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UNION SWITCH & SIGNAL 

ADJUSTMENTS AND TEST OF A.C. RELAYS 

GENERAL 

This Instruction Pamphlet combines in an abbreviated form the service 
specifications for most Union A.c. relays and gives ·all the information 
necessary for the mechanical adjustment and testing of such relays. It also 
contains a list of apparatus which will be found useful in adjusting and testing 
relays. 

For further information see Chapter X of nAmerican Railway Signaling 
Principles and Practices•, published by the Signal Section, A.A.R. 

In general, all contacts on A.C. relays, except middle contacts, should be 
adjusted to an initial pressure of 0.4 oz.,: that is, referring to Figure 1, a 
weight of O. 4 oz. at "W" should be necessary to barely move the flexible 
phosphor-bronze spring "F" away from the brass supporting piece •s•. An 
exception to the general rule is the TV-40 relay, the contacts of which are 
adjusted to 0.45 oz. initial pressure. If the tension is less than 0.4 oz. (or 
o. 45 oz. for ''t'he TV-40 relay), it can be increased by inserting an "L" shaped 
tool, "T• shown in dotted lines between the flexible contact finger and 
insulating stud, and then pressing down on the end of the tool. This tool may 
be made from 1/16 in. x 1/4 in. phosphor-bronze strip. Middle contacts should 
have an initial pressure of 0.2 oz. The weights to be used in measuring initial 
pressures are shown in Figure 2. A force 0.1 oz. less than the specified 
initial pressure should not pull the spring away from its stop. 

-T 

Figure 1. Diagram of Contact Spring 
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Figure 2. Weight For A.C. Relay Contact Springs 

Piece No. Weight Dwg. Ref. 

173052 • 2 Oz. 9672-207 
173053 • 3 Oz. 9672-207 
173054 • 4 Oz. 9672-207 
173055 • 45 Oz. 9672-207 
173056 • 50 Oz. 9672-207 

Examine the contact spring tips and fixed contacts for wear. Carbon 
buttons should be dressed but not closer than 1/32 inch to the cups holding the 
carbon. If less clearance is present, the contact must be replaced. 

In vane ~y.pe relays the vane should revolve truly on its axis, and in all 
positions of the vane there should be a uniform clearance between each side of 
the vane and the pole faces. 

The end play of the armature shafts and contact spring brackets on 
porcelain top plates should be 1/64 inch, or these parts may bind when in 
service due to the slight expansion caused by heating. With bakelite top 
plates, conta.ct spring brackets should have O. 030 to O. 035 inch end play. 

The air gap should be free from dirt or other foreign particles. The vane 
should be inspected to see that it has not been injured in any way from 
over-energization or otherwise, which da~age might later result in causing the 
vane to touch the pole faces. If the vane is damaged it should be replaced with 
a new one. Particular attention should be given to see that the pivots and 
jewel or trunnion screws are not scratched, worn, or cracked. 

If the relay cores are removed from their original position for any reason, 
the air gap should be checked to see that it is correct and that the pole faces 
are parallel. The air gap dimensions given hereafter are without pole face 
treatment, and the thickness of this coating must be allowed for when present. 

In adjusting and testing A.C. relays, the following should be borne in 
mind. The stroke of the vane refers to its travel from just touching the one 
stop roller to just touching the other roller. Pick-up of the relay is when the 
front contacts just make: release is when the front contacts just break, and is 
usually expressed as a percentage of pick-up. Percentage release, as referred 
to hereafter, is the minimum allowable expressed as a percentage of measured 
pick-up which we would expect for repaired relays. "Normal" for a track relay 
is with 1/32 in. energized contact compression. "Full Stroke" is with the 
armature touching its stop. "Normal" and "Full Stroke" are the same for 1/4 in. 
vane crank Model 15 relays. Additional contact pressure is provided at full 
stroke for Model 15·, 2 or 3 position relays with a 1/2 inch vane crank. For a 
line relay, "Normal" refers to the nominal line voltage. 

5036, p. 2 



MODEL 15 RELAYS 
Single Element SV-12 Relays 
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The stroke of the vane of Model 15 two-element relays is 47 degrees divided 
approximately into 25 degrees down from the horizontal and 22 degrees up from 
the horizontal, with an allowable variation of 1/2 degree either way. The slots 
in the vane are 10 degrees apart. The stroke of t~e vane of single element 
relays (SV-12) is 46 degrees with the crank horizontal in the deenergized 
position. 

For Model 15 two-position relays the front contacts should be open .5/32 in. 
for 1/2 in. vane crank relays and 1/16 in. for 1/4 in. vane crank relays, with 
the vane just touching the lower roller stop. With the front contacts just 
making, the back contacts of 1/2 in. vane crank relays should be open 1/8 in., 
and for 1/4 in. vane crank relays the back contacts should be open 1/32 in. 
This adjustment gives 1/32 in. compression of the back contacts with the relay 
in the de-energized position. 

