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''UNION'' SERVICE 
SPECll'ICJI.TION NUMBER 3857 

UNION SWITCH a SIGNAL ••••• SWISSVALE, Pll..- -
DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY 

STYLES "PNP-54" AND "PNP-54A" PLUG-IN POLARIZED RELAYS 

******************************************** 
Supplementary Specifications: 

3557-A: .... Styles PNP:-61 and PNP-61A plug-in polarized reblys for switch 
machine contrQl. 

3557-B ..... Conversion. of Styles PNP-54 and PNP-61 relays to equivalent 
Styles PNP-54A and PNP-61A relays. 

' ' 

******************************************** 

This service specification covers the necessary information for the ad
justme!lt and calibration of PNP-54 and PNP-54A plug-in type polarized re
lays. 

The PNP-54A relays are an improvement over the older P_NP-54 relays in 
that a longer polar armature stroke is provided, giving a greater margin of polar 
armature stability and less tendency toward a change in calibration due to ser
vice conditions. The contact arrangement and the calibration values for both 
types of relays are identical. Therefore, the two types of relays have been 
made entirely mterchangeable and there is· no change in the indexing combi
nations. 

It is recomme_nded that PNP-54 relays now in service be converted ~o 
PNP-54A relays in order to obtain the benefit of the increased stability of the 
more recent design. Information for making this conversion is given in Supple
mental Service Specification 3557 ·B. 

I. ARMATURE AIR GAP ADJUSTMENTS 

These adjustments are identical for both PNP-54 and PNP-54A relays. 

The neutral armature is set at the factory to a parallel air gap of 0. 015 inch 
before the pole faces are painted. After painting, a check is made to see that 
the physical air gap is not less .than 0. 013 inch. 

The polar armature is set to an air gap of 0. 020 inch at fr J center of each 
tip of the armature with allowable variation between the limits of 0. 018 inch to 
0. 022 inch at the corners. After painting the pole faces, these air gaps should 
not be less than 0. 016 inch. 

Safety stop pins must not touch the pole faces. They are filed O. 005 inch 
shorter than the working stop pins. 
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Treatment of the pole faces should be in accordance with instructions-out
. lined on our pamphlet U-5038 covering "Union Pole Face Treatment". The 

larg~ bronze inserts against which the armature stop pins strike must be kept 
· entirely free from paint. 

II. ASSEMBLY OF PERMANENT MAGNETS 

The air gaps between the polar armature and the front permanent magnet 
should be adjusted to the values shown in Table 1. These· air gaps should be 
measured at the point of the armature closest to the engaging face of the per
manent magnet, first taking up the play in the armature pivots by pulling the 
armature away froxh the pole piece (toward the permanent magnet) on the end 
being adjusted. 

Tll.e rear permanent magnet can be adjusted only after the· main support 
casting _has been removed from the base as described in Section m. After ad
justing this permanent magnet to the nominal air gap, the adjustment should be 
modified so that a force as specified in Table 1 · (applied on the end of the op
erating arm shaft but without operating arms assembled) is required to move 
the- armature away from the rear permanent magnet. It should be noted that 
the required 'force is different when the core is not assembled to the relay pole 
pieces. The proper method of using a gram gage is shown in Fig. 7. Tool ap
plication sketches, Figs. '7, 8 and 9 art: included at the end of this specification. 

H necessary, in order to meet calibration requirements, the permanent 
magnets may be raised or lowered, but neither air gap may be less than the 
value given in Table 1 as finally adjusted. 

Care should be taken to see that . the armature is not permitted to touch or 
approachclosely the engaging faces of both permanent magnets at the same 
time. It is possible that· such improper handling would decrease the strength 
oftiie permanent magnets. Likewise, the permanent magnets themselves should 
not be so handled that similar ends of the magnets are brought together. The 
permanent magnets must be securely clamped and the screw heads locked with 
the sheet metal lock washers provided. 

m. AUXILIARY SUPPORTS 

U for any reason itis necessary to remove the main casting from the relay 
base, first remove the screws that hold the special auxiliary supports to the 
front of the casting. Next, pry the supports from the dowel pins in the casting. 
Do not remove the supports from the relay base. As the supports are in
dividually fitted to each relay, care should be taken to see that the casting is 
reassembled to its original base and the support members. carefully reapplied 
to the casting. 

