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I. G~NERAL 

The Style PT-250 is a plug-in time element relay for d-c operation. It can be set 
for a predetermined time interval, and when energized will not pick up until the expira
tion of that time. Contacts are provided for checking that the relay is fully released 
before each pick-up, otherwise the pick-up time interval could become materially re
duced. Typical PT-250 relays have two 11time" contacts and two "check" contacts, and 
are designed for 8, 10, 12 or 16 volt operation. Time ranges are 3 to 25 seconds, 24 
to 240 seconds, and 1 to 9 minutes. 

The relay contains an "operating magnet", on the armature of which is mounted a 
pendulum which is tuned to oscillate approximately 210 times per minute. The operat
ing magnet is controlled by contacts actuated by the pendulum. The function of the 
operating magnet is to rotate a "ratchet wheel" at a constant rate, by means of a "drive 
pawl". An adjustable stop screw prevents the drive pawl from advancing the wheel more 
than one tooth per stroke. A "stop pawl" prevents the ratchet wheel from moving in the 
wrong direction. 

When a "clutch magnet" is energized, the ratchet wheel will operate through a 
gear train to lift a counterweight. As the counterweight lifts it will at first open the 
main back, or check contacts. In its raised position it will close the front, or time 
contacts. Between the time contacts is a contact with a small perma.nent magnet to 
give it a snap action. This "control" contact deenergizes the operating magnet to stop 
the stepping action when the time contacts have properly closed. When the relay is de
energized the clutch magnet will release, permitting the counterweight to drop to its 
released position, opening the time contacts and reclosing the check contacts. 

Figure 1 shows the relay wiring·. The proper resistances for the two magnet coils 
and the snub resistor are given in Table I. The main purpose of the snub resistor is to 
prevent arcing at the pendulum contacts. In order to open the check contact circuits 
immediately when energy is applied to the relay, an auxiliary check contact on the clutch 
magnet armature is connected in series. with each main check contact. 

II. INSTALLATION, AND SERVICE RECOMMENDATIONS 

The plastic indexing plate furnished with the relay should be applied to the mount
ing base for the relay, using the screws provided, see also Section X. The long "ship
ping" screw which engages the pendulum should be removed from the rear of the relay 
and interchanged with the short 11dummy11 screw near it. The pendulum and the counter
weight will still be restrained by automatic locks which release only when the relay is 
plugged into its mounting base. 

To adjust the time interval, remove the plug screw from the upper transparent 
cover, and insert a screwdriver blade to turn the screw at front of the "time adjustment 
mechanism". It will be easier to adjust the screw if the relay is free enough from its 
mounting base for the counterweight lock to be engaged. On some earlier PT-250 re
lays .it may be necessary to remove the plastic cover; or the time adjusting screw may 
be accessible from the rear, instead of the front of the relay. 

, 
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From "MIN" to "MAX" on the time dial, the approximate time per dial division 
is 3 seconds for the 25 second relay, 26 seconds for the 240 second relay, and I min. 

J for the 9 minute relay. However, the actual adjustment should be checked, by mea
suring with a stop watch, the time from energizing the relay, at normal voltage to _ 
closing of the time contacts. The adjustment screw should not be turned to force the 
dial beyond the MIN or MAX graduations. 

Relays in service should be inspected at regular intervals to see that the pendulum. 
and ratchet wheel operate in a uniform manner and that the time interval is correct. 
Relays in service should be inspected, cleaned and adjusted every two to four years; or 
after approximately 200, 000 operations, whichever occurs first. 

IJI. OPERATING MAGNET, PENDULUM, RATCHET WHEEL AND PAWLS 

The armature of the operating magnet should have a stroke of . 060 inch, as mea
sured between the armature and the bottom leg of the magnet. It is permissible to re
duce this stroke in making final adjustments to the relay. But if the stroke has increased 
due to wear at the two back stop screws, these screws should be readjusted. 

