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~FETY StMMARY 

Safety precautions must be observed when performing certian tests. The 
following warnings appear in the tests in this manual, an:! are repeated nere for 
emphasis. 

I WARNING' 

Voltages and current dangerous to life are present. Use 
ooe ham to make connections (page 4-14, 4-16, 4-34) • 

v 
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1 .1 INTRODOCTION 

SECTION I 
GENERAL INFORMATION 

UNION SWITCH & SIGNAL m 

This service manual provides field maintenance data for various plug-in vital 
relays manufactured by the Union Switch & Signal Division of American Standard 
Inc. The purpose of this manual is to provide the relay maintainer with the 
data necessary to perform the maintenance action required during performance of 
scheduled field maintenance. 

Scheduled maintenance covers periodic inspections am tests which must be 
performed to assure continued proper on-line operatioo. Relays not meeting the 
minimum perfonnance starxlards covered in this manual must be replaced. It must 
be emphasized here that corrective maintenance of vital relays at the field 
level is limited to only the replacement of a faulty or suspect relay. Relays 
removed fran service as the result of a corrective maintenance actioo must be 
shOpped for further testing and repair. 

1.2 GENERAL DESCRIPTION 

The relays covered in this service manual are de arx:t ac plug-in units arxi span 
the following general types: 

a. Neutral e. Code transmitter 

b. Biased f. Code following 

c. Magnetic stick 9· Time element 

d. Flasher h. AC vane 

The specific relay types described in this manual are identified in Table 1-1. 
Typical vital relays are shOwn in Figure 1-1. These relays are plugged into 
ioounting bases that are installed in equipment racks arxl wayside cases. Wiring 
connections are made directly to removable terminals located at the rear of the 
mounting bases • 

6179, p. 1-1 
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I 

TYPE 

PN-1508 

PN-159B 
PN-150N 
PN-150P 
PP-151 

PN-150BL 
PN-150BE 
PN-150BM 

PN-150HD 

PN-250BE 

PN-2588 
PF-256 

PC-250TR 

PC-57 
PC-2508 

PC-250P 

PP-640 
PN-150SO 
PN-150BSR 

PN-150BH 
PN-15080 

6179, p. 1-2 

Table 1-1. Vital Plug-In Relays 

DESCRIPTION 

Biased 

Biased, car-carried 
Neutral 
Power transfer 
Magnetic stick 

Biased, light-out 
Biased, high efficiency 
Biased, magnetic blowout, 

heavy-duty 

Biased, heavy-duty 

Biased, high efficiency 

Biased, slow pickup 
Flasher 

Code transmitter 

Code transmitter 
Code following, biased 

Code following 

Code following 
Switch Overload 
Biased, slow dropaway 

Biased, high dropaway 
Biased, three-position 

US&S PART NO. 

N322500-701 (400 ohm) 
N322500-702 (800 ohm) 
N322500-703 (1300 ohm) 
N322500-704 (100 ohm) 
N322500-705 (240 ohm) 
N322500-801 (400 ohm) 
N322500-802 (800 ohm) 
N322500-807 (1300 ohm) 
N322500-809 (400 ohm) 
N322500-812 (400/400 ohm) 
N436788 (400/400 ohm) 
N322502-701 (240 ohm) 
N322508-703 (400 ohm) 
N322516-701 (240 ohm) 
N322507-703 (25 ohm) 
N438007-802 (400 ohm) 
N322510-901 (0.18 ohm) 
N322513-001 (60 ohm) 
N322517-001 (240 ohm) 
N322524-001 (240 ohm) 
N322525-001 (240 ohm) 
N322505-702 (800 ohm) 
N322505-803 (1300 ohm) 
N322550-703 (55 ohm) 
N322550-707 (2000 ohm) 
N322551-703 (2000 ohm) 
N322561-002 (87.5/87.5 ohm) 
N322561-801 (87.5/87.S ohm) 
N322561-001 (87.5/87.5 ohm) 
N322561-802 (87.5/87.5 ohm) 
N322556-002 (75 code, 60 ohm) 
N322556-003 (120 code, 40 ohm) 
N322556-001 (180 code, 60 ohm) 
N322556-818 (75 code, 90 ohm) 
N232133-001 (240 code, 125 ohm) 
N322559-004 (135 ohm) 
N322559-802 (360 ohm) 
N322559-014 (20/20 ohm) 
N322559-018 (20/20 ohm) 
N322559-012 (180/180 ohm) 
N322559-013 (180/180 ohm) 
N287457-001 (16V) 
N322512-001 (0.039 ohm) 
N322503-701 (100 ohm) 
N322503-702 (250 ohm) 
N322503-802 (250 ohm) 
N322503-804 (250 ohm) 
N322511-006 (400 ohm) 
N322504-702 (100 ohm) 
N322504-703 (800 ohm) 
N322504-803 (800 ohm) 
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UNION SWITCH & SIGNAL m 
Table 1-1. Vital Plug-In Relays (Cont'd.) 

TYPE DESCRIPTION US&S PART NO. 

PN-152SO switch overload N322522-802 
PN-250B Biased N322554-702 (1000 ohm) 

N322554-802 (1000 ohm) 
PN-259BSR Biased, slow dropaway N322552-702 (225 ohm) 
PT-55 Time element N265422 (lOV, 1.0-11 Min.) 

N232138 (12V, 0.5-6 Min.) 
N233133-001 (16V, 2.5-25 sec.) 
N279987-001 (16V, 10-120 Sec.) 

PV-250 AC vane N322555-805 ( 115V, 60 Hz) 
N342555-803 (115V, 60 Hz) 
N322555-801 (115V, 50/60 Hz) 
N342555-914 (115V, 60/100 Hz) 

PN-150BTR N322501-701 (1 ohm) 
N322501-702 (4 ohm) 
N322501-705 (13 ohm) 

PT-150 N322518-003 (10-40 Sec.) 
N322518-005 (5-12 Sec.) 

PN-150T N322523-302 (3-30 sec.) 
N322523-305 (0.5 - 5 Min.) 
N322523-307 ( 1-10 Min.) 

PN-259SRA N322562-001 (225 ohm) 

A typical plug-in relay is shown in Figure 1-2. All plug-in relays have the 
following features: 

a. All current carrying parts are insulated to withstand a 3000-volt 
ground test. 

b. Operating temperature range is -40°F to +185°F. 

c. Moving parts are protected by a sturdy, transparent, dust and moisture 
resistant cover. 

a. Relay pulls out or plugs in horizontally. 

e. Relay locks securely in plug-in position. 

f. Plug connections are protected from dust, moisture, and mechanical 
damage. 

Relays are factory equipped with indexing pins to prevent insertion of an 
incorrect relay into a mounting base. Each relay is accompanied by an indexing 
plate, which is applied to the mounting base at the time of initial 
installation. A typical plug-in relay with indexing pins and base with 
corresponding indexing plate is shown in Figure 1-3. 

6179, p. 1-3 
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PN-150 STYLE 

PN-250 STYLE 

Figure 1-1. Typical US&S PN-150/PN-250 Style Vital Plug-In Relays 

6179, p. 1-4 
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COIL 

~~---- LATCH 
RELEASE 

CONT ACT ---
BLOCK 

COVER 

Figure 1-2. Typical Plug-In Relay 

1.3 TYPICAL RELAY DESCRIPTION 

1.3.l Coils 

Coils are encapsulated for protection against mechanical injury am the entrance 
of moisture • 

l.3.2 Magnetic Circuit 

Magnetic circuits are constructed of ncn-aging material. The magnetic air gap 
is not disturbed when the coil is removed or contact springs adjusted. Relays 
with an adjustable magnetic shunt are factory adjusted for the degree of 
magnetic hold-down force without changing the contact adjustment. 

6179. o. 1-5 
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Figl.l[e 1-3. Typical Plug-In Relay an::l Mounting Base 

l.3.3 Contacts 

Contact fingers am springs are simply constructed and heat treated to assure 
uniformity of material and contact stability. The heavy contact fingers extend. 
·through the base to serve as plug connectors. Heel contacts are actuated by 
operating arms pivoted to the armature. Contact surfaces have sufficient wiping 
action to be self-cleaning. 

6179, p. 1-6 



UNION SWITCH & SIGNAL m 
The contact materials and capacities are as follows: 

a. standard - fine silver heel contact with silver-impregnated carbon 
front contact and fine silver back contact. These contacts have a 
capacity of 4 amperes at 30 Vdc or 175 Vac. 

b. s.r.c. - fine silver heel contact with silver-impregnated carbon front 
and back contacts. These contacts have a capacity of 4 amperes at 30 
Vdc or 175 vac. 

c. Heavy duty - fine silver heel contact with silver-impregnated carbon 
front and fine silver back contact. These contacts have a capacity of 
15 amperes at 30 Vdc or 175 Vac. 

1. 3 .4 Cover 

~ A cover of transparent molded material houses the relay contacts and armature 
structure. The cover is sealed to its frame by pressure against a gasket 
providing a tight dust-proof moisture-protected assembly. 

1.3.5 Front Testing Facility 

This testing facility is in series with the coil control circuit to permit 
deenergization of the relay while in service without disturbing the relay or 
wiring. 

1.3.6 Latch 

A spring operated latch holds the relay to the mounting base. It is released by 
pressing an arm on front of the relay. 

1.3.7 Care in Handling 

c~rtain relays, namely PC-250TR code transmitter types and PT-55 time element 
types require special handling for shipping, transporting, or when being placed 
into service for the first time from the spares inventory. 

To ensure that no damage due to handling occurs to these relay types, the 
following conditions must be strictly adhered to. 

1.3.7.1 PC-250TR Code Transmitter Relays 

It is very important that these transmitters be handled carefully in order that 
no undue stresses be applied to the contact bar hinge structure, which might 
throw the contacts out of adjustment or impair the life of the hinge spring. 

A shipping screw, which firmly holds the armature, is applied to the transmitter 
when it leaves the factory. The screw should be removed when the transmitter is 
placed in service and retained for subsequent use in case it later becomes 
necessary to transport the transmitter from place to place. 

6179, p. 1-7 
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l.3.7.2 PT-55 Time Element Relays 

l·'or any shipping or lransporling, il is recommended lhal the gear train be 
locked by moving the gear train adjustment lo the limit of travel beyond the 
z~ro mark. This will prevent movement of the gear train, during handling, by 
blocking it between the upper and lower stops. 

I 
RP.lays manufactured after 12/84 are locked with a shipping screw installed 
through the cover and into a hole in the timing segment. A screw is provided in 
lhe handle to be used to plug the hole in the cover when the shipping screw is 
removed prior to placing the relay in operation. 

6179, p. 1-8 
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SEClION II 
OPERATIOO 

(Not Applicable) 

UNION SWITCH Ii SIGNAL m 
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3 .1 GElERAL 

SECrION III 
FWCTIONAL l:ESCRIPTION 

UNION SWITCH a SIGNAL m 

This section presents the functional description of various relays on two 
levels: the general operation of de neutral relays, de biased relays, and ac 
vane relays is presented first, followed by brief descriptiQns ard, where 
necessary, applications of specific relays which exemplify the general types. 

3. 2 1£ NE Ul'RAL RELAW 

Neutral relays operate regardless of the direction of oo electric current 
through their coils. The schematic symbol for a neutral relay is: 

OR n 

Figure 3-1 illustrates the structure of a typical neutral relay. When an 
electric current is passed through the coil, magnetic lines of force are built 
up in the coil. These lines of force are collected by the iron or steel core 
ard pole pieces of the relay and cause a magnetic attraction between the lower 
portion of the pole pieces and the armature. The hinged armature pivots upward 
toward the pole piece to complete the magnetic circuit. The armature is 
equipped with brcnze stop pins which will not magnetize. The pins create an air 
gap between the armature ard pole pieces to emure a positive dropaway of the 
armature when energy is removed from the coil. Typically, the armature is 
mechanically coupled to the oontact driver. A metallic contact or heel is 
secured to a contact driver (but thoroughly insulated from it) that opens or 
closes electrical circuits, depeming on whether the relay is energized or 
deenergized. 

When the heel oontact makes oontact with the front contact, the relay is 
picked-up or energized; when the heel makes contact with the back contact, the 
relay is dropped away or deenergized. Contacts are made of silver, 
silver-impregnated carb<n, or similar canpositicn, depending on the type of 
relay ard service requirement of the relay. 

6179, p. 3-1 
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Neutral vital relays are provided with an armature hold-down arrangement, which 
prevents movement of the armature during the period when the relay is 
deenergized. The hOld-down arrangement is a magnetically-operated latch that 
must pick up and clear a locking surface before the main armature starts to pick 
up. 

FiglEe 3-2 shows the general arrangement of the latch mechanism as well as the 
latch configuration when the relay is deenergized. During this period, the 
latch is in its lowered or dropped position. Inadvertent motion of the main 
armature is limited to the point where the armature latch engages the locking 
surface, thereby preventing further: motion of the main armature, which would 
cause unwanted closure of the front and heel contacts of the relay. 

As power: is applied to the relay, the lat~h is designed am adjusted to pick up 
first, and then not interfere with the operation of the main armature. Thus, 
the latch pivots counterclockwise am upward, and clears the locking surface 
just before the main armature begins to move upward toward the pole piece. Note 
that the latch is held against the latch stop during the time the relay is 
energized. 

When power is removed from the relay, the main armature starts to drop first as 
the current falls. The latch begins to drop at a lower: current level, thus 
allowing the latch to clear the locking surface as the main armature returns to 
the full dropaway positim. 

3.3 IC BIASED RELA~ 

A oiased relay is primarily a neutral relay equipped with a permanent magnet 
(instead of and in the place of an armature latch) and arranged so that the 
relay armature will pick up only if de cur rent is flowing through the coil in a 
predetermined directim. 

The AAR defines a biased relay as: "A relay that will operate to its energized 
position by current of one polarity only, and will return to its deenergized 
position when current is removed". The schematic symbols for biased relays are: 

--- --a OR r~-!•r OR 
+A I ---- 1-A 

SINGLE COIL 

r--------, • "T" IS A FRONT TESTING CONTACT 

I • T+• I WHICH IS INTERNALLY WIRED IN 
SERIESWITH +A. 