IV. ARMATURE POSITION INDICATORS 

Adjust name plate and armature position indicators to give at least 3/32 
inch clearance in all positions of the armature and to be in proper relation
ship with each other when viewed from the front of the relay. The green (polar 
armature) indicator ;,hould be in full view when the armature is in the normal 
position with the front end down as shown in Fig. 1. Likewise, the red (neutral 
armature) indicator should be in full view with the armature in the deenergized 
position. Both indicators should be hidden bv the name plate when the neutral 
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armature is in the energized position and the polar armature is in the reverse 
position with the front end of the armature against the front pole piece. 

ADJUST NAME PLATE--t*""'"II 
PROJECTION TO PROVIDE 
AT LEAST l~' CLEARANCE 
IN ALL POSITIONS. 

AUXILIARY SUPPORT 

GREEN (POLAR ARMATURE) INDICATOR 

,. , FIG.1...POLAR ARMATURE INDICATOR WITH ARMATURE IN NORMAL POSITION. 

V. RECEPTACLE SPRINGS 

Coil connector receptacle springs should be checked by inserting the hard
ened plated plug of gage Pc. 105460, Sh. 32-A2586 into the receptacle spring 
per Fig. 9. The force to withdraw the gage from the spring should be between 
3/4 lb. and 2-1/4 lbs. 

Contact receptacle springs in the mounting base should be checked in the 
same manner outlined for coil connector receptacle springs. 

VI. OPERATING ARMS 

The shafts for the operating arms must fit freely in the operating arm 
bushings and bearing brackets. Each operating arm should have a slight side 
play in its bearing bracket. After the ends of the shafts have been spread to 
lock them in position, they should have perceptible end play. 

The metal operating pins should be assembled in the proper holes in the 
operating arm where they should fit freely. They should be free in the contact 
operating bushings which are assembled on them. 

VII. CONTACT ADIUSTMENT 

A. General 

The fingers supporting the contact springs should be straight and approxi-' 
mately at right angles to the relay base. All adjustments of contacts shall be 
made by bending the brass finger with a bending tool applied between the rivets 
as illustrated in Fig. 7. Because of the effect of the weight of the contact tips, 
all checks of contact adjustment shall be made with the relay in the normal 
upright position and mounted on a standard relay mounting base. Contact sup
port fingers should be adjusted by using the alignment tool so that the contact 
tips make without side overlap. 

Contact surfaces should not be disturbed unless there is evidence of severe 
pitting from excessive loading. In case, contacts must be redressed, nothing 
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coarser than a #6 pillar file should be used and this should be followed by the 
use of Metallographic paper to remove file marks. 

Dust from the carbon tips should be removed by pulling through the closed 
contacts a piece of coarse lintless bond paper wider than the contacts. A coated 
or glossy paper should not be used, and the edges or ends should not be pulled 
through the contacts because of the possibility that particles of paper might re
main in the contact area. 

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 preadjusted approximately as 
shown in Fig. 2. 

The clips on the lower row of springs must have the ends bent 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 bushing will not be re
stricted, when applied. 

2. Adjust neutral contact heel springs using special adjusting fixture, 
Pc. 242465, Dwg. A-2586-Sh. 61, with projecting round pins, assembled in 
place of the operating arms and pivoted in the operating arm bracket on the 
pin furnished With the fixture as shown in Fig. 8. The free ends of the fixture 
should be against the relay base. The fixture can conveniently be held in place 
With a rubberband around thefront of the fixture and the back of the relay base. 
Use a spacer as specified in Table 1 at the main armature stop pin, held firmly 
by pressure applied between the stop pin and the pivots, so as to bring the ar
mature as close to the pole faces as the play in the pivots will permit. 