For the Model 15 three-position relay the openings of the normal and 
reverse contacts should be 1/16 in. when the relay is in its de-energized 
position and the middle contacts should be open 1/64 in. when the normal or 
reverse contacts are just closed. Buffer contacts should be open 1/64 in. with 
the relay in its de-energized position. 

Single-element line relays should be tested as in Figure 11 or 12, and 
single-element track relays can be tested as in Figure 13 or 14. Two-element 
line relays should be tested from a single-phase source, in accordance with 
Figure 15 or 16. A 90-ohm slide resistor should be used. Non-condenser track 
relays can be tested from a single-phase source, in accordance with Figure 17, 
18, 19 or 20. Relays having condensers in their track elements can usually be 
tested in accordance with Figure 21 or 22. This latter test requires a reactive 
testing transformer and operating values thus obtained are generally 10% or 15% 
higher than the calibration marked on the tag. The release value of a 
three-position relay should be not less than 75% of its pick-up value, and the 
release of a two-position relay should be not less than 85% of its pick-up 
value. Single element relays should release on not less than 90% of pick-up. 

If the relay will not operate on values near those marked on its tag, 
either the windings may have been damaged or the condensers may be either 
short-circuited or open-circuited. The condensers should be tested individually 
by connecting them one at a time with a 25-watt, 110-volt tungsten lamp in 
series across a 110-volt, 60-cycle line. If the lamp lights up, it will 
indicate that the condenser is short-circuited and should be replaced. If the 
lamp remains dark, the condenser is either good or open. Disconnect the 
110-volt line and touch the leads of the GOndenser together. If a spark 
results, the condenser is in good condition. If, after several tests, no spark 
results, the condenser should be replaced. 

If a relay fails to release on the proper percentage of its pick-up value, 
excessive friction is indicated in its moving parts, and the relay should be 
carefully gone over to determine and remove the cause of this friction. 
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Model 15 condenser relays which have had the cores moved for any reason 
must be magne.tically blanced before they can be tested for operating values. 
The following test, which is to be made only on condenser relays; should be made 
with the vane and cores assembled to the mechanism bracket before assembling in 
the relay case. The one or more condensers called for should be connected to 
the secondary leads of the track coils, the primary leads.of these coils being 
on open circuit. 

Balance the vane in the middle position with the nuts on the vane stud. 
Apply normal voltage and frequency to the local winding.and note the presence of 
any torque on the vane shaft with the vane in the middle position. If any 
torque is present and in excess of 10 inch grains, an unbalanced magnetic 
circuit is indicated which must be corrected by the use of spacers, Figure 3, as 
called for in the following table: 

, ' 

Torque on Vane Shaft 

10 to 20 inch grains 
20 to 30 inch grains 
30 to 40 inch grains 

Number of Spacers 

1 
2 
3 

Pee. 70857 
Dwg. 7828-326 

I~~ _____ ........... 0 11 

Figure 3 

If the torque is upwards, the spacers should be inserted between the local 
cores and the top supporting bracket; if the torque is downwards, they should be 
inserted between the cores and the mechanism bracket. After the proper number 
of spacers are in place, it should be noted that torque on the vane shaft is not 
in excess of 10 inch grains when the local element only is energized. 

The air gap should be between 0.090 and 0.095 in. for two-element relays, 
and between 0.080 and 0.083 in. for single element relays. 
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SLV-13 RELAYS 

The stroke of the vane of SLV-13 relays is 55 degrees with an allowable 
variation of 1 degree. The vane crank is horizontal in the deenergized position. 

The SLV-13 line relays, the front contact opening should be 0.050 in., and 
the back contact compression should be 0.025 in., _when the vane just touches the 
lower roller stop. With the front contacts just closed, the back contacts 
should be open 0.025 in. 

For SLV-13 track relays, the front contact opening should be 1/16 in. with 
the vane just touching the lower roller stop and the back contacts should be 
compressed 1/32 in. With the front contacts just closed, the back contacts 
should be open 1/32 in • 

. SLV-13 line relays should be tested in accordance with Figure 11 or 12. 
Track relays should be tested as in Figure 13 or 14. A 90-ohm slide resistor 
can be used in all tests. · For both line and track relays, the release value 
should be not less than 90% of the pick-up value. The air gap of all SLV-13 
relays shouldl:>e between 0.080 and 0.083 in. 

SV-20, 21, 30, 31, 32 AND 33 RELAYS 

For SV-20 and SV-21 relays all adhering particles should be removed from 
the magnets of the time element device before being reassembled in the relay. 