I I 

§ 
I I 
L _J 

---.. fil OR 
+B B-

OR __..,. 
A 

DOUBLE COIL 

6179, p. 3-2 
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CORE 

PIVOT POINT COIL 
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FRONT CONT ACT 
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INSULATED 
CONTACT 
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Figure 3-1. Simplified Neutral Relay Arrangement 
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Figure 3-2. Armature Latch Arrangement 
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With polad ty of the permanent magnet as shown in Figure 3-3, and no cur rent 
flowing through the coil, the armature is held in the deenergized or dropped 
position by the magnetic flux passing through the armature, permanent magnet, 
pole pieces, and core. High reluctance (magnetic resistance) of the air gap 
prevents magnetic flux from flowing between the armature am the right-ham pole 
piece extensicn. 

I 

+ 
I 
I 
I 
I 
"----, 

HINGE 
BLOCK 

COIL 

HINGE SPRING 

;-
ARMATURE 

STOP 
PIN 

POLE PIECE 
EXTENSION 

CORE 

POLE PIECE 

.... __ PERMANENT 
MAGNET 

CONTACT DRIVER 

Figur:e 3-3. Biased Relay, No Voltage Applied 

Assume that current is applied to the coil circuit, and current flow through the 
coil is in the direction in which its magnetism opposes the magnetism of the 
permanent magnet (shOwn in Figure 3-4). This conditicn is canparable to a nigh 
reluctance in the path of the permanent magnet flux. The resulting magnetic 
flux path is through the core, pole pieces, pole piece extenticn, and the 
armature. During this state, the relay will be energized with the armature in 
tne energized or picked positicn. 

The armature will remain up as lmg as the coil is energized. When the circuit 
is opened, the magnetic force opposing the permanent magnet is destroyed. Once 
rore, the flux of the permanent magnet resumes the low reluctance path through 
the pole piece and armature. Since there is no force to hold the armature up, 
it drops away from the pole pieces. 

Assume voltage of the opposite (reverse) polarity is applied to the coils 
(Figure 3-5). This creates a magnetic force, which aids the magnetic force of 
the permanent magnet, am the flux remains through the permarent magnet, 
armature, and pole pieces. Thus, the armature can not be picked up with voltage 
of the oppo~ite polarity. 
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Figl.l':e 3-4. Biased Relay, Voltage of Nomal Polarity Applied 

MAGNETIC 
FLUX ~~~~~~~~~-;-~ 

(COMBINATION OF BOTH 
COIL AND PERMANENT 
MAGNET FLUXES) 

Figure 3-5. Biased Relay, Voltage of Reverse Polarity Applied 

Certain biased relays are intemed for car-carried applications. 'l'hese 
car-carried type relays are functionally similar to the biased relays described 
under this paragrapi with the exception of the way the armature is config...:ed. 
In the car-carried biased relay, the armature is center pivoted and uses 
.oold-down springs am a modified pole piece structure. 
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3. 4 AC VANE RELA'XS 

AC vane relays are made princip:llly for ac track circuit ard ac ground detector 
circuit applications. They are basically canprised of an aluminum alloy vane 
ard two field coil elements. These field coils are generally referred to as the 
local and control elements. The control element is usually referred to as tne 
track element in ac vane relays used for track circuit applications. 

The schematic symbol for the ac vane relay is: 

A vane of aluminum alloy is secured to a horizontal shaft, which accurately 
positions the vane in the air gap between the t~ magnetic-field structures with 
ample ~rking clearance. Operating arms of insulated material transmit the 
movement of the vane snaft to the contacts. These contacts are similar to the 
ones used in de relays. The vane ard magnetic structures are compact, yet are 
designed for correct distribution of mass and magnetic flux. 

Motion extremes of the vane are restricted by upper ard lower rollers. The 
actual position of these rollers is a function of the position of the vane. In 
most track circuit applications the circuit sensitivity is related to roller 
positicn (further details are explained in the performance testing of the ac 
vane relay). 

Figure 3-6 illustrates the theory of operation of ac vane relays. A circular 
aluminum disc with a shaft through the center is supported so that it is free to 
rotate. If a permanent magnet is rotated about the disc shaft in such a way 
that the magnetic lines of force cut through and across, the disc will start to 
rotate in the same direction as the permanent magnet ard at a slightly slower 
speed. 

Figure 3-7 is an enlarged view of a section of the disc snowing what takes 
place. When the permanent magnet is rotated, the magnetic lines of force cut 
the disc and produce a voltage between two points on the disc. A current, 
commooly known as an eddy current, flows between these points and back to its 
origin by the shortest path. These eddy currents produce small magnetic forces, 
wnich, on reacting with the magnetic force of the permanent magnet, produce 
rotation. 

In the vane relay, two electro-magnetic structures are used, one on either side 
of the vane. The electro-magnets are constantly energized while the relay is 
picked up, but the magnetism produced by one of the electro-magnets lags in time 
with respect to tne other. The reactioo on the vane of the t~ independent 
magnetisms, which are out of step, produces rotation the same as that produced 
by the moving permanent magnet illustrated in Figure 3-7. 
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3. 5 PCMER TRANSFER AND LIQiT-OUT RELA'!S 

Power transfer and light-out relays are similar in structure to the biased 
relay. The power transfer ard light-out relays are de relays with a built-in 
rectifier assembly that enables operation from an ac source. The schematic 
symbols for the powe_r transfer ard light-out relays are: ____ _ 

r--------, 
I I 
• en I 
I eT2 I 
I I 
I eR+ R-e I 
I I 

r--------, 
I • AC+ AC-· I 
I I __ 1..._ ... C+ 

I 
C- --~i---. 

I e e I 
I +A I IA- I L--1-1 --~ I +A -A I L __ ..,..__.._..._...-__ .J 

POWER TRANSFER LIGHT-OUT 

Power transfer type relays are provided with heavy-duty contacts and are used to 
s,1itch egµipment over to stardby power during the abseooe of ac power. The 
light-out relays .are connected in ac lamp circuits to detect lamp operati<n. 
Polarity of the rectifier, with respect to the relay coil, must be correct for 
the relay to operate when ac energy is applied. As shown in Figure 3-8, energy 
is applied to the relay coil during the positive excursions of the ac power 
source. If the coil polarity is not as indicated in Figure 3-8, the relay will 
not e Mrgi ze since it is basically a de oiased type relay. 

+ 

AC~ 
SOURCE~ RECTIFIER 

Figure 3-8. AC Operated Relay Coil 

3.6 MAGNETIC STICK RELAY 

RELAY 
COIL 

e 

The magnetic stick relay is similar in construction ard operation to the biased 
relay, except that the armature is pivoted at its center and uses two permanent 
magnets, one mounted on each em of the armature. The schematic symbol for a 
magnetic stick relay is: 
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The design is such that the armature remains in the last operated position with 
full contact pressure after energy is removed from the relay coil. The relay 
moves to the alternate position when de voltage of opposite polarity is applied. 

With polarity of the permanent magnets as shown in Figure 3-9, and current 
flowing in the coil as indicated, the armature rotates counterclockwise, pulling 
up the contact driver, which, in turn, closes the relay heel and normal contacts. 

When the polarity of the voltage across the coil is reversed, the resultant 
magnetic flux, as shown in Figure 3-10, forces the armature to rotate clockwise, 
pushing down the contact driver, which, in turn, opens the normal contact an:l 
closes the reverse and heel contacts. 

3. 7 BIASED HIGI-EFFICIENCY RELAY 

.... Biased high-efficiency relays are similar in construction to the stan:lard de 
biased relay, except that the high-efficiency relay is designed to respond to 
lower applied current. The symbol for biased high-efficiency relays is 
identical to that of the standard biased relay of paragraph 3.3. 

N NORMAL CONTACT 
CONT ACT DRIVER 

H 

R 

REVERSE CONT ACT 

Fig...:e 3-9. Magnetic Stick Relay, Voltage of Nounal Polarity Applied 
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I 
I 

' I 
I 
I 
I 
\..._ --""\ 

CENTER 
PIVOT 

ARMATURE 
\ 

CONTACT DRIVER--~ 

I 
I 
I 

+ 

N 

FigtXe 3-10. Magnetic Stick Relay, Voltage of Reverse Polarity Applied 

3. 8 MAGNETIC HEAVY-OOTY AND HEAVY-DUTY CON:rACT RELAYS 

3.8.1 Magnetic Heavy-Duty Ccntact Relay 

The biasErl, magnetic, heavy-duty contact relay is similar in structure and 
operation to the a: oiased relay with the exception of having magnetic blowout 
heavy-duty contacts. Small permanent magnets are affixed to the contact springs 
behind aoo close to the heavy-duty contact tips. The purpose aoo effect of 
these magnets is to disperse or blow out an electric arc before it has a chance 
to grow aoo subseg.iently burn aoo otherwise danage the oontacts. The coil 
symbol for the biased, magnetic heavy-duty relay is similar to that of the 
staooard biased relay described in paragraph 3.3. The schematic symbol for the 
magnet blowout heavy-duty contact is: 

·-·-l OR • • 

This type relay is used in conjunction with other relays to control electric 
switch machines. 
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3. 8. 2 Heavy-Duty Ccntact Relay 

The biased heavy-duty oontact relay is similar in structure am operation to the 
de biased relay with the exception of having heavy-duty contacts which can carry 
loads up to 15 amperes (starv:lard oontacts are designed to carry loads up to 4 
amperes). The symbol for the heavy duty type contacts is: 

CJ 
J, OR CJ ,, • 

3. 9 SLOW PICKUP AND SLOW DBOPAWAY BELAYS 

The slow pickup am slow dropaway relays are de biased relays having special 
timing characteristics. Slow pickup arv:l slow dropaway refer to the relative 
timing of relay action. The desired pickup am dropaway timing characteristics 
are achieved through the use of magnetic shunts. The schematic symbols for 
these relays are: 

SLOW PICKUP SLOW DROPAWA Y 

OR -
+A r:;JA- +A~· 

Timing characteristics may be changed externally by various combinations of ooil 
connections, and snubbing of coil circuits by various canbinations of 
rectifiers, capacitors, am resistors (Figl.D:e 3-11). 

6179, p. 3-11 



UNION SWITCH & SIGNAL 

+ c >------111----
+A -A 

-B 

A. SERIES COIL CONNECTION WITH SHUNT RECTIFIER 

+ ~-------~---
+A -A 

+B -B 

B. SERIES COIL CONNECTION WITH RESISTOR AND CAPACITOR SNUB 

PICKUP NORMAL, 
DROPAWAY SLOW 

PICKUP NORMAL, 
DROPAWAY SLOWER 
THAN A. ABOVE 

Fi91..1:e 3-11. ~amples of How Relay Timing Characteristics are Modified 
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3 .10 SWITQI OVERLOAD RELA~ 

Switch overload relays are used to provide overload protection for de switch 
machines. The activation time of these type relays is inversely prop:>rtional to 
the magnitude am duration of the overload current. The schematic symbols for 
switch overload relays are: 

r------, r------, 
I I I [ffl] I 
I + I HV+I I 
I 

HV-

I 
0 I I v I I 

I I I I I I 
I DC- s I 

I I 
I Ice+ I ~ I v 

I I I lw I 
2e I L L--=----...J ----

PN-15050 TYPE PN-15250 TYPE 

Typically, the switch overload relay is placed in the switch machine motor 
operating circuit. The relay is constructed with two coils: an operating 
winding am a stick winding. The operating winding is normally wired in series 
with the loa::t (switch machine motor). When current is excessive, the operating 
winding energizes the relay, am the relay is held energized by the stick 
winding, causing the deenergization of another relay or relays that directly 
cx:>ntrol the motor circuit. 

The timing (activation time), hence the sensitivity of the overload relay, is 
... determined by a low resistancce element connected across the operating winding. 

The resistance element has a positive temperature coefficient so that a 
substantial increase in current causes a prop:>rtional increase in resistance. 
During noanal current conditions, most of the current passes through the 
resistance element with little or no current flow through the coil. An increase 
over the nounal current level increases the resistance of the element, allowing 
more current to flow through the operating coil. If the overload persists, the 
operating ex>il receives sufficient current to activate the relay armature. 
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3.10.l Typical Circuit Using PN-15060 Relay 

Figure 3-12 is a typical circuit showing the application of the PN-15060 relay. 
During noanal operation, the circuit conditions are as shown in the figure, with 
a normal call on the switch machire. At this time relay conditions are as 
follows: 

a. Relay RWSR deerergized 

b. Relay NWSR energized 

c. Relay LPR .energized 

d. Relay WR energized normal 

e. Relay WRPR erergized 

f. Relay OR deenergized. 

Under these conditions, the switch machine motor circuit is completed externally 
through the normal heavy-duty contacts of relay WR, the O coil of relay OR, and 
the front blowout oontacts of relay WRPR. 

Assume the switch points becane obstructed prior to reaching their full normal 
position. This oondition will be accompanied by an appreciable rise in cur rent 
as the motor begins to stall. The increase in current now causes the coil of 
relay OR to erergize, resulting in the following chain of events: 

a. Relay OR is held energized via the Sor stick portion of the relay. 

b. The stick circuit of relay OR opens the circuit to relays WR am WRPR. 

c. Relay WR remains in the normal positiO'l. 

d. Relay WRPR deerergized and thereby removes drive power to the switch 
machire. 

To restore the circuit to normal conditions, the call to the switch must be 
reversed. This actiai causes the stick circuit of the OR relay to deenergize, 
and initiates the following cycle: 

a. Relay WR energizes to the reverse positiO'l. 

b. Relay WRPR erergizes. 

c. Switch machine motor circuit is completed through the reverse contacts 
of relay WR and the front cootacts of relay WRPR. 

The switch machine now iooves to its full reverse positioo. At this time, the 
switch machine w:>uld be temporarily disabled and the obstruction cleared. 
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Figure 3-12. PN-lSOSOApplicatial. Circuit 
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3.10.2 Typical Circuit Using PN-152SO Relay 

Figure 3-13 is a typical circuit showing the application of the PN-152SO relay. 
During nomal operation, the circuit conditions are as shown in the figure, with 
a normal call oo the switch machine. At this t:ime the relay conditions are as 
follows: 

a. Relay RWZ deerergized 

b. Relay NWZ energized 

c. Relay IS energized 

d. Relay SO (0 and S coils) deener.gized 

e. Relay NW(M) emrgized (note correct polarity of applied voltage) via 
back contacts of stick portion of relay SO 

f. Relay RW(M) deer:ergized (voltage of opposite polarity is applied to 
this relay at this time). 

Under these condi tioos, the switch machine motor circuit is completed externally 
through the back magnetic blowout contacts of relay RW (M) and front magnetic 
blowout contacts of relay NW(M). 