Adjustment shall be on the supporting fingers only and made so that the 
fixture projections, which are smaller in diameter than the operating arm bush
ings, are approximately centered in the heel spring clips. This adjustment 
must not be changed after the operating arms are applied unless the contact 
openings of Paragraph VII-B-5 are not obtained. 

3. Adjust polar contact heel springs With the special fixture same as for 
the neutral contact heel springs except using a different spacer (see Table 1) 
at the reverse (front) stop pin and holding the spacer by firm pressure on the 
opposite end of the armature to take up pivot play With the rear end of the ar
mature pulled away from the rear pole piece. 

4. Apply operating arms after removing the special adjusting fixture. Ad
just the heel clips with respect to the fit on the bushings to meet the conditions 
covered by Fig. 2. The bushings for the lower row of springs should be posi
tioned with their flanges against the clips. The operating arm must be free 
from the bushing flanges With the end play between the operating arm and its 
bracket taken up in each direction. 

5. Heel spring contact opening With the operating arms removed should be 
checked by pulling the operating arm bushings and arms out of engag~ment with 
the heel spring clips. This should leave the heel springs in the mid-position 
with all contacts open by at least 0. 007 inch. 
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OPERATING ARM 

HEEL SPRING CLIPS IN 
UPPER ROW ADJUSTED 
TO BE PARALLEL AND 
TO BE FREE ON BUSH
INGS WITH MAXIMUM 
CLEARANCE OF 0.003': 

HEEL SPRING CLIPS IN 
BOTTOM ROW TO BE 

~~-, CLOSED IN AS SHOWN 
USING SPECIAL PLIERS 
AS PER FIG. 3. 
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FIG. 2 .... ADJUSTMENT OF HEEL SPRING CLIPS. 

0 
263832 -A2588 - SH. 85 

0 
PLIER JAWS WITH STOP TO 
PROVIDE 5/32

11 
OPENING WHERE 

THE ENDS OF THE HEEL SPRING 
CLIPS ARE GRIPPED. 

FIG. 3 .... METHOD OF CLOSING-IN OF LOWER HEEL SPRING CUPS. 

C. Neutral Front Contact Springs 

The front contacts should just show light at their tips using the nominal 
spacer at the neutral armature stop pin as specified in Table 1. It is per
missible to use other spacers within the limits specified in Table 1, if neces
sary, to obtain proper calibz:ation. Contacts should close with a spacer 0. 002 
inch thinner than the adjustment spacer. 

D. Neutral Back Contact Springs 

Back contacts should be adjusted to just show light at their tips using the 
nominal spacer specified in Table 1 at the neutral armature stop pin. It is 
permissible to use other spacers within the limits specified in Table 1, if 
necessary, to obtain correct calibration or proper contact openings given in 
Paragraph VII-G. 
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E. Polar Reverse (Upper) Contact Springs 

Spring stops, if furnished, should be adjusted to just touch the contact 
springs with no perceptible pressure. The contacting edge of the spring stop 
should be as nearly parallel to the surface of the spring as possible. 

Using the nominal spacer given in Table 1 at the front polar armature 
stop pin, adjust the reverse polar contacts to just show light at their tips. It 
is permissible to use other spacers within the limits given in Table 1, if neces
sary, to meet calibration requirements or contact opening requirements given 
~ Paragraph VIl-G. Contacts should close with a spacer O. 002 inch thinner 
than the adjustment spacer. 

F. Polar Normal (Lower) Contact Springs 

Adjust the normal polar contacts in the same manner as the reverse polar 
contacts, except using the spacer at the rear polar stop pin. 