A torque of 8 in. ounces minimum to 10 in. ounces maximum on the vane shaft 
should cause the pinion clutch to slip·when the segment is held against either 
the upper or lower stop. However, there should be no tendency for the vane to 
slip the clutch with 125% of normal voltage. The torque on the segment shaft, 
with the counterweight horizontal, should be 7.2 inch-ounces. 

The front contacts should be adjusted so that there is from 3/64 in. to 
1/16 in. compression when the gear segment is against the front stop and the 
time element device has finished its travel. When the front contacts are just 
making, the back contacts should be open 1/16 in. The counterweight on the 
contact spring bar should be adjusted so that a torque of 7 inch-ounces is 
available for compressing the back contacts. The back contacts must have at 
least 1/32 inch compression. 

On relays with 2 silver to silver and 4 graphite to graphite contacts, the 
silver to silver contacts should be adjusted so that when the front graphite to 
graphite contacts are just making, the front silver to silver contacts are open 
1/32 in. and when the back graphite to graphite contacts are just making, the 
back silver to silver contacts are open 1/32 in. 

The front graphite to 
1/16 in. compression when 
time element device has 
graphite contacts are just 
be open 0.050 in. 

graphite contacts should be adjusted so that there is 
the gear segment is against the front stop and the 
finished its travel. When the front graphite to 
making, the back graphite to graphite contacts should 
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The counterweight on the contact bar should be increased if necessary so 
that the back graphite to graphite contacts have at least 0.055 in. compression 
with the relay in the deenergized position. 

The checking contact should have not less than 1/32 in. nor more than 3/64 
in. compression when closed. This compression should be obtainable at any time 
setting of the relay. With the relay energized, this contact opening should be 
O. 050 in. There should be sufficient pressure in the member to which the 
graphite post is riveted, to hold this member firmly against its stop with the 
relay energized, but the pressure should not be great enough to keep the segment 
from touching its deenergized stop at any time setting within the range of the 
relay. Note that the stranded connectors leading from the insulating studs on 
the sector shaft are sufficiently long to allow free movement of the sector 
throughout its stroke. In normal operation the checking contact may be 
permitted to bounce open once upon release from the energized position. 

The SV-21 relay is equipped with an adjustable magnetic shunt on the 
damping magnets by which the time range of the relay may be varied. With the 
shunt held away from the magnets in its lowest position, the time range will be 
as marked on ~t:he dial. By breaking the seal on the bottom of the relay, and 
turning the screw counterclockwise, the shunt will be raised until it is brought 
in contact with the magnets, in which position the time element adjustments of 
the relay will be approximately 1/2 of the value marked on the dial. 

Since the latter part of 1947 these relays have had thermal magnetic shunts 
applied to the retarding magnets to compensate for changes due to temperature. 
These shunts must fit flat against the magnets. 

For SV-30 and SV-32 relays, with O. 4 and O. 5 second interval, when the 
segment touches the bottom stop the back contacts should be compressed 1/16 in. 
and the front contacts should be open 3/32 in. With 0.75 second interval, the 
back contacts should be compressed 1/32 in. and the front contacts should be 
open 1/16 in. For all SV-30 and SV-32 relays, the back contacts should be open 
1/32 in. with the front contacts just closed. 

For 0.8 second SV-33 slow pick-up relays when the segment is in its extreme 
energized position (with the stop roller held up) the front contacts should be 
compressed 1/32 in. and the back contacts should be open 1/16 in. With the back 
contacts just making, the front contacts should be open 1/32 in. 

The segment stops of the SV-30 and SV-32 relays were changed in 1930 from 
the rigid to the roller type. It is recommended that any relay not equipped 
with roller stops be so equipped when being shopped. 

The time interval for the SV-30 and SV-32 relays is the maximum length of 
time the control circuit can be opened at recommended working voltage and again 
closed without allowing the front contacts to open. For the SV-33 relay, the 
time interval is the minimum time for the back contacts to open after power has 
been applied at normal voltage. 
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For SV-31 relays the front contacts should be open O. 015 in. and the back 

contacts should be open O. 005 in. with the segment at mid-stroke. With the 
front contacts just making, the back contacts should be open 0.020 in. 

With the relay deenergized, the control contact should be compressed 1/32 
in. When the relay is in the Full Stroke position, the control contact should 
be open 1/16 in. and the control contact operating arm should not touch the 
control contact spring. 

SV-20, 21, 30, 31, 32 and 33 relays should be tested in accordance with 
Figure 11 or 12. In the case of the SV-20, 21 and 31 relays, we are more 
interested in operation at a minimum voltage, approximately 90% of normal line 
voltage, than the pick-up value. The SV-20 and 21 relays should release on not 
less than 30% of normal. A better criterion of the need for shopping is 
sluggish action, particularly increased or erratic timing. The SV-30 and 32 
relays should release on not less than 75% of pick-up, and the SV-33 on not less 
than 65% of pick-up. 