Again, assume the switch points become obstructed prior to reaching their full 
normal positim. This condition will be accanpanied by an appreciable increase 
in current as the motor begins to stall. The increase in current causes the 
coil of relay SO to energize, resulting in the following chain of events: 

a. Relay so is held erergized via the S or stick portion of the relay (the 
stick relay circuit is canpleted initially via the front contacts of 
the o relay, and is then held energized via its own front contact). 

b. Tne stick circuit of relay SO opens the circuit to relays NW(M} and 
RW(M). 

c. Relay NW(M) deerergizes arii thereby removes drive power to the switch 
macnine. 

To restore the circuit to nomal conditions, the call to the switch machine must 
be reversed. This actioo causes the stick circuit of the SO relay to 
deer:ergize, ard initiates the following cycle: 

a. Relay RWZ energizes 

b. Relay NWZ deemrgizes 

c. Relay (RW(M) energizes because voltage of opposite polarity is applied. 

d. Relay NW (M) remains deenergized 

e. Switch machine motor circuit is completed through front contacts of 
relay BRW and back contacts of relay NW (M). 
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The switch machine now ooves to its full reverse position. At this time, the 
switch machine w:>uld be temporarily disabled, and the obstruction cleared. 

3.11 BJASED THREE-PCBrrION RELAY 

The three-p::>sition relay is a a: biased relay structured with two armatures, 
each of which operates a set of three contacts. The schematic symbol for the 
three position relay is: 

OR 

The three-position relay is used to sense that a circuit is: a) deenergized, b) 
erergized with normal p::>larity, or c) energized with reverse polarity. Each 
applied polarity energizes one of the biased armatures that activates three 
contacts. For example, the normal (left-ham) armature operates contacts 1, 4 
and 5, while the reverse (right-ham) armature operates contacts 2, 3 and 6. 
With noonal p::>lari ty of erergization, the normal armature closes its front 
contacts while the reverse armature remains down, keeping its back contacts 
closed. With reverse polarity, the reverse armature actuates while the normal 
armature remains down. While the relay is deenergized, both armatures are down. 

3.12 FLASHER RELAY 

A flasher relay is a neutral type relay str ucturect to periodically energize am 
deenergize itself at a prescribed rate. The schematic symbol for a flasher 
relay is: 

OR 
+A F A-

In a typical flasher relay, the contacts are made to open and close at a rate of 
45 to 65 times a minute, deperrling on the specific relay. 
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3 .13 TIME ELEMENl' RELAY 

A pulse-operated time element relay is used in circuits where accurate timing is 
require:i. The schematic symbol for a time element relay is: 

+C c- c TE 
-C +C 

OR 
+D 0-

D +D 

The type of time element relay described is of simple constructicn. This relay 
o:mtains a clutch magnet, operating magnet with enclosed gear train, a 
calibrated timing gear wheel, and a set of check and timing contacts. 

With steady cc applied to the clutch magnet am coded impulses applied to the 
operating magnet, the gear train is operated to close the time contacts until 
the control contact opers. The operating magnet moves the ratchet wheel ooe 
tooth for every coded pulse. This wheel car ties two contact arms: one, which 
opens the check contact as the wheel begins to rotate, arn the other, which 
closes the timing contact and opens the operating magnet circuit when the 
operating time has elapsed. 

The timing gear wheel remains in the full set time position, with the contact 
timing closed, until the caltrol circuit is deenergized. 

Upon deenergization, the gear train drops am disengages from the timing gear 
wheel, permitting the timing gear wheel to restore to normal, opening the timing 
cnntacts, and closing the check oontacts. 

The check contact is open from the start of rotation of the timing gear wheel 
until its full return to noanal, providing a check that the full time interval 
will be run on the next operatim. 

The timing set.tings are obtained by positioning the movable portion of the 
timing contactor. The circumference of the calibrated timing gear wheel is 
provided with gear teeth which are engaged when the relay is energized. The 
greater the distance the gear has to travel, the greater the length of operating 
time t>efore the timing contact closes. Bence, adjusting the position of the 
movable portion of the timing contact aloog the circumference of the timing gear 
wheel shortens or len;;,thers the distance and oorres!X)ndingly decreases or 
increases the operating time. 
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3.14 CDDE TRANSMITTER RELAY 

Code transmitter relays are used in circuits that require pulsating erergy such 
as time element relay circuits, phase selective track circuits and ground 
detector circuits. The schematic symbol for a code transmitter relay is: 

~-REFE~CODERATE 

~/ OR __ +_..l __ CT _ __.l_-__ 

COde transmitters ate de operated, having contacts open and close at a frequency 
depe rding on the natural period of an oscillating pe rdulum. The pe mulum is 
mounted en a special type of bearing in which frictim is virtually eliminated. 
Low frequency code transmitters (75 code) employ a counterweighted perdulum. 
Higner frequency units ( 120 and 180 codes) do not use pendulum counterweights._ 

During operation, the relay coil is periodically erergized am deerergized by 
the motion of the oscillating pendulum. The coil is erergized for a short 
period when the pe rdulum reaches the furthest point in its travel away from the 
magnet pole pieces. The remainder of the swing cycle continues at the natural 
rate determined by the virtual mass of the perdulum. 

3 .15 CODE FCLLOWING RELAYS 

3.15.l Track aoo Line Circuit Code Following Relays 

Code following relays are designed to respond to each erergy pulse supplied by 
the controlling circuit. The frequency of code pulses usually is transmitted at 
the rate of 75, 120 or 180 code pulses per minute. Code following relays are 
provided in both the biased am magnetic stick configurations. The schematic 
symbols for code following relays are: -- -· ----

+A 

CF +A CF A-

+B 8-
CF 

OR OR _+_e_.... _____ ._e_-

BIASED TYPE MAGNETIC STICK TYPE 

The AAR defines a code following relay as: "A relay that will follow or 
reproduce a code without distortion within practical limits". 

The simplified operational diagrams, Figure 3-14 ard Figure 3-15, illustrate the 
tneory of operation of a biased single-wound coil code following relay. Figure 
3-14 shows the relay in the position assumed when deerergized, am Figure 3-15 
snows it in the energized positim. 

A sem !-circular bar magnet is clamped to the back straps. The armature is 
slightly off-set and spring biased to hold the back contact closed in the 
deerer9ized position as shown in Figure 3-14. 
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FRONT CONTACT D BACK CONT ACT 

ARMATURE 
POLE PIECE 

Figure 3-14. Code Following Relay, Deenergizea Conoition 

FRONT CONTACT c::::JeACKCONTACT 

N 

s 

POLE PIECE ARMATURE 

Figure 3-1~. COde Following Relay, Energized Condition 
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When current of the proper p:>larity flows through the coil, the armature assumes 
an electranagnetic polarity. With like poles repelling and unlike poles 
attracting, the armature pivots to the opp:>site position as shown in Figure 3-15. 

When current ceases to flow in the coils, the spring returns the armature to the 
deerergized position (Figure 3-14) aoo the back contacts are held closed by the 
spring and by magnetic attraction of the permanent magnet. 

Thus, it may be seen that the biased code following relay will close its front 
contacts only when current of the correct polarity is flowing through its 
coils. When the relay is deenergized or when cur rent of wrong polarity flows 
through the coils, the back contacts will be held closed.· 

The magnetic stick code following relay is similar to the biased version except 
tnat the armature is not off-set and spring biased, and in the deenergized 
condition is free to assume the position of the strongest magnetic attraction. 
When an alternating code is applied to the armature, it becanes polarized in 
step with the code ard is repelled arrl attracted by the pole pieces. When the 
code is absent, the armature is held in its last positioo by magnetic attracticn. 

The magnetic stick code following is nomally used in circuits where the code 
source alternates between positive and negative levels at a specific rate. 
Thus, when the code source swings positive, the magnetic stick code following 
relay energizes to close its normal contacts. When the polarity of the code 
source swings negative, the relay closes its reverse cxmtacts (the nomal 
contacts open). When deenergized, the relay will remain in the position 
co rresp:.,nding to the last applied polarity. 

3.15.2 Code Following Relay for Ground Detector Service 

The code following relay designed for ground detector service is ge re rally a 
polar type COC1e following relay which is adjusted so that a very small amount of 
e rergy is required to close the front contact. This relay employs a 
double-lloX:>und coil, consisting of a low-resistance bias winding and a 
high-resistance code winding. A typical schematic symbol for the ground 
detector code follower is: 

BIAS 
WINDING 360 

1500 CODE WINDING 

In actual operation, e rergy in the low-resistance bias winding closes the back 
contact, while coded energy applied to the high-resistance code winding 
overcomes the force of the bias winding. This arrangment causes the armature to 
pick up periodically in response to the applied code. 
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4.1 INTRODUCTION 

SECTION IV 
PREVENTIVE MAINTENANCE 

UNION SWITCH & SIGNAL m 

This section contains information and instructions required to perform the 
preventive maintenance tasks on vital plug-in relays. The scheduled 
maintenance, or preventive maintenance tasks as they are conunonly referred to, 
consist of two types of tasks performed at specific recurring intervals. These 
tasks are: 

a. Performance tests 

b. Routine inspections. 

The preventive maintenance procedures and scheduled performance tests consist of 
instructions for performing visual and functional checks of vital plug-in relays 
at specified schedules or time intervals. 

4.2 PREVENTIVE MAINTENANCE ACTION INDEX 

The preventive maintenance tasks are identified in the preventive maintenance 
action index, Table 4-1. The preventive maintenance tasks are grouped by the 
periodicity at which they are to be performed. Table 4-1 includes columns 
entitled PERF TEST, ROUT INSP, and REFERENCE. Two of the columns represent the 
types of preventive maintenance tasks required to be performed on a periodic 
basis. When a particular task is applicable, an Xis included in the column for 
the equipment item. The two tasks are: 

a. PERF TEST (performance test) - determines the proper functioning of the 
entire subsystem. 

b. ROUT INSP (routine inspection) - a quick check of the general condition 
of the component item, using sight, smell, hearing, and touch. 

The PERIODICITY column contains a symbol representing the interval at which the 
preventive maintenance actions are to be performed. An explanation of the 
symbols is listed below: 

SYMBOL INTERVAL 

A Annually (12 months) 
BA Biannually (24 months) 
QA Quadrennial (48 months) 
SA Sexennial (72 months) 

Relays not passing periodic inspections and tests must be replaced and not 
returned to service until operating characteristics are in accordance w_ith US&S 
specifications. The test equipment recommended to perform the lest described 
herein are identified in Table 4-2. 
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FUNCTIONAL 
PERIOD- CIRCUIT OR 
I CITY 

A 

QA 

SA 
QA 
QA 
QA 

QA 
QA 
QA 

QA 
QA 

QA 
** 

EQUIPMENT 

PT-55 

PN-1508 

PN-1598 
PN-150N 
PN-150P 
PP-151 

PN-150BL 
PN-150BE 
PN-150BM 

PN-15080 
PN-250BE 

PN-2588 
PF256 

Table 4-1. Preventive Maintenance Action Index 

PART NO. 

N232138 
N265422 
N233133-001 
N279987-001 
N322500-701 (400 obm) 
N322500-702 (800 ohm) 
N322500-703 (1300 ohm) 
N322500-704 (100 ohm) 
N322500-705 (240 ohm) 
N322500-801 (400 ohm) 
N322500-802 (800 ohm) 
N322500-807 (1300 ohm) 
N322500-809 (400 ohm) 
N322500-812 (400/400 ohms) 
N436788 (400/400 ohm) 
N322502-701 (240 ohm) 
N322508-703 (400 ohm) 
N322516-701 (240 ohm) 
N322507-703 (25 ohm) 
N438007-802 (400 ohm) 
N322510-901 (0.18 ohm) 
N322513-001 (60 ohm) 
N322517-001 (24 ohm) 
N322524-001 (240 ohm) 
N322525-001 (800 ohm) 
N322505-803 (1300 ohm) 
N322550-703 (55 ohm) 
N~22550-707 (2000 ohm) 
N322551-703 (2000 ohm) 
N322561-001 (87.5/87.5 ohm) 
N322561-002 (87.5/87.5 ohm) 
N322561-801 (87.5/87.5 ohm) 
N322561-802 (87.5/87.5 ohm) 

MAINTENANCE 
ACTION 

PERF ROUT 
TEST INSP 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

REFERENCE* 

Par. 4.4.11 
Par. 4.4.11 
Par. 4.4.11 
Par. 4.4.11 
Par. 4 .4. 2 
Par. 4.4.2 
Par. 4 .4. 2 
Par. 4.4.2 
Par. 4 .4. 2 
Par. 4.4.2 
Par. 4.4.2 
Par. 4.4.2 
Par. 4.4.2 
Par. 4.4.2 
Par. 4.4.2 
Par. 4.4.l 
Par. 4.4.4 
Par. 4.4.3 
Par. 4.4.3 
Par. 4.4.3 
Par. 4.4.5 
Par. 4.4.2 
Par. 4.4.2 
Par. 4.4.2 
Par. 4.4.2 
Par. 4.4.2 
Par. 4.4.2 
Par. 4.4.2 
Par. 4.4.2 
Par. 4.4.6 
Par. 4.4.6 
Par. 4.4.6 
Par. 4.4.6 

*References in this table are to performance tests only. 
Routine inspection is provided in paragraph 4.3 and applies to all relays. 

**PF-256 relays, N322561-001, -801 (48 Flash rate) must have Maintenance 
Action performed after 10 million operations or four years, whichever 
occurs first. 
PF-256 relays, N322561-002, -802 (65 Flash rate) must have Maintenance 
Action performed after 5 million operations or four years, whichever 
occurs first. 
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Table 4-1. Preventive Maintenance Action Index Cont'd. 

