet. This check should be made from both positions after energizing 
the relay at the maximum polar pick-up and working energization shown in the 
calibration table. 

8. FIELD TESTS (Suggested) 
1. Check polar pick-up values in both normal and reverse directions. 
2. If the maximum value obtained in either normal or reverse direc

tion is more than 110% of original marked value, the relay shall be taken out of 
service. 

3. Normal and reverse polar pick-up values may be permitted to differ 
from each other as much as 15% on new relays. If this difference exceeds 30% 
of the higher value observed in the field, it is suggested that the relay should be 
removed from service. 

9. CONTACTRESIBTANCE 
Resistance of contacts shall be measured with the armature against the 

stop pin. Resistance of both normal and reverse contacts should be observed. 
Cleaned contact resistances must not exceed the values given in the following 
table: 

Types of Contact 

Silver to Silver 
Impreg. Carbon 

Silver to Silver 

10. ASSEMBLY OF RELAY COVER 

Ohms 

0.09 

.03 

There are three types of covers which have been used on PP51 relays. 
Early relays used the one-piece deep glass cover while later relays use the two
piece cover consisting of a bakelite shell and a shallow glass cover or the one 
piece plastic cover. 

On relays with a one-piece cover, the gasket shall be assembled so that 
the bead fits into the corresponding groove in the relay base. The gasket need 
not be cemented to the base. 
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On relays with a two-piece cover the bakelite shell fits into the groove 
in the base without a gasket, and a gasket without bead is used between the shell 
and the glass cover. Adhesive, is used on both sides of this gasket. 

Three methods have been used for fastening covers on plug-in relays:-
A. On all relays with the one-piece glass cover and on early relays with the 

two-piece cover, metal bushings have been assembled in the.cover holes against 
the magnet support casting and projecting outside of the cover. Resilient washers 
were applied on top of the glass around the bushings so that they extend 1/32 inch 
to 3/64 inch beyond the bushings. This method should be abandoned and covers 
applied in accordance with paragraph "B" and Fig. 4. 

B. On later relays with the two-piece cover or the one piece plastic cover, the 
cover is compressed against rubber bushings as shown in Figure 4. This method 
should be followed for earlier relays when ove-rhauling. Material needed to apply 
this later cover fastening to a single relay is covered by ordering reference S.B.M. 
244315. 

C. On new relays with the two-piece cover or the one piece plastic cover, the 
cover is compressed against rubber bushings as shown in Figure 5. (The jam nut 
is between the casting and the bushing.) This method cannot be used on earlier re
lays. Its purpose is merely to facilitate proper locking of jam nut, and uses a re
designed support casting "C". 

FIGURE 4 
Previous design cover assembly 
(Earlier type assembly should be 
revised to agree. Material necess
ary is S.B.M. 244315) 
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COVER ASSEMBLY INSTRUCTIONS 

1. Apply limiting studs "A" to brass support casting "C 11 but do not 
lock in position. 

2. Place relay cover "D" in position but do not assemble compres-
. b h" "B" s1on us mgs • 

3. Using a large screw driver or special wrench in slots of limiting 
studs, adjust until tops of studs are flush with top of ground bosses of relay cover. 

4. Remove relay cover, hold limiting studs fixed in their adjusted po
sition, and jam the lock nuts "E" tightly to securely hold the limiting studs in 
place. Bend sheet metal lock washers "F" to lock against edge of casting and 
against flats of the lock nuts. 

5. Assemble compression bushings with flats toward sides of relay. 
6. Apply relay cover, handle "G", plate "w" and screws "H". Al

ternately tighten screws, compressing bushing "B" until handle is clamped 
securely against the top of the limiting studs. 

7. Apply lead seal "J" in the normal manner. 

11. RELAY INDEXING 

The following data defines the indexing that has been established for 
relays covered by this specification. 

1. The index code always consists of a combination of letters and is 
used for both the relay base and its wall mounting base. 

2. The index code for each relay is marked on the name plate attached 
to the front of the relay. 

3. The index code for each mounting base is marked on the upper 
half of the base. 
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4. Relays and mounting bases manufactured previous to August 1, 
1945 do not have the index code marked. 

MOUNTING BASE 
FRONT VIEW 
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INDEX BE INDEX Pf" 
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5. It is important that when relays equipped with indexing are re
paired that the index pins and holes are located as on the original relays to 
correspond with the mounting bases. Diagrams on preceding page show typi
cal indexing combinations for some of the relays. 

6. The index letters ref er to specific locations for pins and for mating 
holes to match. In the typical examples shown on preceding page the pins are 
shown "e" and holes "0". If more complete information for indexing is de
sired, it will be supplied on request. 

TABLE I 

CALIBRATION VALUES FOR RELAY EQUIPPED WITH CENTER 
TAPPED COIL AND 8 NORMAL - 7 REVERSE L. V. CONTACTS 

OR 7 NORMAL - 8 REVERSE L. V. CONTACTS 

Resistance Max. Polar 
Each Half Charge Pick-Up & 
Winding Working 

In Ohms Amps Volts Amps Volts 

625. .060 37.5 .0150 9.4 
1000. .049 49.0 .0121 12.1 
250. .096 24.0 .0240 6.0 
400. .076 30.2 .0189 7.55 

TABLE II 

CALIBRATION VALUES FOR RELAY EQUIPPED WITH SINGLE 
WINDING COIL AND 8 NORMAL - 8 REVERSE L. V. CONTACTS 
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Relay 
Resistance 

In Ohms 

100. 
240. 
400. 
550. 
800. 

1300. 

Charge 

Amps Volts 

.095 9.5 

.063 15.2 

.049 19.7 

.043 23.8 

.036 29.0 

.028 36.5 

Max. Polar 
Pick-Up & 

Working 

Amps 

.0238 

.0158 

.0123 

.0108 

.0091 

.0070 

Volts 

2.38 
3.79 
4.92 
5.94 
7.3 
9.1 
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