The air gap of SV-20, 21, 30, 31, 32 and 33 relays should be between 0.090 
and O. 093 in. ~ · 
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TV-30 RELAYS 

On TV-30 relays it should be noted that there is a clearance of at least 
1/8 in. between any part of the local strap winding and the vane. 

With the 3-position TV-30 relay in its deenergized pos·ition, the normal and 
reverse contacts should be open· 1/16 in. With the normal or reverse contacts 
just making, the deenergized contacts on that side should be open 1/32 in. 

Two-position relays should have the front contacts open 5/64 in. in the 
deenergized position, while the back contacts should be open 1/32 in. with the 
front contacts just making. A compression of 1/32 in. is thus obtained on the 
deenergized contacts of 3-position relays, and 3/64 in. on the back contacts of 
2-position relays. 

TV-30 track relays should be tested for magnetic balance, if the core is 
moved for any reason. To do this, the relay should be set up as indicated in 
Figure 4 and tested for impedance variation by reading the voltage across the 
track winding with the normal relay current. Pole change the relay and again 
read the volt.age, adjusting the current to the same value as before. If the 
voltages are the same or the smaller is within 5% of the larger, the relay is 
satisfactory. The local should be energized during this test at the rated 
voltage and frequency. 

When relays are torn down to put in new coils and the same iron is used for 
the core, there should be little impedance variation after reassembly if care is 
taken to have the core returned to the original case and to have it lined up 
properly. The air gap should then be checked to see that it is between O. 090 
and 0.095 in. 

If it is necessary to put new iron·in the relay, it will most likely have a 
variation greater than the allowable limit. It should then be noted in which 
direction the vane tends to revolve with the highest voltage reading. 

Referring to Figure 5, if the voltage is greater with counterclockwise 
rotation of the vane, then the vane should be removed and the core filed on side 
"A"; if the voltage is higher with clockwise rotation of the vane, the core 
should be filed on side "B". In no case should both sides be filed. 

AC. MAINS 

REACTIVE 
TESTING ----noOV1100f'\ 
TRANSFORMER 

See Note on Page 21. 
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For this purpose a 1/4 in. square file is most useful. The cut should be 
V-shaped and ~niform- on either side of the air gap. Care should be taken to 
file uniformly from top to bottom of the core so that the local-torque will not 
be increased. The above process should be repeated, taking small cuts, until 
the voltage variation is within the 5% limit. Filing should not be to a greater 
depth than 1/16 in. as indicated in Figure 5. 

After the impedance balance has been obtained as above for track relays, 
the torque due to the local alone should be measured with the track winding both 
open-and-short-circuited. The local torque under these conditions should not 
exceed 10 inch-grains. For this purpose as well as for the impedance 
variation test - a vane, Figure 6, which is mechanically balanced in all 
positions and without vane stops is very useful. Jewelled trunnion screws 
should be used- with the balance vane. 

Line or indication relays should also be checked for local torque, and if 
present in excess of 10 inch grains, its effect may be eliminated by increasing 
the counterweight on the side having the lower pick-up value until both sides 
pick up on the same voltage. 

A torque of 10 inch grains is obtained by clamping a small piece of copper 
weighing 0.2 gram on the edge of the balanced vane. The local torque should not 
be sufficient to turn the vane so that the copper weight is above the level of 
the vane shaft. 

TV-30 line relays should be tested for operating values in accordance with 
Figure 15 or -16, using a 90-ohm slide resistor and the necessary fixed resistors 
and reactors. Track relays should be tested as in Figure 21 or 22, which 
requires a reactive testing transformer. Operating values obtained by this 
latter test will be about 15% higher than the values marked on the tags, due to 
phase relations not being in quadrature.- The release values of the relay should 
not be less than 75% of the pick-up values of either two or three-position 
relays. 
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TV-40 RELAYS 

All contacts should be adjusted to have initial pressures- of from O. 4 to 
0.45 oz. The deenergized contacts should have 5/64 in. opening with the relay 
in its full stroke position and 1/32 in. compression with the relay in its 
deenergize position. The energized contacts should have 1/16 in. opening with 
the relay in its deenergized position. 

The buffer should be so adjusted that the bakelite cam on the vane shaft 
when just touching the buffer, allows the energized contacts of the relay to 
open not less than 1/64 in. 

After assembling the magnetic circuit, the relay should be checked to see 
that the local torque does not exceed 10 inch-grains. A balanced vane Figure 6 
using jewel screws is very useful. A phosphor bronze clip weighing o. 20 gram 
should be clamped to the edge of the vane at a level lower than the shaft. With 
normal voltage and frequency applied to the local element, there should not be 
sufficient torque to lift the weight above the level of the shaft, with the 
control winding either open-or short-circuited. The relay case should be tapped 
lightly during' the test. If the torque exceeds 10 inch-grains, loosen screws 
9 A", Figure 7, and move the laminated structure to one side or the other until 
the excessive torque is eliminated. Then tighten screws, remove vane, and check 
air gap, which should be 0.090 in. to 0.093 in. and parallel throughout. When 
the local torque has been eliminated, the laminated structure should be dowelled 
in place. Check again with the balanced vane to see that the local torque does 
not exceed 10 inch-grains. 