MAINTENANCE 
FUNCTIONAL ACTION 

PERIOD- CIRCUIT OR PERF ROUT 
I CITY EQUIPMENT P~T NO. TEST INSP REFERENCE* 

BA PV-250 N322555-805 ( 115V, 60 Hz} x x Par. 4.4.14 
N322555-801 ( 115V, 50/60 Hz) x x Par. 4.4.14 
N342555-803 (115V, 60 Hz) x x Par. 4.4.14 
N342555-914 (115V, 60 Hz) x x Par. 4.4.14 

BA PC-250TR N322556-002 (75 code, 60 ohm) x x Par. 4.4.7 
N322556-003 (120 code, 40 ohm) x x Par. 4.4.7 
N322556-001 (180 code, 60 ohm) x x Par. 4.4.7 
N322556-818 (75 code, 16V) x x Par. 4.4.7 

BA PC-57 N23213J-001 (240 code, 16V) x x Par. 4.4.7 
BA PC-2508 N322559-004 (135 ohm) x x Par. 4.4.8 

N322559-802 (360 ohm) x x Par. 4.4.8 
BA PC-250P N322559-014 (20/20 ohm) x x Par. 4.4.9 

N322559-018 (20/20 ohm) x x Par. 4.4.9 
N322559-012 (180/180 ohm) x x Par. 4.4.9 
N322559-013 (180/180 ohm) x x Par. 4.4.9 

BA PP-64D N287462-003 (16V) x x Par. 4.4.12 
QA PN-15050 N322512-001 (0.039 ohm) x x Par. 4.4.10 
QA PN-150BSR N322503-701 (100 ohm) x x Par. 4.4.2 

N322503-702 (250 ohm) x x Par. 4.4.2 
N322503-802 (250 ohm) x x Par. 4.4.2 
N322503-804 (250 ohm) x x Par. 4.4.2 

QA PN-259BSR N322552-702 x x Par. 4.4.2 
QA PN-150BTR N322501-701 x x Par. 4.4.2 

N322501-702 x x Par. 4.4.2 
N322501-705 x x Par. 4.4.2 

A PT-150 N322518-003 x x Par. 4.4.15 
N322518-005 x x Par. 4.4.15 

A PN-150T N322523-302 x x Par. 4.4.16 
N322523-305 x x Par. 4.4.16 
N322523-307 x x Par. 4.4.16 

QA PN-259SRA N322562-001 x x Par. 4.4.2 
QA PN-150BH N322511-006 (400 ohm) x x Par. 4.4.2 
QA I PN-150BD N322504-702 (100 ohm) x x Par. 4.4.2 

I N322504-703 (800 ohm) x x Par. 4.4.2 
N322504-803 (800 ohm) x x Par. 4.4.2 

QA PN-15250 N322522-802 x x Par. 4.4.13 
QA PN-250B N322554-702 (1000 ohm) x x Par. 4.4.2 

N322554-802 ( 1000 ohm) x x Par. 4.4.2 

*References in this table are to performance tests only. 
Routine inspection is provided in paragraph 4. 3 and applies to all relays. 
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Table 4-2. Rec:ommemed Special Tools ani Test Equipnent 

TOOL/EQUIPMENl' IESCRIPTION 

Power supply (0 - 40 Vdc) 
Power supply (0 - 40 Ver;, 0-25A) 
Digital multimeter 
Test lanp 
Variac 

Transformer 

AC voltmeter 
AC ammeters 
OC anmeters 
On-time meter 
Stopwatch 
Counter 
Adjustable power resistor 
Variable resistors 
Meter test plug 
Insulated test plug 

4. 3 lOUTil'E INSPECTION 

HP6205B or equivalent 
HP6434B or equivalent 
HP34 35A or equivalent 

12 Vdc lamp 
Vari able tr ansfo mer 

120 Vac input, 120 VA min 
Filament transformer, 

120 Vac input, 12 Vac output 
0 - 25 Vac 
O - SA min, and O - lA min 
0 - lA min, and O - 25A min 
Simpson TS-111 (PD-30) 
0 - 6 0 seconds, 0 .1 sec • accuracy 
Redington Model R9-32116 
0 - 4 ohms (200W min) 
0 - 5 00 ohms, and O - 100 ohms 
US&S P /N N322965 
US&S P ;N J07793 l 

Relays must be inspected at least at the intervals indicated in Table 4-1 for 
the following unacceptable conditions. Routine inspectioo should be performed 
in conjt.nction with performance testing (paragraph 4.4). 

a. Abnormally pitted and/or burned contacts 

b. Cootact misalignment 

c. Corrosion or other contamination of relay comi;onents 

d, Loose parts inside cover 

e. Broken seal 

f. Cracked or broken cover. 

4. 4 PERIODIC PERFORMANCE TESTS 

In certain instances, tests on vital relays may be made with the relay installed 
for normal operaticn in the relay rack; in other instances, the relay(s) must be 
removed am tested out of the rack. Regardless of the test method used, any 
testing must be performed in accordance with applicable rules and regulations. 

In ge reral, the perfoi:mance tests check pickup cur rent, dropaway cur rent, timing 
of special and timer relays, and the coding characteristics of code transmitters 
am followers. 
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Dw:ing the perfo:anance of the relay mainterance procedures, it may become 
necessary to disrupt or gain access to a coil or contact circuit. This may be 
accomplished on US&S pl1.13-in relays (without disconnecting or removing any 
wiring) by opening a contact on the rear side of the mounting base with the 
small, spatula shaped, red insulated test plug. The coil circuit of relays 
equipped with a T (test) facility can be disrupted at the front of the relay. 
The test plug (Figure 4-lA) is also referred to as a red stick. To open or 
disrupt a coil or contact circuit, the wide flat end of test plug is inserted 
into the desired receptacle slot above the receptacle spring. Figure 4-lB shows 
a meter test plug that is used generally for relay coil current measurements. 
The plug is a sandwich of two conductors separated by an insulator with a wire 
lead extending fran. each conductor. The shape of the plug is made to fit the 
receptacle slot of the relay mounting base. When inserted into a coil 
receptacle slot, the plug separates the base contact from the relay contact. 
Ccnnection of an obnmeter or cur rent measuring device is accomplished via the 
test plug 1 eads • 

r -----0 ------ 01 , J 

Figure 4-l. Insulated Test Plug ard Meter Test Pl1.13 

The performance tests given in the following paragraphs are performed with 
oovers and seals intact. Where applicable, test configurations am 
calibration/test data are given for specific relays. 
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4.4.1 

The calibration values given in various tables in this 
section reflect shop requirements; except where 
otherwise indicated in the various procedures of this 
section, when relays are checked in the field, the 
following tolerances apply: 

a. Minimum dropaway value of a line relay should not 
be less than 67% of the shop value. 

b. Minimum dropaway value of a~ relay should 
not be less than 85% of the shop value. 

c. Minimum dropaway with full back contact 
compression value should not be less than 33% of 
the shop value. 

d. Maximum pickup and working (full strok~) value 
should not be greater than 110% of the shop value. 

PN-150N Type Neutral Relay Performance Test 

The following procedure shall be performed to determine the dropaway, pickup, 
and working values of neutral relays. 

4.4.1.1 Recommended Test Equipment 

NOMENCLATURE 

Power supply, O - 40 Vdc 
Digital multimeter (two required) 

4.4.1.2 Procedure 

PART/MODEL/TYPE NO. 

HP6205B or equivalent 
HP3435A or equivalent 

Connect neutral relay circuit, as shown in Figure 4-2, and proceed as follows: 

a& Energize de power supply and set switch Sl to the Normal position. 

b. Observe Ml (current monitor), and adjust de power supply output to 
obtain the Charge current reading indicated under AMPS of the CHARGE 
column in Table 4-3. 

c. Adjust de power supply output to reduce the current until the armature 
drops away, opening all front contacts. This is the Main Armature 
Dropaway value and shall be no less than that specified in Table 4-3. 
Further reduce the energization until the latch armature drops away 
from the latch stop. This value shall be no less than that specified 
in Table 4-3, under the LATCH ARMATURE MINIMUM DROPAWAY column. 

d. Deenergize de power supply for one second and set switch Sl to Reverse. 

e. Energize de power supply. 
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POWER 
SUPPLY 

M1 
(CURRENT MONITOR) 

M2 
(VOLTAGE 
MONITOR) 

NORMAL 

51 
(DPDT) 

NOTE: ILLUSTRATION SHOWS THE USE OF M2 (VOLTAGE MONITOR) AS AN 
OPTION. CONNECT M2 ONLY WHEN DIRECTED IN SPECIFIC PROCEDURES. 

+A 

-A 

RELAY 
UNDER 
TEST 

FigtEe 4-2. Typical Relay Test Circuit for Neutral am Biased Relays 
Removed from Racks 

Table 4-3. Neutral Relay Calibration/Test Values 
(See Note in Paragrapi 4. 4 for Allowable Tolerances 

--·- ------------
LATOI 

MAIR LATat AMAR'l'URB 
AIIMATURB ARMATURE MAXIN'.M 
MINIMtM MINIMtM •VERSE 

MAIN 
ARMATURE 
MAXIMUM 
REVERSE 
PICKUP 5 

RELAY RESISTANCE CHARGE DRlPAWAY DR>PAWAY PICKUP WORKING 
TYPB (OHMS) AMPS VOLTS AMPS VOLTS AMPS VOLTS AMPS VOLTS AMPS VOLTS 

PN-150N 240 0.07 16.9 0.0063 1.5 0.0042 1.0 0.0130 3.12 0.019] C.6 

f. Slowly adjust the de power supply output to increase the current to 
obtain the Reverse Pickup (see Note) value of the latch armature. Then 
gradually increase the current setting until the main armature picks up 
to close all front contacts. The Reverse Pickup values of the latch 
and main armatures shall be within the limits given in Table 4-3. 

g. · Set switch Sl to the Normal, positioo and increase the power supply 
output to obtain the Charge value. 
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h. Gradually reduce the output to full dropaway. Momentarily open switch 
SI and return it to the Normal position, gradually increasing output to 
full stroke. This is the normal full stroke obtained from the same 
polarity at which the relay was last charged, and should not be greater 
than the actual •Reverse Pickup• obtained in step 'f'. 

i. Remove the leads from the power supply and connect them in reverse, 
thereby reversing the polarity of the test circuit. 

j. Repeat Steps 'a' through 'h'. 

NOTE 

Reverse pickup is always checked with the opposite 
polarity from that with '-'hich the relay was last charged. 

k. Test concluded. Disconne~t test circuit and return relay to its 
original location. 

4.4.2 Biased Relay Performance Tests 

The following procedure shall be performed to determine the dropaway, pickup, 
and working values of the biased relays; certain relays, namely types PN-150BSR, 
PN-2588, PN-259BSR and PN-259SRA should also be checked for acceptable operating 
times. 

4.4.2.1 Recommended Test Equipment 

Power supply, 0 - 40 Vdc 
Digital multimeter (two required) 
Timer 

4.4.2.2 Voltage/Current Test Procedure 

HP6205B or equivalent 
HP3435A or equivalent 
US&S Model 911A 

Connect biased relay circuit, as shown in Figure 4-2, and proceed as follows, 
using the referenced values for the specific relay given in Table 4-4: 

a. Set switch Sl to Normal. 

b. Energize the de power supply. 

c. Observe Ml (current monitor) and adjust de power supply output to 
obtain the Charge current reading indicated in the AMPS portion of the 
CHARGE column in Table 4-4. Note that relay energizes and remains 
energized as voltage is increased. 

d. Set switch Sl to Reverse. Relay should deenergize. 

e. Set switch SI to Normal. Relay should again energize. 
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RELAY 
TYPE 

PN-1508 

PII-ISOP 

PP-151 

PN-ISOBE 

PN-150BL 

Pll-1508" 

PN-150BH 

PN-2508 

PN-250BE 

1'11-15080 

PN-150BSR 

Pll-150HD 

Pll-1598 

Serles 

Mull Ip le 

l'N-2588 

Pll-259BSR 

Pll-lSOBTR 

Pll-259SRA 

UNION SWITCH & SIGNAL m 
Table 4-4. Biased Relay Calibration/Test Parameters* 
(See Note in Paragraph 4.4 for Allowable Tolerances) 

MINIMUM DROPAWAY MAXIMUM PICKUP 
RESISTAIICE MINIMUM WITH FULL BACK AIID WORKING 

(OHMS) CHARGE DROPAWAY COIITACT (FULL STROKE) 
COMPRESSIOII 

AMPS VOLTS AMPS VOLTS AMPS VOLTS AMPS VOLTS 

800 0.042 33.6 0.0037 3.0 0.0025 2.0 0.0105 e.4 
400 0.053 21.2 0.0047 1.9 0.0031 1.25 0.0132 5.3 
240 0.07 16.9 0.0063 1.5 0.0042 1.0 0.0177 4.24 
100 0.106 10.6 0,0094 0.94 0.0063 0.63 0.0264 2.64 

1300 0.033 42,8 0.0029 3.8 0.0019 2.53 0.0082 J0.7 
400/400 0.09 36.o 0.011 4.5 0.0075 3.0 0.023 9.0 

400 12.0(AC) 8.4(AC) 4.2(AC) 10.8(AC) 

240 0.0918 22.0 0.023 5.52 
400 0.0686 27.4 0.0172 6.85 

25 0.24 6.2 0.062 1.54 

60 0.0594 3.56 0.00742 0.445 0.0049 0.294 0.0148 0.888 

0.18 2.8(AC) 0.2(AC) 0.18(ACl 0.7(AC) 

240 0.0835 20.0 o.001e2 1.88 0.00521 l.25 0.0209(21') 5.02(2F) 
0.025(3F) 6.0(3Fl 

400 0.050 20.1 0.0094 3.76 0.0063 2.51 0.0126 5.03 

1000 0.042 41.8 0.0037 3.7 0.00261 2.61 0.0104 10.42 
250 0.084 20.9 0.0074 1.85 0.00522 1.3 0.0209 5.22 

55 0.079 4.35 0.0104 0.57 0.0069 0.38 0.0197 l.08 
2000 0.014 28.0 0.0018 3.6 0.0012 2.4 0.0034 6.8 

100 0.106 10.6 0.0094 0.94 0.0063 0.63 0.0264 2.64 
800 0.042 33.6 0.0037 2.97 0.0025 1.96 0.0105 B.4 

100 13.8 0.0081 0.81 0.035 3.5 
250 22.3 0.0052 1.30 0.022 5.6 

1300 0.033 42.8 0.0029 3.8 0.0019 2.53 0.0082 10.7 
800 0.0,2 33.6 0,0037 2.97 0.0025 1.96 0.0105 a., 

400/400 

800 66.0 9.0 to 5.5 15.0 to 
11.0 17.0 

200 33.0 4.5 to 5.5 2.75 7.0 lo 9.0 

2000 0.0066 13.2 0.0012 2.s 0.0008 1.7 0.0045 9.0 

225 0.0391 a.a 0.0053 1,2 0.0036 0.81 0.0222 5.0 

l 1.00 1.00 0.132 0.132 o.oaa 0.088 0.250 0.250 
4 0.52 2.10 0.069 0.276 0.046 0.184 0.130 o.52 

13 0.283 J.7 0.037 0.39 0.025 0.33 0.071 0.92 

225 0.0391 8.8 0.001, 1.6 0.0018 0.4 0.0222 s.o 

MINIMUM 
PICKUP AIID 

IIORKING 

AMPS VOLTS 

0.0178 4.25 
0.0132 5.3 
0.048 1.2 

*All current and voltage values are de unless otherwise specified. 