The armature should just touch the bottom leg of the magnet when a vertical force 
of from 18 to_ 28 ounces (510 to 800 grams) is applied against the rivet head on the 
bracket just above the vertical coil spring. For this test the ratchet wheel should be 
held so that it does not offer any resistance to the drive pawl. This force is adjustable 
at the base of the coil spring, and its exact value may be varied in making final adjust-
ments to the relay. · 

The pendulum weight has two cavities containing mercury, the purpose of which is 
to prevent excessive swing of the pendulum. It should not be necessary to open these 
cavities unless final testing of the relay indicates that the swing of the pendulum cannot 
be controlled. If the cavities are opened it should be checked that they contain the pro
per amount of clean mercury. Each cavity should contain O. 7 of a cubic centimeter 
(. 0427 cu. in.) of mercury. For approximate check, lower a • 204 inch diameter clean 
steel rod, for example the shank end of :/1:6 twist drill, to the bottom of the cavity. The 
surface of the mercury should now come about even with the top of the 5/16 inch dia
meter part of the cavity. 

The drive pawl spring may be bent slightly to obtain correct mating with the ratch
et wheel. With the relay upright and the operating magnet in its energized position, the 
tip of the drive pawl should rest against the ratchet wheel, at the base of a tooth, with 
a barely perceptible pressure. 

The stop pawl should drop into place just before the armature reaches full stroke. 
The clearance between this pawl and its engaging tooth, when the stroke is complete, 
should be approximately equal to the clearance_ between the drive pawl and its engaging 
tooth when the magnet is deenergized. At the base of its engaging tooth, the stop pawl 
tip should rest against the ratchet wheel with a barely perceptible pressure. 

The drive pawl stop screw should be adjusted to clear the pawl tip by . 002 to • 004 
inch when the armature is at full stroke. It should be checked at various points around 
the wheel that this clearance lies between O and .-005 inch. 
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The pendulum. operated contacts should meet squarely, and must be clean and 
smooth. · ,With the relay in its normal position and the operating magnet deenergized, 
the insulating block in the pendulum. weight should clear the flexible contact member 
by approximately • 020 inch. Make any adjustment by bending the pendulum. reed very 
slightly, near its point of attachment to the operating magnet armature. The contact 
pressure, measured at the contact tips with the pendulum held away, should be 10 to 
12 grams. With the operating magnet in its energized position the contact should be 
visibly open. 

IV. CLUTCH MAGNET AND AUXILIARY CHECK CONTACTS 

The mating surfaces of the clutch armature and the brake wheel at right of the 
clutch coil should be cleaned with a solvent, then carefully wiped dry with a lintless 
cloth. Care must be exercised to avoid touching the brake wheel with the fingers, as 
any oiliness at this point can cause the clutch to slip. 

The clutch armature stroke should be approximately . 064 inch, as measured be
tween the armature and the U-sbaped back-stop member with the armature picked up. 
An L-sbaped piece of =lf:14 bare wire will serve as a satisfactory gage. Bend the back 
stop member if necessary. If the stroke is small, the compression of the contacts 
will be too slight; if the stroke is too large, the clutch pick-up voltage will be high. 

When energized, the armature must fit firmly against the curved surfaces of the 
core at the left and the brake wheel at the right. Horizontal misalignment can be cor
rected by loosening the two screws in the insulating stack at front of the armature and 
moving it at one or both ends. Further correction c~n be made by slightly bending the 
hinge springs, close to the armature insulating stack. A good check of armature fit 
can be obtained by energizing the clutch coil at about one-fourth of the normal relay 
voltage (Table I), then lifting the armature slowly by a finger placed between the two 
screws of the insulating stack. The armature should pull evenly into place, with all 
four corners touching at the same instant. 

Each auxiliary Check contact should have an opening of .015 inch with the clutch 
energized. This adjustment is obtained by bending the spring stop. The initial pres
sure of each contact spring against its stop should be 35 to 45 grams, measured at the 
contact tip. With the clutch deenergized, each end of the armature should rest against 
its back stop, and there should be an opening between each contact spring and its spring 
stop of . 010 inch minimum. If necessary the hinge springs can be bent slightly, close 
to the contact insulating stacks. When the relay is tilted backward about 30 to 40 de
grees the armature should "float" slightly above its back-stop, indicating that the hinge 
spring bias is not too great. 

At the front of the armature there is an adjustable screw in the bracket which sup
ports the end of the operating magnet. With the clutch armature deenergized, this 
screw should clear the small bracket on the. clutch armature by about • 020 in. 