TV-40 relays should be tested in accordance with Figure 15 or 16. The 
adjustable resistor should be a 90-ohm slide resistor. The external phase 
shifting device to be used may be a 1060-ohm resistor or the proper indication 
transformer. This test should give within 5% the values marked on the relay 
tag. The release value should be not less than 65% of the pick-up value. 

DOWEL 

CONTROL 

SCREWS"A" 

Figure 7 
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CENTRIFUGAL FREQUENCY RELAYS 

:r 'l 

Centrifugal Frequency Relays 

Centrifugal relays in service should be oiled every two weeks, using about 
30 drops of Union Spec. 1093 oil, Catalog Plate P-8000. If the relays become 
sluggish or do not meet the required operating values when tested, they should 
be cleaned and oiled as outlined below. 

To clean, remove the cover from the bottom of the relay to allow the carbon 
tetrachloride which is used for cleaning· to flow out. With the rotor 
stationary, pour about 30 drops of the cleaning fluid into the oil cup. 
Energize the relay and allow it to spin for approximately 3 minutes. Repeat 3 
or 4 times and allow the rotor to spin 10 or 15 minutes after the last 
application. 

Replace the cover and, with the rotor stationary, put 30 drops of Spec. 
1093 oil into the oil cup. Allow the rotor to spin several minutes and then 
repeat the oil application. It is not necessary to remove the relay from 
service. 

When it is necessary to shop the relay, the bearings should be thoroughly 
cleaned of dirt and grease with clean benzine or carbon tetrachloride. The 
bearings should be handled as little as possible and should be protected from 
dirt at all times. Do not use an air line to blow out the bearings, as water 
and dirt are almost invariably present. When the relay has been reassembled, it 
should be given two oilings of Spec. 1093 oil as outlined above. 

The end play of the contact bar should be 1/64 in. The end play of the 
rotor shaft should be not more than 1/64 in., and the rotor should rotate 
without excessive friction in the bearings. 

The back stop of the relay must be adjusted so that the outer edges of the 
centrifuge arms are 1-1/16 in. from the surface of the rotor hub. 
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The front contacts should be open 3/32 in. with the back stop adjusted as 
above. The back contacts should be open 1/16 in. with the front contacts just 
making. This gives the back contacts 1/32 in. compression. -The front stop 
should then be adjusted to give 1/32 in. compression of the front contacts. 

In replacing the top plate on a centrifugal relay, it. is necessary to have 
the hole in the operating arm located as closely.as possible on the center line 
of the rotor to reduce wobbling to- a minimum. Adjustment is made by shifting 
the top plate and by shifting the contact spring support in its bearings a 
slight amount. A snug fit is permitted between the p{n and the operating arm. 
The jaw must slide freely on the pin. It must not be closed so as to clamp the 
operating arm. Washers Pc. 230939 can be furnished to use on either side of the 
operating arm to reduce the side play within the jaw. 

The counterweight should be so adjusted that no combination of currents in 
the two windings of the relay of a frequency 3 cycles greater than that of the 
propulsion current, for which the relay is made to operate, will give the rotor 
sufficient speed to keep the front contacts closed after they have been 
previously closed by hand. When adjusting for immunity to propulsion current, 
except for Spec. 911 relays, any condensers should be short circuited. 

The ratchet stop should be so adjusted that the ratchet pawl will disengage 
the rotor before pickup of the front contacts occurs. With the rotor at rest, 
the engagement of the arm on the rotor with the ratchet pawl must not be less 
than 3/64 in. The ratchet pawl return spring must always have enough tension to 
hold the pawl against its stop. Since too much tension will increase the 
electrical pick-up of the relay, the following test must be made: With the 
relay connected as for the operation test, each of the rotor arms in turn must 
be stopped by hand so as to engage with the ratchet pawl and the track current 
increased slowly from zero until the rotor starts to move. This current should 
be less than 50% of pick-up. 

Single element centrifugal frequency relays may be tested per Figure 13 or 
14. Two-element relays may be tested as indicated in the following table. The 
test values are higher than those on the calibration tag of the relay because 
phase angles are not ideal. 
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Test Values 
Type of Not To Be 
Phase- More Than% 
Shifting Test Per of Orig. Release % 
Device Specs. Fig. No. Marking Of P.O. 