G. Contact Openings Required. 

Contact Minimum 
Opening 

Neutral Back 0.020" 

Neutral Front 0.050" 

Polar Normal 0.020" 
(lower) 

Polar Normal 0. 050'~ 

Polar Reverse 0.020" 
(upper) 

Polar Reverse 0.050" 

H. Hold-Down Spring 

Under Condition 

Front contacts just touch 

Back contacts fully compressed 

Upper contacts just touch 

Polar armature against rear stop 

Lower contacts just touch 

Polar armature against front stop 

Adjust the hold-down spring pressure, by means of the adjusting screw, 
until the proper neutral armat~e calibration is obtained. A check should then 
be made, with the relay deenergized, that the neutral front contact opening is 
at least the value specified in Paragraph VII-G. 

I. Neutral Armature Back-Stop 

Adjust the neutral armature back-stop to just clear the neutral armature 
in the deenergized position. Check that, with the neutral armature held against 
the back-stop, a clearance exists between it and the bracket on the polar ar
mature when it is in either the normal or the reverse position. If no clear
ance exists, the back-stop should be raised to hold the neutral armature closer 
to the pole pieces even if it rests on the back-stop. 

VIII. CALIBRATION 

General: After all of the foregoing adjustments have been made, calibrate 
the relays to meet the requirements outlined in the following paragraphs and 
Tables 2 and 3. 

:. 
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First energize at the "charge" value and pole change the relay several 
times, allowing the current to build up to the full value in each direction. For 
a relay with a center tapped coil, negative battery should be applied to the 
center tap on the coil (lower right hand terminal "C" on the mounting base) 
and positive battery should be applied to one of the coil terminals. 

A. Check Polarity 

Apply the positive test lead to the lower coil terminal (marked "+" or 
"+N") at the rear of the mounting base and the negative test lead to the upper 
coil terminal when marked"-" or to the lower right-hand terminal when marked 
"C". The normal (lower) polar contacts should close. 

B. Neutral Armature Drop-Away 

Energize at the ''charge" value and with normal polarity; decrease the cur
rent gradually until the neutral armature drops and opens all of the front con
tacts. Tables 2 and 3 give the minimum values. 

C. Neutral Armature Pick-Up 
" 
Immediately aft~r the drop-away test, reduce the current to zero, open the 

circuit for one second, apply energy again at the same polarity and gradually 
increase until the neutral armature picks up. Tables 2 and 3 give the maximum 
and minimum values. 

D. Neutral Armature Normal Working 

This is the energization at which the neutral armature goes to its stop pin 
after pick-up. Tables 2 and 3 give the maximum values. 

E. Reverse Polar Pick-Up and Working 

After the previous test (D) increase energizatio~ to the charge value, re
duce to zero, open the circuit for one second, reverse the polarity, and grad
ually increase the energization until the polar armature reverses. It should 
travel from stop pin to stop pin without pause. Tables 2 and 3 give the maxi
mum values. It is recommended that, when the relay is shopped, the polar 
pick-up values be held to a maximum of 75% of the table values. 

F. Neutral Armature Reverse Pick-Up 

Immediately after the previous test (E), continue to increase the energiza
tion gradually until the neutral armature picks up. Tables 2 and 3 give the 
maximum values. 

G. Neutral Armature Reverse Working 

This is the energization at which the neutral armature goes to its stop pin 
after reverse pick-up. Tables 2 and 3 give the maximum values. 

H. Repeat tests B, C, · D, E, F, and G with current of opposite polarity, 
checking also that the polar pick-up values in each direction differ from each 
other by no more than 20%. 

IX. PERMANENT MAGNET HOLD-DOWN TORQUE 

Energize the relay at the neutral armature reverse working value shown 
in table. Open the circuit and, by means of gram gage, apply a force on the end 
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of the polar contact operating arm shaft until the armature leaves its last en
ergized position. The force required should be at least 60 grams. Check should 
be made for both normal and reverse energization of the relay. (See Fig. 7. ) 

X. SERVICE TESTS 

It is recommended that relays in service be readjusted when one or more 
of the following conditions occur, using as reference the calibration values for 
new relays given in Tables 2 and 3: 

1. Nel,ltral armature drop-away value of a ~ relay falls below 85% of 
the new relay value. 

2. Neutral armature drop-away value of a~ relay falls below 67% of the 
new relay value. 

3. Neutral armature pick-up value increases to more than 110% of the new 
relay value. 

4. Polar armature pick-up value increases to more than 80% of the actual 
neutral armature pick-up value of the individual relay as tested. 