' 
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V. GE~S, COUNTERWEIGHT AND TIME ADJUSTMENT MECHANISM 

At the time of shop cleaning and adjustment, one drop of instrument oil (Gulf Spec
ial Instrument Oil, U. S. & S. reference UJ41099 will be satisfactory) should be. applied 
at the teeth on each gear and pinion. With a fine wire, apply several drops at the bear
ing between the counterweight and the gear on the brake wheel, and several drops at the 
bearing of the short gear-shaft, between the larger gear and the counterweight. A drop 
of oil should also be applied to the operating magnet, at each end of the pivot block which 
supports the armature. The relay must not be over-oiled, and in particular it is im
portant to keep all traces of oil away from the clutch armature and the bearing surface 
of the brake wheel. 

With the ratchet pawls held out of engagement by small clips which can be easily 
made from wire paper clips, rotate the ratchet wheel by hand and observe that there is 
no binding of the gears at any point. With its automatic lock released, try also lifting 
the counterweight until its sloping front surface is approximately horizontal. In this 
position, hold the clutch armature firmly engaged, and check that a moderate force at 
the ratchet wheel will lift the counterweight, and that when released the ratchet wheel 
will run in reverse. For this test the time adjustment should be at its maximum setting. 

Binding in the gear train can be due to misalignment where the time adjustment 
mechanism fits over the end of the ratchet wheel shaft. Any such misalignment may be 
corrected by loosening and retightening the two screws which fasten the mechanism to 
the top of the counterweight. If the binding persists, remove the time adjustment mech
anism completely, the pinion from the end of the ratchet wheel shaft, and the counter
weight and brake wheel assemblies. With these parts removed, the shaft and bearings 
should be carefully cleaned and sparingly reoiled. 

The time adjustment mechanism should be adjusted as follows: With the time 
adjusting screw in its full clockwise position the indicator should be at the 11 MIN11 grad
uation on the dial. At this adjustment there should be little or no play of the "foot" of 
the insulating contact operating member between the two arms of the mechanism. 
However, it should be checked that when the counterweight is lifted enough to close the 
time contacts and open the control contact, there will be no binding sufficient to prevent 
the counterweight from returning to its fully released position. In relays having a two
piece time adjustment mechanism it is possible to adjust the clearance at the arms by 
loosening the two screws at the top of the counterweight, and adjusting the two parts of 
the mechanism with respect to each other. With the time adjusting screw in its full 
counterclockwise position, the indicator should be at or near 11 MAX11 on the dial. 

Except in some earlier relays there is a hold-down permanent magnet under the 
counterweight. This magnet should be adjusted to be not less than • 020 in. clear of the 
steel strip on the bottom of the counterweight, when the counterweight is in its fully 
released position. After the main contacts ar~ adjusted it will be checked that a verti
cal force of 60 to 7 5 grams is necessary to lift the front edge of the counterweight from 
its fully released position. (See end of Section VI.) 
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VI. CONTACTS AND CONTACT ADJUSTMENT 

All contacts in the relay should be cleaned per Service Spec. SU-4560. For 
cleaned contacts, the contact resistance at the pendulum and control contacts should 
be .02 ohm or less. For the time contacts, between relay terminals ITH and ITF, and 
2TH and 2TF, with the relay in its energized position the resistance should be • 04 ohm 
or less. For the check contacts, between relay terminals ICH and ICB, and 2CH and 
2CB, with the relay deenergized the resistance should be O .10 ohm or less. 

Adjustment of the pendulum operated contacts is covered in Section m. Adjust
ments of the auxiliary check contacts is covered in Section IV. When adjusting the 
contact springs in the insulating block at top of the relay, the time adjustment should 
be set at some value other than minimum, to permit free movement of the contact 
operating member. 

Each time contact should have a contact opening of • 080 inch with the counter
weight in its fully released position and the upper arm of the time adjustment exerting 
pressure against the 11foot11 of the operating member. (For earlier relays without the 
counterweight hold-down magnet the contact opening should be . 060 inch). Adjust by 
bending the upper contact spring support, close to the insulating block. The initial 
pressure of the contact spring against its stop should be 15 to 20 grams, measured at 
the contact tip. Adjust by bending the contact spring. The wing-shaped insulation ex
tending left and right from the control contact should just touch but not exert appreci
able downward pressure on the time contacts. 