Local Track Pick-Up Normal 

!Resistor None 823, 895 21 or 22 120 125 85 
1119, 1180 
1277, 1318 
1336, 1405 
1774 

None None 869 17,18, 
19 or 20 115 115 85 

None Tfansf. 911,1880 17, 18, 
& Cond. 2150,2197 19 or 20 105 105 85 

Reactor None 1300,1369 17,18, 
19 or 20 105 105 85 

Condenser Transf. 
& Resist. & Cond. 1615 21 or 22 120 125 85 

Condenser Transf. 
& Cond. 1615A 21 or 22 105 105 85 

Condenser Transf. 17,18, 
& Cond. 1615B 19 or 20 110 110 85 
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SINGLE ELEMENT VANE FREQUENCY RELAYS 

For both line and track relays the front contacts should -close when the 
vane is in the mid-stroke position. However, when slow release operation of 
line relays is desired, the front contacts should be adjusted to close when the 
vane is at 1-3 stroke. The back contacts should be open 1/64 in. when the front 
contacts are just closed. 

Operating Immunity Air Gap At Air Gap At 
Spec. Frequency Frequency Flanged End At Opposite End 

73 60 25 to 27 0.078° 0.087° 
73 50 15 to 17 0.078° 0.087" 
73 42 15 to 17 0.078n 0.087° 
73 100 25 to 27 0.078° 0.087° 

268 60 25 0.078° 0.087n 

A track relay should be tested for immunity with both current at the 
frequency to which the relay is to be immune and current at the operating 
frequency impressed on it at the same time. Immunity tests should be made in 
accordance with Figure 23 for track relays, as follows: 

With five amperes at the immunity frequency, the relay should have a slight 
reverse torque. This can easily be determined by bringing the vane nearly to 
the pick-up point with current at the operating frequency, and then impressing 
the five amperes at the immunity frequency across the terminals of the relay. 
The relay should have no tendency to pick up on ten amperes at the immunity 
frequency only. These tests should be m~de with the relay cold. 

When testing for operating values, a track relay should first be energized 
for 1-1/2 hours at ten amperes at the operating frequency with the glass cover 
in place, and at the end of this time the relay should be examined to see that 
there is enough end play in the armature to prevent it from binding. It should 
be tested for operating values while still hot, in accordance with Figure 13 or 
14. The operating values thus obtained should be within 5% of the values marked 
on the relay tag. 

Line relays should be given the following immunity test: 

The relay should be tested on 150 volts at the immunity frequency when cold 
and note that there is either zero or negative torque at any part of the stroke 
of the vane; note especially that the vane in the Full Stroke position, there is 
no tendency for the vane to be held in this position when the relay is suddenly 
energized at 100, 150 and 200 volts at the immunity frequency. The armature 
should be moved by hand for this test. This test should be done rapidly so that 
the relay will not heat up while the test is being made. 
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When testing for operating values, the relay should first be energized at 
110 volts at .the operating frequency for 45 minutes, with the glass cover in 
place. At the end of this test the relay should be examined while still hot to 
see that there is sufficient end play in the armature to prev~nt it from 
binding. It should then be tested while still hot for operating· values in 
accordance with Figure 11 or 12. The operating values thus obtained should be 
within 5% of the values marked on.the relay tag. 

The release value of either line or track relay should be not less than 80% 
of pick-up • 

5036, p. 16 



... 

UNION SWITCH & SIGNAL 

ANL-2 Relay ANL-10 or ANL-11 Relay 

ANL RELAYS 

For ANL-2 relays there should be 0.025 in. air gap between the pole faces 
and the ends of the armature. An end play of 1/64 in. is required in the 
armature and contact bracket, and there should be no excessive friction in the 
armature or contact bracket bearings or in the operating link. The link should 
have at least 1/64 in. end play on the armature driving pin. 

The front and back contacts should be adjusted to have O. 2 oz. initial 
tension. There should be 1/32 in. compression of front contacts at normal 
current and 1/32 in. compression of back contacts when the relay is deenergized. 

The back contacts should be open 1/32 in. when the front contacts ~re just 
making. 

The back stop for the armature should be adjusted so that the end of the 
armature extends not more than 1/32 in. into the field when the relay is 
deenergized. The front contacts should be open 1/16 in. in this position. 

The front stop should be adjusted to stop the armature at the horizontal 
position, and it should be noted that the counterweight does not strike the back 
contact post in picking up. 

ANL-10 and ANL-15 transformer relays, with normal voltages applied to the 
primary winding, should operate quietly. A slight humming noise is permissible, 
but if noticeable chattering exists, it is an indication that the armature does 
not seat squarely upon the pole faces. The high points should be determined and 
removed by filing, care being exercised to remove but a small amount of material 
in order not to decrease the 0.010 in. parallel air gap too much. 

There should be 1/64 in. vertical clearance between the armature slot and 
bearing pin to prevent binding of the armature in the energized position. 