6179, p. 4-9 



I 

UNION SWITCH & SIGNAL 

f. Adjust de power supply output to reduce the current and obtain the 
Minimum Dropaway, which is the value at which the front contacts open 
(refer to Table 4-4 for acceptable value). 

g. Further reduce the de power supply output setting to check Minimum 
Dropaway With Full Back Contact Compression (refer to Table 4-4 for 
acceptable value). Reduce voltage to zero then remove power 
momentarily 'c approximately one second). 

h. Adjust de power supply output to increase current, and obtain Pickup, 
which is the value at which the front contacts make. (See Table 4-4 
for applicable values.) 

i. Further increase the de power supply output setting to obtain the relay 
Working value (Full Stroke), which is the value at which the armature 
is tight up to its stop pins. Frequently, Pickup and Working value 
will be the same. 

j. Test concluded. Disconnect test circuit and return relay to its 
original location. (If relay is type PN-150BSR, PN-259BSR, PN-259SRA 
or PN-258B, continue with Operating Time test procedure given in the 
following paragraph.) 

4.4.2.3 Operating Time 

Operating times to meet the limits given in Table 4-5 shall be measured when 
called for. 

NOTE 

DROPAWAY TIME is the time from opening of the relay coil 
circuit until the front contacts open. In performing 
each check of dropaway time, the circuit shall first be 
opened and the voltage then brought up from zero to the 
value specified, but not beyond. 

PICKUP TIME is the time from closing the relay coil 
circuit until the front contacts close. There shall be a 
minimum of series resistance in the circuit, and the 
specified voltage shall be as measured with the circuit 
closed. 

Proceed as follows: 

a. For slow dropaway relays PN-150BSR, PN-259BSR and PN259SRA, 
proceed as follows: 

1. Connect the relay into the circuit as shown in Figure 
4-Ja. 

2. On the 911A, set the position of the switches as follows: 
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3. Charge the relay in the normal direction using the value specified 
in Table 4-4. Reduce the voltage to zero, open the coil circuit for 
one second, then bring the voltage up to the value specified in 
Table 4-5. 

4. Set the START/STOP switch to the START position. The display will 
start timing, then stop, and the DA indicator will light when the 
relay drops. The value should not be less than the minimum value 
shown in Table 4-5. 

h. For slow pickup relay PN-2588, proceed as follows: 

1. Connect the relay into the circuit as shown in Figure 4-3b. Note 
that there should be a minimum of series resistance in the relay 
circuit. 

2. On the 911A, set the position of the switches as follows: 
PICK-UP/DROP-AWAY switch to the PICK-UP position. 
START/STOP switch to the STOP position. 
ON/OFF switch to the ON position. 

3. Depress the CURRENT/VOLTAGE SET pushbutton and charge the relay in 
the normal direction using the value specified in Table 4-4, then 
reduce the voltage to that specified in Table 4-5. 

4. Set the START/STOP switch to the START position. The display will 
start timing, then stop, and the PU indicator will light when the 
relay picks. The value should not be less than the minimum value 
shown in Table 4-5. 

c. Test concluded. Disconnect test circuit, and return relay to its 
original location. 

RELAY 
TYPB 

PN-l508SR 

PN-2588 

PN-259BSR 

PN-259811\ 

Table 4-5. Dropaway and Pickup Operating Time Values for 
Type PN-150BSR, PN-2588, PN-259BSR and PN-259SRA Relays 

OOIL DROPAWAY TIME PICKUP TIMB 
RBSISTAHCB Nr MDI AT MDI MAX AT NIN Nr 

(OHMS) VOLTS SBC VOLTS SBC SBC VOLTS SBC VOLTS 

100 4.7 0.8 5.6 1.0 
250 7.5 0.8 9.0 1.0 

2000 12 .o l.05 13.2 

··225 6.0 2.0 8.0 2.75 3.5 

225 6.0 2.0 8.0 2.75 3.5 

MDI 
SBC 

0.85 
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POWER SUPPLY 

+ 

US&S 911A 
TIME INTERVAL METER 

JUMPER 

+ 

CONTACTS 

Figure 4-3a. Test Setup for Measurement of Operating Time 

0 PICK UP START 

0 0 PU 

0 DROP AWAY STOP 

DA 

0 0 (±) 8 
:- RELAY 

COIL 
CONTACTS 

Figure 4-3b. Front Panel of US&S 911A 
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4.4.3 PP-151 Type Magnetic Stick Relay Performance Test 

Test the operating characteristics of the magnetic stick relay as follows: 

4.4.3.1 Recommended Test Equipment 

NOMENCLATURE 

Power supply, O - 40 Vdc 
Digital multimeter (two required) 
DPDT switch 

PART/MODEL/TYPE NO. 

HP6205B or equivalent 
HP3435A or equivalent 

4.4.3.2 Procedure 

Connect biased relay circuit, as shown in Figure 4-2, and proceed as follows: 

I 

I 

a. set switch Sl to Reverse. 

b. Energize de power supply. 

c. Observe Ml (current monitor) and adjust de power supply output to 
obtain the appropriate Charge current indicated under AMPS of the 
CHARGE column in Table 4-4. The upper (reverse) contacts shall close. 

d. Adjust de power supply output to decrease current reading on Ml to 
zero. Set Sl to Normal. 

e. Adjust de power supply output to increase current until relay armature 
reverses and normal (bottom) contacts close. Current monitor Ml or 
voltage monitor M2 should indicate no greater than 110% of the maximum 
value indicated in Table 4-4. 

E. Adjust de power supply voltage control to decrease current reading on 
Ml to zero. 

g. Set switch Sl to Reverse. 

h. Adjust de power supply voltage control to increase current until the 
relay armature reverses, closing the reverse contacts. The value of 
energization should be no greater than 110% of the maximum value 
indicated in Table 4-4. 

i. The lower pickup and working value obtained in steps 'e' or 'h' should 
be no less than 70% of the higher value. 

j. Test concluded. Disconnect test circuit and return relay to its 
original lo~ation. 
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4.4.4 PN-150P Type Power Transfer Relay Performance Test 

Test the operating characteristics of the power transfer relay as follows: 

4.4.4.1 Recommended Test Equipment 

NOMENCLATURE 

Variable transformer (Variac) 
Filament transformer 
Digital multimeter 
SPST switch 

PART/MODEL/TYPE NO. 

120 vac, 60 Hz input 
120 vac pri., 12.6 Vac sec. 
HP3435A or equivalent 

4.4.4.2 Procedure 

Connect power transfer relay test circuit, as shown in Figure 4-4, and proceed 
as follows, using the referenced values for the specific relay given in Table 
4-4. 

I 

I WARNING -

Voltage and current dangerous to life are present. 
Use one hand to make connections. 

a. Ensure that switch Sl is in the Off position. 

b. Set Variac output control to minimum output setting. 

c. Connect circuit to 120 vac, 60 Hz line. 

a. Set switch Sl to the On position. 

e. Adjust Variac output control slowly to increase output level, as 
indicated by Ml (up to but no higher than the Charge value in Table 
4-4) where relay energizes and armature picks up through full stroke. 

f. Slowly decrease the Variac output until the armature stop pin starts to 
move away from its pole piece. At this value all front contacts should 
open and all back contacts should close. Ml should indicate no less 
than 90% of the minimum dropaway voltage given in Table 4-4. 

g. Further decrease the Variac output until the full back contact 
compression is achieved. Ml should indicate a value no less than the 
minimum dropaway with full back contact compression voltage given in 
Table 4-4. 

h. Decrease variac output to zero. Open the circuit (set switch Sl to 
Off) for one second, then set sl to on. 
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120VAC 
60HZ 
(ISOLATED 
LINE) 

T1 M1 

II 
12.6VAC 

Figure 4-4. Power Transfer Relay Test Circuit 

AC 

AC 

POWER 
TRANSFER 
RELAY 
UNDER TEST 

i. Gradually increase the Variac output until the armature moves away from 
the permanent magnet with a definite sudden motion. The voltage at 
which this action occurs should not be more than 95% of the actual 
pickup value measured on the tested relay. 

j. Continue increasing current until the armature picks up to close the 
front contacts, moving to the stop pin at the same energization value. 
The voltage at which this occurs should not be more than 110% of that 
specified in the calibration tables for Pick-Up and working. 

k. Test concluded. Disconnect test circuit and return relay to its 
original location. 

4.4.5 PN-150BL Type Light-Out Relay Performance Test 

Test the operating characteristics of the light-out relay as follows: 

4.4.5.1 Recommended Test Equipment 

NOMENCLATURE 

Variable transformer (Variac) Tl 
Filament transformer T2 
AC ammeter 
SPST switch 
Resistor 4 ohms 

(, 

PART/MODEL/TYPE NO. 

120 vac, 60 Hz input 
12 Vac, 60 Hz secondary 
0 - 5 Amp minimum 
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4.4.5.2 Procedure 

Connect test circuit, as shown in Figure 4-5, and proceed as follows~ using the 
referenced values for the specific relay given in Table 4-4: 

I 

I WARNING' 

Voltage and current dangerous to life are present. 

~i.O_F_F __ _, 

ON 

120 VAC 
60HZ 
(ISOLATED 
LINE) II 

Use one hand to make connections. 

T1 

T2 
(12 VACI 

Figure 4-5. Light-Out Relay Test Circuit 

a. Set switch Sl to the Off position. 

b. Set variac output control to minimum output setting. 

c. Connect circuit to 120 Vac, 60 Hz line. 

d. Set switch Sl to the On position. 

+A 

-R 

LIGHT OUT 
RELAY 
UNDER TEST 

e. Adjust Variac output control until the ammeter indicates the relay 
Charge current value given in Table 4-4. Relay will energize. 

f. Reduce variac output control setting until front contacts open. The 
ammeter should indicate a value not less than the minimum dropaway 

I current given in Table 4-4. (See NOTE in Para. 4.4) 

g. Further reduce the variac output control setting until the armature 
causes the full compression between the heel and back contacts. The 
ammeter should indicate a value not less than the minimum dropaway with 
full back contact compression value given in Table 4-4. Reduce the 
current to zero then open the circuit momentarily. 

h. Increase the variac output control setting to the point where the relay 
armature completes its motion and closes against the pole piece. 

i. The ammeter should indicate a value less than or equal to the maximum 
pickup and working current given in Table 4-4. (See NOTE in Par. 4.4) 
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j. Test concluded. Disconnect test circuit and return relay toils 
original location. 

PF-256 Type Flasher Relay Performance Test 

Test the operating characteristics of the flasher relay as follows: 

4.4.6.1 Recommended Test Equipment 

NOMENCLATURE 

Power supply, O - 40 Vdc 
Digital multimeter, 0 - 40 Vdc 
SPST switch 
Counter 
Stopwatch 
On-Time Meter 

4.4.6.2 Procedure 

PART/MODEL/TYPE NO. 

HP6205B or equivalent 
HP3435A or equivalent 

Counter, electromechanical 
O.l sec. accuracy 
PD-30 (Simpson TS-111) 

Connect the flasher relay test circuit, as shown in Figure 4-6, and proceed as 
follows: 

a. Slowly increase de power supply output setting. Relay should start 
operating at a value equal to or less than 6 volts at 68°F. 

b. Increase power supply output until Ml indicates 10.0 volts. 

c. set switch Sl to the ON position and simultaneously begin to time a 
period of three minutes. 

a. At the end of precisely three minutes, set switch Sl to OFF and note 
the reading at the counter. 

e. Divide the counter reading by three. The resultant rate should be a 
minimum of 48 per minute for P/N N322561-002 and -802. For P/N 
N322561-001 and -801, the rate should be a minimum of 36 per minute. 

f. With switch Sl set to OFF and the relay operating at 10 volts, connect 
leads of on-time meter across heel and normal contacts, and then across 
heel and reverse contacts. Normal and reverse contact on-time readings 
should be within 20% of each other. 

g. Test concluded. Disconnect test circuit and return relay to its 
original location. 
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S1 OFF Ll F (FRONT) 0 O ON 
(HEEL) 

(LEFT SIDE 

+ LOOKING 
+ PS + FROM M1 

FRONT) 
POWER v COUNTER 
SUPPLY 

FLASHER UNDER 
- - TEST (RIGHT SIDE -

LOOKING FROM 
FRONT) . 

Figure 4-6. Flasher Relay Test Circuit 

4.4.7 PC-250TR or PC-57 Type Code Transmitter Performance Test 

Code transmitters are checked-for both code rate and contact on-time value. 
Proceed as follows: 

NOTE 

A code transmitter must never be placed with its 
base contacts facing downward. To do so can cause 
damage to the relay. 

4.4.7.1 Recommended Test Equipment 

NOMENCLATURE 

Power supply, 0 - 40 Vdc 
Digital multimeter, 0 - 40 Vdc 
SPST switch 
Counter 
Stopwatch 
On-Time meter 
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PART/MODEL/TYPE NO. 

HP6205B or equivalent 
HP3435A or equivalent 

Counter, electromechanical 
0.1 sec. accuracy 
Simpson TS-111 (US&S PD-30) 
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4.4.7.2 Procedure 

Connect the code transmitter test circuit, as shown in Figure 4-7, am proceed 
as follows: 

a. Starting Voltage Check 

1) Ccnnect the code transistor into the test circuit as shown in 
Figure 4-8. 

2) With the pen:iulum at rest, slowly increase the power supply output 
until the pendulum begins to oscillate. The voltage at this point 
should. not exceed the "maximum rated starting" voltage given in 
Table 4-6. 

b. Code rate check. 

1) Refer to Table 4-6 and ascertain the naninal voltage of the code 
transmitter to be tested. 

2) Set the power supply output for the appropriate naninal voltage, 
and allow relay to operate for several manents before continuing 
with the next step. 

3) Set switch Sl to off, aoo ensure that the counter is reset to zero. 

4) Using a stopwatch to make the t:ime measurement, simultaneously set 
switch Sl to On, am start the stopwatch. 

5) Set switch Sl to Off when the stopwatch indicates that exactly 
three minutes have elapsed. 

6) Divide the reading on the counter by three and observe that the 
result is within the appropriate code rate limits indicated in 
Table 4-6. 

7) For greater accuracy, repeat steps (4) through (6) several times to 
develop an average reading. Use this average then to c~~~ with 
the rates in Table 4-6. 

~ F(FRONT) 

··-. 