5. Polar armature pick-up values in each direction differ from each other 
by more than 30%. 

6. Polar armature does not reverse properly from stop pin position to 
stop pin position. 

7. Polar armature does not stay against stop pin in last energized position. 

XI. CONTACT RESISTANCE 

Material Contacts How to Measure Ohms 

Silver to silver Neutral Armature against 0.09 
impregnated carbon front stop pin 

Silver to silver Neutral Armature deener- 0.18 
impregnated carbon back gized 

Silver to silver Neutral Armature deener- 0.03 
back gized 

Silver to silver Polar Armature against 0.09 
impregnated carbon stop pin 

XII. ASSEMBLY OF RELAY COVER 

There are three types of covers which have been used on plug-in 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 fj.ts into the corresponding groove in the relay base. The gasket need 
not be cemented to the base. 

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. 
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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 are assembled in the cover holes against the 
magnet support casting and projecting outside of the cover. Resilient washers 
are applied on top of the glass around the bushings so that they extend 1/32 
inch to 3/64 inch beyond the bushings. 

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 Fig. 4. This 
method is also recommended for earlier relays when overhauling. Material 
needed to apply this later cover fastening to a single relay is covered by or
dering reference S. B. M. 244315. 

C. On present relays with the two-piece cover or the one-piece plastic cov
er, the cover is compressed against rubber bushings as shown in Fig. 5. (The 
jam nut is between the casting and the rubber bushings.) This method cannot 
be used on earlier relays per previous Item B. 

FIGURE 4 FIGURE 5 

Assemble covers per Figs. 4 and 5 as follows: 

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

2. Place relay cover "D" and cover gasket in position but do not assemble 
compression bushings "B". 

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

4. Remove relay cover, hold limiting studs fixed in their adjusted posi
tion, and jam the lock nuts "E" tightly to hold the limiting studs securely in 
place. B~nd 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 the relay. 
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6. Apply relay cover, handle "G", plate "W" and screws "H". Alter
nately tighten screws; compressing bushing "B" until handle is clamped se
curely against the top of the limiting studs. 

7. Apply lead seal "1" in the normal manner. 

:xm. 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 rack mounting base. ·· 

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

3. The index code for each mounting base is marked on the upper half of 
the base. 

4. Relays and mounting bases manufactured previous to August 1, 1945 
do not have the index code marked. 

5. It is important that when relays equipped with indexing are repaired 
the index pins and holes are located as on the original relays to correspond 
with the mounting bases. 

6. General information concerning the indexing of plug-in relays is given 
in Service Specification 4525. If the indexing reference for a specific relay is 
not marked on the name plate or mounting base it can be determined from Fig. 1 
in Service Specification 4525. If a relay is being converted to another piece 
number and the new indexing reference is not known, the information will be 
supplied on request. 

7. The index letters refer to specific locations for pins and for mating 
holes to match. In the typical examples shown in Fig. 6, the pins are shown 

"•" and holes "0". ? ~ '! J '}- __. 5' 'J 5 
MOUNTING BASE 
(FRONT VIEW) 
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Adjustment 
No. 

1. 
2. 
3. 
4. 

5. 
6. 
7. 
8. 

9. 

10. 

11. 
12. 