The armature stroke should be approximately 1/4 in. measured at the 
1eft-hand ferrule. 
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The contact compression should be 3/32 in. at the. front. contacts and 1/32 
in. at the ba9k contacts, with a back contact opening of approximately 5/32 in. 
when the relay is energized. 

When replacing coils on relays, care should be used in removing the core so 
that the core iron will not become distorted or twisted. The core and armature 
should be returned to the same relay with which it was furnished, in order that 
extra labor in fitting and adjusting will not be required. 

The ANL-11 relay is similar to the ANL-10 except that it has no secondary 
winding. It also has special contacts, and is used as a power transfer relay 
where heavy currents must be handled. These special contacts consist of low 
voltage silver-to-silver contacts for carrying the heavy current, and silver 
impregnated graphite to silver impregnated graphite contacts for breaking the 
arc. A silver and a silver impregnated graphite contact are connected in 
multiple. 

The low voltage contacts should have 1/32 in. compression both in the up 
and down position of the armature. The high voltage contacts should make 1/32 
in. ahead of the low voltage contacts, both front and back. With the front high 
voltage contacts just making, the back high voltage contacts should be open 
about 1/16 in. 

The mechanical adjustments, other than those of the contacts, of the ANL-11 
relay are the same as those of the ANL-10 and ANL-15 relays. 

For ANL-20 and ANL-21 relays the air gap surfaces of armatures and cores 
should be parallel and should allow a 0.006 in. leaf gauge to pass freely in the 
air gap. The armature should be properly aligned with respect to the core so as 
to eliminate any thrust in the horizontal plane which may cause chatter. It 
should be carefully noticed that the armature seats firmly on the core without 
rocking, as even a small amount of rocking will cause pronounced chatter. The 
slot in the armature should be of sufficient depth to insure that the armature 
clears the bearing pin when energized, but the clearance should not be more than 
1/64 in. in order that the pick-up will not be too high. The armature end play 
with the door in place should not be more than 1/32 in. 

The contact adjustment for these two types of relays, however, is 
different. For ANL-20 relays, the front contact compression should be 1/16 in. 
The energized back contact opening should be 1/8 in. The back contact 
compression should be 1/32 in. With the relay deenergized, the armature air gap 
should be approximately 1/8 in. at the left hand ferrule. 

For ANL-21 relays, the initial pressure should be • 4 oz. and • 6 oz. per 
contact for the front and back contacts respectively. Both front and back 
contacts should be compressed 1/32 in. when fully closed. When the relay is 
energized the back contact opening should be 1/16 in. 

The ANL-40 transformer relay armature should have an air gap of • 005 to 
.007 inch. The armature end play should be 1/64 in. With the relay energized, 
the front contact slide shall be 1/64 in., and the back contact opening shall be 
3/64 in. With. the relay deenergized, the back contact slide shall be 1/32 in., 
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and the front contact opening shall be approximately 3/32 in •. The armature stop 
shall be so adjusted that there is 1/64 in. clearance between the armature and 
the stop with the relay deenergized. 

All ANL relays may be tested in accordance with Figure 11 or 12. The test 
voltage should be approximately the voltage marked on ·the relay tag. In 
general, a resistor similar to Pc·e. 65525, Figure. 9, should be used for 110 volt 
relays, and a resistor Pee. 142569. should be used for low voltage relays. In 
reading the pick-up voltage, care must be taken to read the voltage just as the 
armature is going up, and not after it has completed the stroke. Release 
voltage must be read just before the armature drops away. 

Release values for the various ANL relays should be not less than the 
following percentages of pick-up values: ANL-2 85%; ANL-10 and 11 65%; ANL-15 
45%; ANL-20 55%; ANL-21 75%; ANL-30 55%; and ANL-40 45%. 

,.. . 
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GALVANOMETER TYPE RELAYS 

The front contacts of two-position relays should be open 1/-16 in. when the 
relay is in the deenergized position. The back contacts should be open 1/32 in. 
when the front contacts are just closed. Both front and back contacts should 
have a slide of 1/32 in. in the energized and deenergized positions respectively. 

For three-position relays, the contacts should be open 1/32 in. when the 
relay is deenergized. When the relay is energized, the contacts should slide 
1/32 in. 

The screw holding the graphite in the terminal post should be carefully 
tightened and each contact inspected to see that the graphite is not broken. 

By swinging the relay from side to side in a direction parallel to the 
shafts, the slight blows of the shafts against their bearings should be felt. 

Notice that there is no mechanical friction within the relay. Friction 
causes a jerky motion of the armature when operated at values of current between 
pick-up and normal. 

IRON TYPE 

See that the air gap between the pole faces and the core is uniform. The 
armature should be centrally located in the air gap and should have sufficient 
clearance to all parts. 