Sl OFF 
J OON (HEEL) 

.. " 

+ + + 
'M1 

POWER v CODE TR COUNTER SUPPLY UNDER TEST 

- - -

Figure 4-7. Code Transmitter Code Rate Test Circuit 
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Table 4-6. Code Transmitter Relay Calibr atioo/'lest Value 

RATED COIL VOLTAGES CODE RATE-CYCLES/MIN. 

RELAY CODE RESISTANCE RATED RATED RATED RATED AT RATED AT MIN. AT MAX. 
TYPE SPEED (OHMS) NOM MIN MAX STARTING VOLTAGE VOLTAGE VOLTAGE 

PC-250TR 75 60 10/12 8 14 5 72;!:.0.5 74(Max) 70(Min) 

PC-57 

75 90 16 11 18 6.7 72;!:.0.5 74(Max) 70(Min) 
120 40 10/12 8 14 7.5 123+0.5 125(Max) 12l(Min) 
180 60 Hl/12 8 14 6 184I 1 187(Max) 18l(Min) 

240 125 16 12 20 10 240;!:. 1 234(Min) 244(Max) 

c. On-tmie check. Connect the code transmitter test circuit, shOwn in 
Figure 4-8, aoo proceed as follows: 

l) Set power supply output to the rated minmium voltage given in Table 
4-6. 

2) With PD-30 connected between a set of heel arrl front contacts, set 
the PD-30 functioo switch to SET 100 and adjust the ADJ I cootrol 
for an indication of 100% on the meter. 

3) Set the PD-30 functioo switch to SLOW, and observe the movement of 
the meter pointer • 1 Take the reading after the pointer settles to a 
sanewhat steadY.::.~caticn. The meter indicatioo should be between 
38 aoo 48% at ~ minimum arrl maximm voltages. 

4) To check the on-tmie period of the back contact repeat steps (2) 
and (3) with the PD-30 connected between the heel and back contacts • 

.. 
5) Repeat steps ( 2) thIOugh { 4) for all sets of coding contacts. 
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Figl.B':e 4-8. Code Transmitter On-Time Test Circuit 

4. 4. 8 PC-250B Type Code Following Relay Performance Test 

Test the operating characteristics of the biased code following relay as follows: 

4. 4. 8.1 Recomnended Test Equipment 

'QmNCLATtRE 

Power supply,. 0 - 40 Vdc 
Digital multimeter, 0 - 40 We 
IPIJr switch 
On-Time meter 
Code transmitter 

I. 

PARr/MODELf.rYPE NO. 

BP6205B or equivalent 
HP34 35A or eq.iivalent 

Simpson TS-111 (US&S P0-30 code meter) 
PC-250TR ( 7 5 code) 
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4.4.8.2 Procedure 

This procedure checks Pickup, minilllum Dropaway and On-Time perfomance of the 
biased code follower relay. 

a. Pickup am minimum dropaway checks. Coonect test circuit as shown in 
the biased relay circuit in Figure 4-2, and proceed as follows: 

1) Set switch Sl to Nomal. 

2) Energize de power supply. 

3) Observe Ml (cur rent monitor) and adjust de power supply outPlt to 
obtain the charge current reading indicated in the Cli\RGE (AMPS) 
ooltnn in Table 4-7. Note that relay erergizes am remains 
energized as voltage is increased. 

4) Set switch Sl to Reverse. Relay should deerergize. 

5) Set switch Sl to Normal. Relay should again energize. 

6) Gradually adjust de power supply output to reduce the cur rent and 
obtain the field limit minimum dropaway, which is the value at 
which the front contacts open (refer to Table 4-7 for acceptable 
value). Further reduce the current to zero. 

7) Gradually adjust de power supply output to increase cur rent, and 
obtain field limit pickup level specified in Table 4-7. 

b. On-time check. Cmnect test circuit, shown in Figure 4-9, and proceed 
as follows: 

RELAY 
TYPE 

PC-2508 

PC-250P 

1) With the PD-30 connected, as shown in Figure 4-9, between the heel 
and front contacts of a given contact set, set the PD-30 function 
switch to SET 100 and adjust the AllJ' I control for an indication of 
1001 on the meter. 

2) Set the PD-30 function switch to SLOW, and observe the movement of 
the meter pointer. Take the reading after the pointer setiles to a 
sanewhat steady indicatioo. The meter indicatioo soould be between 
30 and 70%. 

Table 4-7. Code Following Relay Calibratioo/rest Values 

FIELD LIMITS (AK>Sl 
COIL CmRGE PICKUP MIN 

RESISTANCE (AWS) MIN MAX DBOPA~Y 

135 0.060 0.012 0.030 0.005 
360 0.045 0.008 0.021 0.003 

180/180 o. 047 0.009 0.025 
20/20 0.130 0.027 0.045 
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ON-TIME 
METER 

I 
F I 

... -...., I 
I 
I 

L-o.-J H tF H B - ... ~ 
T 

I + 
-

POWER 
SUPPLY 

I -

+ 

TA (75 CODE) CF ....... -

Figure 4-9. Biased Code Follower Relay Test Circuit 

CF UNDER 
TEST 

3) To check the en-time period of the back contact, repeat steps (1) 
and (2) with the PD-30 connected between the heel and back contacts. 

4) Repeat steps (1) through (3) for all sets of contacts. 

4.4.9 PC-250P Type Code Follower Relay Performance Test 

Test the oper~ttng characteristics of the magnetic stick type code following 
relay as foll~ws: 

4. 4. 9 .1 Reoomme m f'¥i Test F.gu iPtUe nt 

?ower ·aupply, o - 40 Vele 
Digital multimeter (two required) 
DPM ad. tc h 

PARr/MODEL/rYPE NO. 

HP6205B or equivalent 
HP3435A or equivalent 
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4. 4. 9. 2 Procedure 

This procedure checks pickup perfoonance of the magnetic stick code following 
relay. Connect. test circuit as sb:>wn in biased relay circuit in Figure 4-2 and 
proceed as follows: 

a. Set switch 51 to Reverse. 

b. Erergize de power supply. 

c. Observe Ml (current monitor) and adjust de power supply output to 
obtain the. appropriate charge current indicated under the CBl'\RGE (AMPS) 
oolunn in Table 4-7. 

d. Adjust de power supply output to decrease current reading on Ml to zero. 

e. Set switch 51 to Normal. 

f. Adjust de power supply output to increase cur rent until relay armature 
picks up and normal contacts close. Current monitor Ml sb:>uld indicate 
the minimum field 1 im it pickup leve 1 given in Table 4-7. 

g. Adjust de power supply output to decrease current reading on Ml to zero. 

h. Set switch 51 to Reverse. 

i. Adjust de power supply output to increase current until relay armature 
picks up to close the reverse contacts. Current monitor Ml should 
indicate the field limit pickup level given in Table 4-7. 

j. Repeat the abOve steps 'a' through 'i', except use the +B and -B coil 
terminals. 

k·. The difference between bOth Nomal and both Reverse values must not 
exceed 6%. 

4. 4.10 PN-15050 Type Switch Overload Relay Perfoimance Test 

Test the o~rating characteristics of the switch overload relay as follows: 

4. 4.10.1 !!g>mmerrled Test F.quipnent 

NOMENCL.M'URE 

Power supply, 0 - 40 'We 
OC anm4;!ter 
Heavy-duty SPST Srli tch 
Power resistor 
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HP6434B or ec:pivalent 
0 - 25A 
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4.4.10.2 Ptocedure 

Ccnnect the circuit as soown in Figure 4-10 am proceed as follows: 

a. Set power supply control to zero output positicn. 

b. Set switch Sl to the Soort position. 

c. Adjust de power supply voltage control to obtain the current value 
shown in Table 4-8 under the MIN colt.Jnn. 

d. Using a stopwatch to make the time measurenent, simultaneously set 
switch Sl to Open am start the stopwatch. 

e. Stop the watch the instant the overload relay enetgizes. Also remove 
power as soon as possible. The minimum time soould be as indicated in 
Table 4-8. 

f. Repeat the above steps to check the maximum operating time of the 
ovetload relay, after allowing several minutes for the relay internal 
thermal resistor to cool down. 

+ 
DC 
SUPPLY 

DC SUPPLY 
A 
51 
R 

• HP6434B 
• DC AMMETER (0·25A MIN) 
• HEAVY DUTY SWITCH 
• POWER RESISTOR 

+ 
SWITCH 
OVERLOAD 
RELAY 

----- UNDER TEST 

Figure 4-10. PN-150SO Relay Test Cit cui t 

Table 4-8. Switch Overload Relay Calibraticn/Test Values 

THERMAL Cl?ERA'l'ING TIME 
BELAY BESlSTOR MINIMUM MX 
T?PE NOM (EM; AWS SEC AW SEC 

.. 

PN-150SO o. 039 12 8 8 40 
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4.4.11 PT-55 Type Time Element Relay Performance Test 

I Time element relays must be checked for time delay accuracy every year 
less, and calibrated and contact resistance measured every two years. 
adjustment procedures are included~ however, timing adjustment applies 
or replacement time element relays, and must be performed by authorized 
personnel only. 

4.4.11.1 Recommended Test Equipment 

NOMENCLATURE 

Power supply, O - 40 Vdc (two) 
Digital multimeter 
SPST switch (three required) 
Test lamp 

PART/MODEL/TYPE NO. 

HP6205B or equivalent 
HP3435A or eqivalent 

12 volt type 

or 
Timing 
to new 

Code transmitter 
Stopwatch 

PC-250TR (75 code) or PC-57 (240 code) 
0.1 sec. accuracy 

I 4. 4 .11. 2 · Operation and Time Delay 

a. Operating and Timing Checks 

NOTE 

Observe operating magnet armature follows the coded 
impulses, properly raising the gear train to close 
the·time contacts and continuing until the control 
contacts opens. The operating magnet must move the 
ratchet wheel one tooth for every coded impulse. 

1. Using a stopwatch, energize the relay and start the stopwatch 
simultaneously to measure the time delay of the relay as marked on the 
circuit plans for that specific relay. Also count the additional 
timing pulses it takes to open the control contact. The time measured 
must be within.:!::. 10% of the predetermined time interval. 

2. If the service voltage is within +10% of the value when the relay was 
pla~~d ir. service and the ambient-temperature is +so°F of when the 
reJ~y was last timed and the measured time in Step (1) is between 10% 
to 15%, the time should be adjusted to be within 10% of the 
predetermined time. 

3. If the delay time is not within the above limits, it should be shopped. 

4·. If ':h·~· control contacts never open to stop the operating magnet, or if 
the.number of additional pulses is more than 10% of the maximum listed 
below, the relay should also be shopped. 

25 second relay== 8 to 10 pulses 
120 second relay = 36 to 48 pulses 

6 minute relay= 36 to 48 pulses 
11 minute relay = 66 to 82 pulses 
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4.4.11.3 Calibration 

a. Opetating relay - With the relay connected as shown in Figure 4-11, 
proceed as follows: 

+ 
DC 
SUPPLY 

(1) set the power supply output to the •charge Volts• value in Table 
4-9 for the relay under test. 

(2) Energize the clutch magnet via switch Sl. Temporarily energize the 
operating magnet via switch S2 until the ratchet wheel rotates to 
just close the time contacts, but not to open the control contact. 

(3) Energize the operating magnet at the charge value via switch S3. 

(4) Decrease the supply voltage slowly until the armature drops away 
and falls against its back stop. This voltage should not be less 
than the value in Table 4-9 for the minimum dropaway of the 
operating magnet. 

(5) Open switch S3 momentarily and reclose, increasing the supply 
voltage gradually until the armature picks up to step the ratchet 
wheel one tooth. This pickup should not be more than that given in 
Table 4-9 for normal maximum pickup. 

CODE 
TRANSMITTER 

+ 

DC 
SUPPLY 

53 

Figure 4-11. Time Element Relay Test Circuit 

I, 

PT-55 
RELAY 
UNDER 
TEST 

ANY SET 
OF TIMING 
CONTACTS 
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b. Clutch relay - CCnnect the test circuit as shown in Figure 4-11, am 
proceed as follows: 

(1) Set p;:>wer supply output to the "Charge Volts" value in Table No. 
4-9 for the relay under test. 

(2) J!pply i;ower supply charge voltage via switch Sl. 

(3) Decrease the supply voltage slowly until the relay armature drops 
away to close its back oontacts. 

(4) Open the circuit manentarily (Sl to OFF), then close the circuit 
am slowly increase the supply voltage until the armature picks 
up. The clutcn magnet should meet the dropaway and pickup voltages 
shown in Table 4-9. 

c. If the measured pick-up values are more than 1101 of the values 
specified in Table 4-9, or the drop-away values are less than 671 of 
the values specified in Table 4-9, the relay sb:>uld be soopped. 

Table 4-9. __ Calib;ation of PT-55 Relays 

CLUl'at MAGNET <PERATING MAQmT <PERA'l' ING TEST 
VOLTAGES AT RATED 

COIL MIN MAX COIL MIN MAX PICKUP COOE J!'fCBQUENCY 
NORMAL BES IltOP- PICKUP BES l:mOP- HEAVY (SEE HAMB PLATE) 
E!ERG CHARGE IN AWAY & NCltKING IN AWAY NORMAL Lat.D MIN MAX 
VCLTS VCLTS CllMS VCLTS VCLTS CllMS VCLTS VCLTS VOLTS VCLTS VCLTS 

10·. 15 65 1.0 5.3 72 0.31 2.5 3.2 7.0 15 

12 18 100 1.25 6.7 112 0.40 3.3 4.2 7.5 18 

!6 24 150 1.5 8.2 112 0.40 3.3 4.2 ll.O 24 

4.4.11.4 Contact Resistance 

Measure the oontact resistance of the check am time contacts. If the 
resistance is greater than the maximum limits listed below, the relay should be 
snapped. 

a. -Ba~k Ccntrol Ccntact (Silver to Silver) 
Measured at supp;:>rt fingers next to base 
with relay deerergized. 

b. Back Check Contact (Silver to S. I.C.) 
Measured between 403-4(]1, 503-5(]1 
and 603-6CH with relay deenergized. 

c~ Front Time Cootacts (Silver to s. I.e.) 
Measured between l'l.'F-lTH, 2TF-2TH and 
am. 3'1F-3TH with relay energized am gear 
ti:ain at end of t:lme interval. 
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4.4.11.5 Timing Adjustment (Refer to Figure 4-12) 

This adjustment may have to be made while the relay is removed from the mounting 
rack if the area above the relay is too confined, but should be reinstalled for 
timing accuracy check. 

a. Remove relay cover Cl), or plug (7) if provided, to gain access to the 
gear train (6). 

b. Using a small screwdriver, or tool J397164-0044 and J397164-0045, 
adjust the worm shaft (2) to position the pointer (5) to the desired 
time, as indicated on the segment (4). This is an approximate setting. 

c. Operate the relay and check the timing accuracy with a stopwatch and 
readjust the worm shaft as necessary to obtain the desired time delay. 

d. Operate the relay several times to be sure that the relay time delay is 
within 101 of the value marked on the circuit plans for that specific 
relay. 

e. Install the relay cover and install a lead seal, if necessary. 