TABLE 1 

ADJUSTMENT VALUES FOR PNP-54 AND PNP-54A RELAYS 

PNP-54 PNP-54A 
Item Adjustment Adjustment Remarks 

Neutral armature air gap O. 013" Min. O. 013" Min. Per Sec.I-after painting 
Polar armature air gap 0. 016" Min. 0. 016" Min. Per Sec. I-after painting 
Front permanent magnet air gap 0.020" 0.048" Per Sec. n 
Rear permanent magnet air gap - 0.015" 0.045" Per Sec. II 

Modify to give proper force: 
A. With core assembled 375 grams 225 grams Force measured on end of op-
B. With core not assembled 350 grams 200 grams erating arm shaft Per Sec. II 

Final permanent magnet gap check 0. 008" Min. O. 033" Min. Per Sec. n 
Neutral heel contact springs 0.078" 0. 078" Stop Pin spacer. Per Sec. VII 
Polar heel contact springs 0.090" 0.145" Stop Pin spacer. Per Sec. VII 
Neutral front contact springs -

Nominal adjustment 0.055" 0.055" Stop Pin spacers 
Permissible variation 0.040"-0.060" 0.040"-0.060" per Sec. VII 

Neutral back contact springs -
Nominal adjustment 0.120'' 0.120" Stop Pin spacers 
Permissible variation 0.115"-0.135" o. 115"-0. 135" per Sec. VII 

Polar rev. & nor. contact springs -
Spring stops (when used) --- Just touch Per Sec. VII 
Nominal adjustment 0.065" 0.075" Stop Pin spacers 
Permissible variation 0.055"-0.080" 0.065"-0.090" per Sec. vn 

Neutral armature hold-down spring To obtain proper calibration Per Sec. VII 
Neutral armature back stop To just clear neutral armature Per Sec. VII 
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Relay 
Resis. 
Ohms 

4 
150 
240 
400 
550 
800 

1300 
2000 

TABLE 2 

CALIBRATION VALUES roR PNP-54 AND PNP-54A RELAYS EQUIPPED 
WITH 4F-4B L. V. NEUTRAL CONTACTS AND 4N-4R POLAR CONTACTS 

Max. Rev. 
Min.Neut. Min.Neut. Max. Neut.Arm. Polar P. U. 

Charge Arm. Drop-Away Arm. Pick-Up P. U. &Nor. Work. ., & Working 
Amps. Volts Amps. Volts Amps. Volts Amps. Volts ·Amps. Volts 

0.861 3.44 0.060 0.24 0.189 0.76 0.212 0.848 0.131 0.524 
0.150 22.4 0.0104 1. 56 0.0327 4.9 0.0367 5.5 0.0227 3.4 
0.118 28.3 0.0082 1. 97 0.0258 6.19 0.0290 6.95 0.0179 4.29. 
0.092 36.7 0.0064 2.56 0.0201 8.04 0.0226 9.02 0.0139 5.57 
0.081 44.3 0.0056 3.08 0.0176 9.7 0.0198 10.9 0.0122 6.73 
0.068 54.3 0.0047 3.78 0.0149 11. 9 0.0167 13.35 0.0103 8.24 
0.053 68.4 0.0037 4. 76 o. 0116 15.0 0.0129 16.8 0.0080 10.4 
0.044 88.9 0.0031 6.19 0.0098 19.5 0.0109 21. 8 0.0067 13. 5. 

TABLE 3 

Max. Neut.Arm. 
Rev. P. U. & 

Rev. Working 
Amps. Volts 

0.216 0.864 
0.0374 5.6 
0.0295 7. 07 
0.0230 9.18 
0.0202 11.1 
o. 0170 13.6 
0.0132 17.1 
0. 0111 ·22.2 

CALIBRATION VALUES FOR PNP-54 AND PNP-54A RELAYS WITH CENTER TAPPED COIL 
AND EQUIPPED WITH 4F-2B L. V. NEUTRAL CONTACTS AND 4N-4R POLAR CONTACTS 

Max. Rev. Max. Neut.Arm. 
Relay Min.Neut. Min.Neut. Max. Neut. Arm. Polar P. U. Rev. P. U. & 
Resis. Charge Arm. Drop-Away Arm. Pick-UP P. t,. &Nor. Work. & Working Rev. Workirur 
Ohms Amps. Volts Amps. Volts Amps. Volts Amps. Volts Amps. Volts Amps. Volts 

250-250 0.180 45.0 0.0125 3.12 0.0392 9.8 0.0444 11.1 0.0272 6.8 0.0452 11.3 
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