Relays which have a resistor in series with the field element should be 
tested in accordance with Figure 17 or 18. Relays which have no resistor in 
series with the field element should be tested in accordance with Figure 21 or 
22. It is important that the relay be kept level when testing for operating 
values. 

Galvanometer relays should release on not less than 75% of the pick-up 
value. 

Relay Spec. 

249 
250 
272 
279 
289 
302 
399 
414 
428 
706 
923 

1104 
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No. 

Ironless Type 
Method of Testing 

Connected As In Figure No. 

21 or 22 
21 or 22 
15 or 16 
21 or 22 
21 or 22 
17 or 18 
15 or 16 
21 or 22 
21 or 22 
21 or 22 
15 or 16 
17 or 18 



NOTE: 

Figure 8. Testing Transformer 

Whenever voltage measurements are made on 
element of track relays, care must be 
disconnect the voltmeter before the relay 
from the test circuit, or it may be burned 
voltage rises when the load is removed. 

the track 
taken to 

is removed 
out as the 
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USE OF REACTIVE TESTING TRANSFORMER 

Reactive testing transformers, Figure 8, are used for test-ing A.c. relays 
from a single-phase source of power when a two-phase source is ordinarily 
required. It is necessary that the transformer match the relay with which it is 
to be used. In using or ordering a testing transformer, this fact should be 
borne in mind. The instructions.with each transformer give the types of relays 
with which it is to be used. 

Relays should be tested with this transformer as in Figure 21 or 22. The 
adjustable block should first be pushed down until it rests firmly against the 
lower block, thus giving a zero air gap. It should then be raised by slowly 
turning the two knurled nuts at the top until the Pick-Up and Full Stroke values 
are determined. The release value is then determined by lowering the block. 
The relay test values thus obtained should be about 10% or 15% higher than the 
values marked on the relay tag. 

Figure 9. Slide Resistor 

Pee. No. Ohms Dwg. Ref. 

142569 11 B-9954-7 
123444 20 B-9954-7 
119293 40 B-9954-7 

65525 90 B-9954-7 
124299 1435 B-9954-7 
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USE OF TORQUE ARM IN ADJUSTING COUNTERWEIGHT 

A torque arm Figure 10, when used, should be slipped on the vane shaft of 
the relay with the opening of the slot at the bottom, as shown, and held in 
place by turning the arm which is threaded on the end, until it is tight against 
the vane shaft. The small weight on the arm should then ·be moved to give the 
desired counterweight, and the counterweight nuts_ on the relay adjusted so that 
the front contacts of the relay -will just make with the torque arm in a 
horizontal position. This can be most easily determined by tapping the relay 
case lightly. 

The notches on the arm are spaced so as to provide the counterweights 
ordinarily used. With the small weight in the notch nearest the vane shaft a 
counterweight· of 100 inch-grains is indicated; in the second notch 125 
inch-grains; in further 25 inch-grain steps to 300 inch-grains and 50 inch-grain 
steps to 600 inch-grains; except an extra notch at 375 inch-grains. 

PC.171156, OWG. 9672-202 

VANE SHAFT 
Figure 10. Adjustable Torque Arm 

APPARATUS FOR ADJUSTING AND TESTING A.C. RELAYS 

1. Contact weights (shown in Figure 2). 

2. Slide resistors (Figure 9). 

3. Reactive Testing Transformer Figure 8 (Specify voltage, frequency, and type 
of relay to be tested). 

4. Balanced Vane Figure 6. 

5. Jewelled Trunnion Screws for balanced vane 
Pc •. 174421--8378, Sh. 359 for TV-30 relays 
Pc. 174422--8378, Sh. 359 for TV-40 relays 

6. *Meters 
Ammeters (0-0.25, 1.0, 3.0 and 10.0 ampere scales) 
Voltmeters (0-1, 5, 25 and 125 volt scales) 

*Ammeters and voltmeters for testing relays must be in accordance 
with A.A.R. Signal Section Specifications 11221 and 11528 respectively 

7. Torque Arm, Figure 10, Pc. 171156-9672-Sh. 202 

In some of the following diagrams for testing a-c relays the use of a track 
transformer to reduce the voltage applied- to. the control element energizing 
circuit is indicated. In such applications, the full secondary voltage should 
be used in order that the best phase relations will be obtained. 
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FIG. 11. 

A.C. VOLTMETER 

FIG.12. 

A.C. AMMETER 

FIG.13 
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FIG.16. 
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A.C. MAINS 

TRACK ELEMENT A.C. VOLTMETER 
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OPERATING 
FREQUENCY 

IMMUNITY 
FREQUENCY 

~ A.C.AMMETER 

ADJUSTABLE RESISTORS 
CAPABLE OF' CARRYING 
10 AMPERES. 

Figure 23 
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