4.4.12 PP-640 Type Code Following Relay Performance Test 

Test the operating characteristics of the ground detector type code following 
relay as follows. This should be accomplished by energizing only the •aiasing• 
coil circuit. Biasing coil circuit terminals are #13 (+) and t9 (-}. 

A(+) current flows when positive energy is applied to 
(+) relay terminal 113, and(-) current flows when 
positive energy is applied to(-) relay terminal f9. 

4.4.12.1 Recommended Test Equipment 

NOMENCLATURE 

Power s:1.p;,J.~ t O - 40 Vdc 
Digital ~~ulti.meter (two required) 
DPDT St~itch 

PART/MODEL/TYPE NO. 

HP6205B or equivalent 
HP3435A or equivalent 

Connect test ci~cuit for the biasing coil circuit as shown in Figure 4-13. 
Proceed as follcws~ 

a. set switch Sl to Normal. 

b. Ener~ize de power supply. 

c. Observe current on Ml and adjust de power supply output to obtain 
+0.012 amp charge current. 
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GEAR TRAIN WORM SHAFT 

Figure 4-12. Pl'-55 Time Element Relay, Timing Adjustment 
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d. Adjust de power supply output to decrease current reading on Ml to 
+0.007A. 

e. set switch Sl to Reverse to give a negative charge of -0.007 amp. 

f. Set switch Sl to Normal and increase charge to +0.012 amp as shown on 
meter Ml. 

g. Gradually reduce current (approaching zero) until the relay picks up. 
(Front contacts close). If zero current is reached before relay picks 
up, set switch Sl to Reverse and slowly increase current until relay 
picks up. current monitor Ml should indicate the pick up level given 
in Table 4-10. 

h. After the pick-up value has been determined, set switch Sl to the 
reverse position (if not already there) and increase current to give a 
negative charge of -0.007 amp. 

i. Adjust de power supply output to decrease current reading on Ml to zero. 

j. set switch Sl to Normal. 

k. Adjust de power supply to increase current until relay armature drops, 
opening the front (left) contacts. current monitor Ml should indicate 
the dropaway level given in Table 4-10. 

1. continue to increase current until armature reaches full dropaway 
position. current monitor should indicate the full dropaway level 
given in Table 4-10. 

m. Test concluded. Disconnect relay from test equipment and restore to 
its original state. 

Table 4-10. Ground Detector Relay Calibration/Test Values 
(See Note in Paragraph 4.4 for Allowable Tolerances 

PICKUP DROP AWAY FULL 
AND WORKING (AMPS,) DROP AWAY 

RESIST,'\NCE AMPS MIN MAX (AMPS) 
.. (MIN) 

380!) ohms· -0.002* +0.007* +0.009* +o. 010• 
:code circuit) 
and 1530 ohms 
(bias circuit) 

*Positiv~ {+) current flows when test circuit switch Sl is set to normal; 
negative(-) current flows when Sl is·set to reverse. 
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M1 
PLUS TERMINAL 

+ M2 51 

POWER 
SUPPLY 

NORMAL 

RELAY..__._. 
UNDER 

___ T_E_s_T __ _, NEG. TERMINAL 

Figure 4-13. Ground Detector Code Follower Relay Test Circuit 

4.4.13 PN-152SO Type Switch Overload Relay Performance Test 

Test the operating characteristics of the PN-152SO relay as follows: 

4.4.13.l Reconmended Test Equipment 

lDtENCLATURE 

Power supply, 0 - 40 Vdc 
1£ ammeter (for operate circuit) 
1£ anmeter (for stick circuit) 
SPDr center-off switch (heavy duty) 
Variable power resistor (Rl) 
Variable resistor (R2) 
Magnetic blowout heavy-duty relay 
Stopwatch 

4.4.13.2 Prxedure 

PARl'/MODEL/TYPE NO. 

HP6434B or equivalent 
0 - 25A 
0 - !A 

0 - 4 ohms (200 W min.) 
O - 500 ohms 
PN-150BM 
0.1 Sec. accuracy 

Connect the circuit as shown in Figure 4-14 arrl proceed as follows: 

a. Adjust resistor Rl to a resistance of approximately 0.6 ohms. 

b. Adjust resistor R2 to a resistance of approximately 375 ohms. 

c. Energize de power supply and adjust output for level of 12 volts, as 
indicated on the power supply voltmeter. 

d. Momentarily set switch Sl to positioo 1. This will cause the PN-150BM 
relay to energize arrl stick via contact set lF-lH. 

e. ·Momentarily set switch Sl to positioo 2. Adjust resistor Rl for a 
current indication of 13 amperes on the operate dc ammeter. 
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f. Adjust resistor R2 for a current indication of 0.013 ampere on the 
stick de anmeter. 

g. Deenergize the power supply (am hence the entire circuit). Let the 
circuit stand for approximately five minutes to allow the thermal 
resistor (in the PN-15280 relay) to cool. 

h. Energize de power supply. 

i. Mauentarily set switch Sl to position 1, to energize the PN-lSOBM relay. 

j. Using a st:9pwatch to make the time measurement, simultaneously set 
switch Sl to position 2, am start the stopwatch. 

k. Stop the watch the instant the overload relay energizes. The measured 
time should be five seconds, . ±10%. 

,-.- ---------, 
I PN-15250 RELAY I 
I : UNDER TEST I . 
I I · 
I I 
I I 
I 
f 
I 

! 

HV+ 

I HV- . w L _____ _ 

DC+ 

I 
DC· I __ .J 

OPERATE 
A OCAMMETER 

i0-25A) 

f "' 
I 

51 

2 

STICK 
A OCAMMETER 

(0-1A) 

R2 

f DC --------1 SUPPLY 

1F 

Figure 4-14. PN-15250 Relay Test Circuit 

+ 
1H 

2H 
PN·150BM 
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1. Repeat the procedure in steps 'g' through 'k' with resistor Rl adjusted 
for a current indication of 15 amperes on the operate de ammeter. The 
measured time should be three seconds, 2:,10%. 

m. Test concluded. Disconnect test circuit and return overload relay to 
its original location. 

4.4.14 PV-250 Type AC vane Relay Performance Test 

Test the operating characteristics of the ac vane relay as follows: 

4.4.14.1 Recommended Test Equipment 

NOMENCLATURE 

AC ammeter 
AC voltmeter 
variable.resistor 
Variable transformer (Variac) 
SPST switch 

4.4.14.2 Procedure 

PART/MODEL/TYPE NO. 

O lA ac 
0 - 25 Vac 
O - 500 ohms, 50 watts 
120 vac, 60 Hz input 

Connect test circuit, as shown in Figure 4-15, using the referenced values for 
the specific relay given in Table 4-11. 

WARNING' 

Voltages and current dangerous to life are present. 
Use one hand to make connections. 

a. Sat switch Sl to the Off position. 

h, Set Variac output control to minimum output setting. 

c. Adjust value of variable resistor R to approximately 250 ohms for the 
t~~~k circuit relay test, or to 500 ohms for the ground detector relay 
i:P.,-: {!)rat full output of the variac, adjust resistor so that the 
c~r~€nt flowing is 10% above Full-Stroke value). 

d. connect circuit to 115V + 1%, 60 Hz line. 
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e. Set switch Sl to the On position. 

f. Slowly adjust the Variac control to increase the output until the front 
contacts just close and note the value indicated on the ac anuneter. 
This is the Pick-up value and should be within 5% of the value 
specified in Tpble4-ll. (Voltage values are given for reference only) 

g. Again slowly increase the output until the vane just touches the top 
roller and note the value indicated on the ac anuneter. This is the 
Full-Stroke value and should be within 5% of that specified in Table 
4-11. 

h. Slowly adjust the Variac control to decrease the output until the front 
contacts open and note the value indicated on the ac anuneter. This is 
the Minimum Drop-Away and should not be less than the percentage 
(specified in Table 4-11) of actual pick-up value measured in Step f. 

i.. Test concluded. Disconnect test circuit and return relay to its 
original location. 

115 VAC 

60HZ j 
(ISOLATED 
LINE) 

ON OFF 

v 

C2· C1+ 

L· L+ 

RELAY 
UNDER 
TEST 

Figure 4-15. AC vane Relay Test Circuit 
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Table 4-11. AC vane Relay Calibration/Test values 

PICKUP* (PU) 
RANGE 

FULL STROKE* 
MIN DROPAWAY 

RELAY TYPE VOLTS AMPS VOLTS AMPS (% OF ACTUAL 

0.45 o. 304 MIN o. 774 0.523 
N322555-801 0.474 0.32 NOM 0.815 0.55 

0.498 0.336 MAX 0.856 0.578 

0.75 0.30 MIN 0.878 0.351 
N342555-803 0.79 0.315 NOM 0.925 0.37 

0.83 0.33 MAX 0.971 0.388 

3.94 0.123 MIN 5.46 0.171 
N322555-805 4.15 0.130 NOM 5.75 0.180 

4.36 0.137 MAX 6.04 0.189 

0.702 0.293 MIN 0.764 0 .321 
N342555-914 0.739 0.309 NOM 0.805 0.338 

0.776 0.325 MAX 0.845 0.355 

* AC values 

4.4.15 PT-150 Thermal Relay Performance Test 

Test the operating characteristics of the thermal relay as follows: 

4.4.15.1 Recommended Test Equipment 

Voltmeter 
stopwatch 

HP3435A 
0.1 sec. accuracy 

4.4.15.2 Procedure 

a. · con:1ect \1oltmeter to relay terminals •c1 • and •c2•. 

NOTE 

swo time i.ntervals are to be measured, 
~i) P~ont Contact Time - the time from the instant 
energy is applied until the~ contact closes. 
(2) Total Operating Time - the time from the instant 
energy is applied until the back contact recloses. 
(after the front contact has been made and some relay 
ttus picked up has deenergized the heater circuit. 

70 

80 

80 

80 

PU) 

b •. Simul+:?.neously energize the circuit and start the stopwatch. Quickly note 
tha value of applied voltage before the delay time interval has expired. 

c.:-. When t-ne front contact closes, note the delay time interval on the 
s::opwat-.ch and keep the watch running. 

61.79, ['.• 4-36 
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d. When the back contact recloses, stop the stopwatch and note the delay time 
interval. 

e. The applied voltage to the heater coil and,the time interval(s) should be 
as specified on the circuit plans for that specific relay. 

f. If the time interval and applied voltage is not as specified, the applied 
voltage must be corrected and the timing procedure repeated. It is 
important to wait at least eight minutes before repeating the time delay 
interval procedure to allow the relay to cool and assume its normal 
position. If the time interval only is not as specified, remove the two 
screws securing the top cover at the front and back and remove the cover. 
Using a screw driver, adjust the front contact adjusting terminal post and 

~ repeat the timing procedure until the required time is obtained. 

g. Install relay cover, screws and then reseal. 

4.4.16 PN-150T Time Element Relay Performance Test 

Test the operating characteristics of the time delay relay as follows: 

4.4.16.1 Recommended Test Equipment 

Voltmeter 
Stopwatch 

HP3435A 
0.1 sec. accuracy 

4.4.16.2 Procedure 

a. 

b. 

c. 

a. 

Connect voltmeter to relay terminals•+• and•-•. 

Simultaneously energize the circuit and start the stopwatch. Quickly note 
the value _of applied voltage before the delay time interval has expired. 
A red indicator on front of the delay unit should light when the relay 
contr.ol circuit is energized. 

When the relay picks up, stop the watch and note the delay time interval. 
The red indicator will continue to be lit until power is removed from the 
control circuit. 

The applied voltage and the time interval should be as specified on the 
circuit plans for that specific relay. 

e. If the time interval and applied voltage is not as specified, the applied 
voltage must be corrected and the timing procedure repeated. If the time 
interval only is not as specified, remove the sealed screw plug from the 
front of the delay unit. Using a screw driver, adjust the delay control 
and repeat the timing procedure until the required time is obtained. 

f. Install screw plug and reseal. 
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UNION SWITCH a SIGNAL m 

Troubleshooting of failures internal to relays is beyond the scope of this field 
manual. For troubleshooting procedures, which isolate failures to a particular 
relay in fimctional circuit(s), refer to the applicable system and subsystem 
manuals. 
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6.1 INTRODOC'l'ION 

SEcrION VI 
CORlECl'IVE MAINTENr\NCE 
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This section contains the data necessary for a maintainer to replace a plU:J-in 
type relay mounting base and any of the receptacle springs located at the rear 
of the mounting base. 

6. 2 IECEPJ.'ACLE SPRING REPLACEMENT 

To replace a broken or otherwise defective receptacle spring, proceed as follows 
(Figure 6-1): 

a. Insert insulated test plU:J (red stick) into terminal slot al<ng the 
bottan of the terminal to canpress the receptacle spring. The 
receptacle spr: ing may now be wi th<k awn and removed completely from the 
slot. 

b. Remove and discard defective receptacle springs from wire leads. 

c. Strip and dress wire lead to fit new receptacle spring. Using 
appropriate crimping tool, connect new receptacle spring to wire lead. 

d. Slide wired receptacle spring with lock side down into receptacle slot 
until spring em latches into place. 

6. 3 t«>UNTING BASE REPLACEMENT 

To replace a typical plU:J-in relay mounting base, proceed as follows: 

a. Remove relay fran mounting base to be replaced. 

b. Carefully .unbolt mounting base from rack panel with all wires in place 
at rear of mounting base. Set removed base aside taking care not to 
cause contact· with terminals of other relays or ground. 

c •. Mo•.,mt replacement base in positioo 01 the rack panel. 

d. UtJinQ ari·insulated test plU:J as described in paragrapi 6.2, remove 
wire1 -terminals one at a time from old mounting base, and insert into 
proper' ·locations in new mounting base. 

e •. Reinst·au applicable plug-in relay. 
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, .. 

,. 

RECEPTACLE SPRING 

MOUNTING BASE 

Figure 6-1. Receptacle Spring Installed 
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SECTION VII 
PARTS LIST 
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This section contains a replaceable parts list for the equipment that can be 
removed and replaced at the field level when an equipment malfunction is 
detected. This equipment is referred to as the subsystem's lowest replaceable 
unit (LRU), and represents the level to which subsystem troubleshooting has been 
developed. 

7.2 REPLACEABLE PARTS LIST 

The replaceable parts list for the vital relays is presented in Table 7-1, and 
represents those LRU's that are located in the equipment room. 

I The parts list table consists of three columns as follows: 

a. Column 1, NAME - type designation or functional name of LRU. 

b. Column 2, DESCRIPTION - contains specific LRU characteristic and 
specification data, such as: coil resistance, number of front and back 
contacts, resistance, capacitance, voltage, current, frequency and 
accuracy. 

c. Column 3, US&S PART NO. - US&S part number of LRU. 
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Table 7-1. Replaceable Parts List 

OS&S 
NAME DESCRIPTION PART NO. 

PN-1508 Relay 400 ohm coil, 6FB contacts, 6-lOV N322500-701 

Base Mounting base for PN-1508 relay N334266 

PN-1508 Relay 800 ohm coil, 6FB contacts N322500-702 

Base Mounting base for PN-1508 relay N334266 

PN-1508 1300 ohm coil, 6FB contacts N322500-703 

Base Mounting base for PN-1508 relay N334266 
. I" 

PN-150B 100 ohm, 6FB contacts N322500-704 

Base Mounting base for PN-150B relay N334266 

PN-1508 Relay 240 ohm coil, 6FB contacts N322500-705 

Base Mounting base for PN-1508 relay N334266 

PN-1508 Relay 40 0 ohm coil, 6FB contacts N322500-801 

Base Mounting base for PN-1508 relay N334266 

PN..:1.soa Relay 800 ohm coil, 6FB contacts N322500-802 

Base Mounting base for PN-1508 Relay N334266 

PN-!SOB Relay 1300 ohm coil, 4FB-2F-1B contacts N322500-807 

Base Mounting base for PN-1508 relay N433830 

PN-:'..SOB Relay 

I 
400 l)hm coil, 4FB-2F-1B contacts N322500-809 

Base . Mounting base for PN-1508 relay N433830 
I 

PN-l5-9a·· Relay I 400/400 ohm coil, 6F-6B contacts N436788 

BaEte I Mounting base for PN-1598 relay N436797 

I PN-lSON Relay 240 ohm coil, 6FB contacts N322502-701 

! Base Mounting base for PN-150N relay N334266 

l::"" ::·el~'!' 400/400 ohm coil, 6F-6B contacts N322500-812 

e Mounting base for PN-1508 relay N334266 
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NAME 

PN-150P Relay 

Base 

~ PP-151 Relay 

< 

~ 
Base 

't PP-151 Relay 

Base 

PP-151 Relay 

Base 

I PN-150BL Relay 

Base 

PN-150BE Relay 

Base 

PN-150BM Relay 

Base 

PN-150BM Relay 

... Base 

PN-150BM Relay 

" Base 

I PN-150HD Relay 

Base 

Table 7-1. Replaceable Parts List (Cont'd.) 

DESCRIPTION 

400 ohm coil, 4FB-1F contacts 
(f2 contact-stick) 

Mounting base for PN-150P relay 

t40 ohm coil, 4N-4R Std., 2N-2R, 
sil.-to-sil. contacts 

Mounting base for PP-151 relay 

25 Ohm Coil, 6NR contacts 

Mounting base for PP-151 relay 

400 ohm coil, 6NR LV contacts 

Mounting base for PP-151 relay 

0.18 ohm coil, 3FB contacts 

Mounting base for PN-150BL relay 

30/30 ohm coil, lFB-lF-lB contacts 

Mounting base for PN-150BE relay 

240 ohm coil, 2F magnetic blowout 
contacts, 10-16V 

Mounting base for PN-150BM relay 

240 ohm coil, 2F-2B magnetic blowout 
contacts 

Mounting base for PN-150BM relay 

240 ohm coil, 3F magnetic blowout 
contacts 

Mounting base for PN-150BM relay 

800 ohm coil, 4FB HD, 2FB std. 

Mounting base for PN-150HD relay 

UNION SWITCH & SIGNAL m 
US&S 

PART NO. 

N322508-703 

N438562 

N322516-701 

N341785 

N322507-703 

N341785 

N438007-802 

N341785 

N322510-901 

N344874 

N322513-001 

N349904 

N322517-001 

N376048 

N322524-001 

N399689 

N322525-001 

N432995 

N322505-702 

N334266 
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Table 7-1. Replaceable Parts List (Cont'd.) 

NAME 

PN-150HD Relay 

Base 

PN-250BE Relay 

Base 

PN-250BE Relay 

Base 

PN-258B Relay 

Base 

PF-256 Relay 

Base 

PF-256 Relay 

Base 

PF-256 Relay 

Base · · 

PF-256 Fnlay 

Base 

PC-250TR Relay 

Base 

PC-250TR Relay 

Base 
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DESCRIPTION 

1300 ohm coil, 2F-2B LV, 4F-4B HD 
contacts 

Mounting base for PN-150HD relay 

55 ohm series coil, 6FB contacts 

Mounting base for PN-250BE relay 

2000 ohm coil, 4FB-1F-1B contacts 

Mounting base for PN-250BE relay 

2000 ohm coil, 6FB contacts, 12 v 

Mounting base for PN-2588 relay 

87.5/87.5 ohm coil, 4NR contacts, 
8-12V, 60-72 FPM 

Mounting base for PF256 relay 

87.5/87.5 ohm coil, 4N-4R contacts, 
LV, 8-12V, 60-75 FPM 

Mounting base for PF256 relay 

87.5/87.5 ohm coil, 4NR contacts, 
8-12V, 45-55 FPM 

Mounting base for PF256 relay 

87.5/87.5 ohm coil, 4NR contacts, 
8-12V, 45-55 FPM 

Mounting base for PF256 relay 

75 code, 60 ohm coil, 
2F-2B contacts 10-12V 

Mounting base for PC-250TR relay 

120 code, 40 ohm coil, 2F-2B 
contacts 10-12V 

Mounting base for PC-250TR relay 

US&S 
PART NO. 

N322505-803 

N334266 

N322550-703 

N349769 

N322550-707 

N349769 

N322551-703 

N349769 

N322561-002 

N384243 

N322561-802 

N384243 

N322561-801 

N384243 

N322561-001 

N384243 

N322556-002 

N378609 

N322556-003 

N378609 

I' 
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NAME 

PC-250TR Relay 

Base 

PC-250TR Relay 

Base 

PC-57 Relay 

Base 

PC-250B Relay 

Base 

PC-250B Relay 

Base 

PC-250P 

Base 

PC-250P 

Base 

PC-250P 

Base 

PC-250P 

Base 

" PP-640 Relay 

Base 

PN-150SO Relay 

I Base 

Table 7-1. Replaceable Parts List (Cont'd.) 

DESCRIPTION 

180 code, 60 ohm coil, 2F-2B 
contacts 10-12V 

Mounting base for PC-250TR relay 

75 code, 90 ohm coil, 2F-2B 
contacts, 16V 

Mounting base for PC-250TR relay 

240 code, lFB contacts, 16V 

Mounting base for PC-57 relay 

135 ohm coil, 4 FB HV contacts 

Mounting base for PC-250B relay 

360 ohm coil, 4F-4B LV contacts 

Mounting base for PC-250B relay 

180/180 ohm coil, 4N-4R HV contacts 

Mounting base for PC-250P relay 

180/180 ohm coil, 4N-4R LV contacts 

Mounting base for PC-250P relay 

20/20 ohm coil, 2NHV, 2RLV, 2NRLV 
contacts 

Mounting base for PC-250P relay 

20/20 ohm coil, lNHV, lRLV, 3NRLV 
contacts 

Mounting base for PC-250P relay 

lF-lB contact, 16V 

Mounting base for PP-640 relay 

lB-1 continuity stick contact 

Mounting base for PN-15050 relay 

UNION SWITCH & SIGNAL m 

US&S 
PART NO. 

N322556-001 

N378609 

N322556-818 

N378609 

N232133-001 

N276071 

N322559-004 

N382814 

N322559-802 

N382814 

N322559-012 

N382816 

N322559-013 

N382816 

N322559-014 

N382816 

N322559-018 

N382816 

N287457-001 

N347970 

N322512-001 

N372344 
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Table 7-1. Replaceable Parts List (Cont'd.) 

US&S 
NAME DESCRIPTION PART NO. 

PN-150BSR Relay 100 ohm coil, 6FB contacts lOV N322503-701 

Base Mounting base for PN-150BSR relay N334266 

PN-150BSR Relay 250 ohm coil, 6FB contacts 12-16V N322503-702 

Base Mounting base for PN-150BSR relay N334266 

PN-150BSR 250 ohm coil, 6FB contacts N322503-802 

Base Mounting base for PN-150BSR relay N334266 

PN-150BSR Relay 250 ohm coil, 4FB-2F-1B contacts N322503-804 

Base Mounting base for PN-150BSR relay N433830 

PN-150BH Relay 400 ohm coil, lFB-lF-lB cont~cts N322511-006 

Base Mounting base for PN-150BH relay N349904 

PN-150BD Relay 100 ohm coil, 3FB-N, 3FB-R contacts N322504-702 

Base Mounting base for PN-150BD relay N335727 

PN-150BD Relay 800 ohm coil, 3FB-N, 3FB-R contacts N322504-703 

Base Mounting base for PN-150BD relay N335727 

PN-150BD Relay 800 ohm coil, 3FB-N, 3FB-R contacts N322504-803 

Base Mounting base for PN-15080 relay N335727 

PN-15250 Relay lF-lC contacts N322522-802 

Base Mounting base for PN-152SO relay N398314 

PN-250B Relay 1000 ohm coil, 8FB-4F-2B contacts N322554-702 

Base Mounting base for PN-2508 relay N434650 

PN-2508 Relay 1000 ohm coil, 8FB-4F-2B contacts N322554-802 

Base Mounting base for PN-2508 relay N434650 
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NAME 

PN-259BSR Relay 

Base 

PT-55 Relay 

Base 

PT-55 Relay 

Base 

PT-55 Relay 

Base 

PT-55 Relay 

Base 

PV-250 Relay 

Base 

PV-250 Relay 

Base 

PV-250 Relay 

Base 

PV-250 Relay 

Base 

PN-150BTR Relay 

Base 

Table 7-1. Replaceable Parts List (Cont'd.) 

DESCRIPTION 

225 ohm coil, 6FB contacts, 12V, 
2.75 to 3.5 sec. D.A. time 

Mounting base for PN-259BSR relay 

lOV, l to 11 min., 2F time, 18 
check contacts. For 75 code 

Mounting base for PT-55 relay 

12.ov, 0.5 to 6 min., 2F-2B 
contacts, for 75 code 

Mounting base for PT-55 relay 

3F-1CB contacts, 2.5 to 25 sec., 
for 240 code, 16V 

Mounting base for PT-55 relay 

3F-1CB contacts, 10-120 sec., 
for 240 code, 16V 

Mounting base for PT-55 relay 

llSV, 50/60 Hz, 6F-4B contacts 

Mounting base for PV-250 relay 

ll5V, 60 Hz, 2F-2B Ind. contacts 

Mounting base for PV-250 relay 

115V, 60 Hz, 6F-4B contacts 

Mounting base for PV-250 relay 

llSV, 60 Hz, 2F-2B contacts 

Mounting base for PV-250 relay 

1 ohm coil, 6FB contacts 

Mounting base for PN-150BTR relay 

UNION SWITCH & SIGNAL m 
US&S 

PART NO. 

N322552-702 

N349769 

N265422 

N265429 

N232138 

N292714 

N233133-001 

N347968 

N279987-001 

N347969 

N322555-801 

N376442 

N342555-803 

N386458 

N322555-805 

N376442 

N342555-914 

N386458 

N322501-701 

N334266 
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PN-150BTR Relay 

Base 

PN-150BTR Relay 

Base 

PT-150 Relay 

Base 

PT-150 Relay 

Base 

PN-150T Relay 

Base 

PN-150T Relay 

Base 

PN-150T Relay 

Base 

PN-259SRA Relay 

Base. 

contact 
Receptacle 

contact 
Receptacle 

contact 
Receptacle 

Contact 
Receptacle 

contact 
Receptacle 
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Table 7-1. Replaceable Parts List (Cont'd.) 

DESCRIPTION 

4 ohm coil, 6FB contacts 

Mounting base for PN-150BTR relay 

13 ohm coil, 6FB contacts 

Mounting base for PN-150BTR relay 

lOV, 10-40 Sec. 

Mounting base for PT-150 Relay 

12V, 5-12 Sec. 

Mounting base for PT-150 Relay 

12V, 3-30 Sec. 

Mounting base for PN-150T Relay 

12V, 0.5-5 Min. 

Mounting base for PN-150T Relay 

lOV, 1-10 Min. 

Mounting base for PN-150T Relay 

225 ohm coil, 4FB HD Slow Drop-Away 

Mounting base for PN-259SRA Relay 

Solderless, 110-112 Wire 
For Old Style Mounting Base 

Solderless, 114-116 Wire 
For Old Style Mounting Base 

Solderless, 118-#20 Wire 
For Old style Mounting Base 

Solderless 

Solderless 

US&S 
PART NO. 

N322501-702 

N334266 

N322501-705 

N334266 

N322518-003 

N376439 

N322518-005 

N376439 

N322523-302 

N399506 

N322523-305 

N399506 

N322523-307 

N399506 

N322562-001 

N349769 

J680181 

J680165 

J680179 

N302302 

N287691 



r 

v 

NAME 

Base (New) 

Base (New) 

Base (New) 

Contact 
Receptacle 

Contact 
Receptacle 

Contact 
Receptacle 

Table 7-1. Replaceable Parts List (Cont'd.) 

DESCRIPTION 

New Mounting Base for PN-150 Relays 
With Hardware 

New Mounting Base for PN-250 Relays 
With Hardware (Latch Facing Right) 

New Mounting Base for PN-250 Relays 
With Hardware (Latch Facing Left) 

Solderless, 110-112 Wire 
For New Mounting Base 

Solderless, 114-116 Wire 
For New Mounting Base 

Solderless, 118-120 Wire 
For New Mounting Base 

UNION SWITCH & SIGNAL m 

US&S 
PART NO. 

M451376-0302 

M438689-001 

M438689-003 

M451142-2703 

M451142-2702 

M451142-2701 
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