A guide spring is located below the check contact at the right side of the relay. 
This spring acts as a support and hinge for the contact operating member. It should 
be biased upward enough to lift the heel contacts to a mid-position when the counter
weight is lifted slightly by hand. In this mid-position the opening at the time contacts 
should be . 030 inch. The guide spring stop is adjusted to help maintain the definite 
mid-position opening. With the counterweight fully released the guide spring should be 
open . 020 to. 030 inch from its stop. 

The main check contacts should be open . 020 inch when the heel contacts are in 
the mid-position (approx. . 015 inch for relays without the hold-down ~gnet). Adjust 
by bending the spring stop. The initial pressure of the contact spring against its stop 
should be 35 to 40 grams, measured at the contact tip with the heel contact lifted away 
(15 to 20 grams for relays without the hold-down magnet). With the counterweight fully 
released, each check contact should show compression by having a distinct rocking and 
sliding motion of the contact tips on the heel spring. 

The control contact should open ,with a distinct snap action when the counterweight 
is lifted to a point where there is a slight opening between each time contact spring and 
its spring stop, and should reclose with the same snap. The lower control contact 
spring should never open from its spring stop . 

. To readjust the control contact, place a small steel shim, approximately • 014 
inch thick under the permanent magnet on the upper spring to release it from the curved 
end of the lower spring. Bend at the upper spring support to make the "wings" on the 



-7-
WAaca 
~· 

upper spring clear the time contacts by 1/64 to 1/32 inch. Bend the lower spring sup
port to provide an opening at the silver contact tips of . 015 to . 020 inch. 

Remove the steel shim. The silver members should make good contact across 
their width, and the "wings" should touch the time contaets lightly. Adjust the curved 
steel end of the lower spring to be close to the permanent magnet but never actually 
touch it. If the contact lacks snap action, the curved end may not be close enough to 
the magnet. If too much effort is required to open it the magnet may be touching the 
curved member, or be too close. 

When released, the counterweight must always rest against the cross member of 
the relay frame. After adjusting the contacts it should be checked, as covered at the 
end of Section V, that a force of 60 to 75 grams is required to lift the front edge of the 
counterweight from its fully released position. It may be necessary to adjust the clear
ance at the hold-down permanent magnet. 

VII. SHIPPING LOCKS 

The automatic counterweight lock should be adjusted to positively lock the counter
weight in its released position when the plunger in the relay base is released. It should 
permit the counterweight to operate freely when the plunger is depressed 1/16 inch. Ad
justment is made at the two jam nuts on the plunger rod. 

The automatic pendulum lock is a pivoted arm which drops when released to engage 
a notch in the pendulum assembly. A nylon block then moves into place to lock the arm. 
The lock is disengaged by a plunger when the relay is plugged into its mounting base. 

With the plunger completely released, the spring seat nut at the front end of the 
rod should be adjusted so that the short coil spring is just loose. (On earlier relays 
not having the short coil spring, with the plunger depressed approximately 3/16 inch, 
adjust the cap nut on the front end of the rod so that it causes the pivoted arm to be 
raised as far as it will go.) Rotate the entire plunger rod by means of a wrench to posi
tion the nylon block so it will prevent the pivoted arm from lifting when the plunger is 
released, but will permit it to move upward freely when the plunger is depressed. Check 
that when the plunger is slowly released, as in unplugging the relay from its mounting 
base, the pendulum will be properly locked. 

vm. CALIBRATION OF OPERATING AND CLUTCH MAGNETS 

All tests should be made with the relay in its normal position and plugged into a 
mounting base to release the automatic locks. The time adjustment should be set at 
maximum. 

To calibrate the operating magnet: 

1. Attach a temporary jumper from the plus relay terminal to the terminal on 
the flexible pendulum contact located just below the drive pawl. 

2. Raise the counterweight by hand until the time contacts are closed but the 
control contact is not open. 
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3 .. Energize the relay at 1-1/2 times the Normal Relay Volts given in Table I 
-and corresponding to the name plate marking on the relay. 

4. Decrease the voltage slowly until the armature of the operating magnet drops 
away. This voltage should not be less than the Min D. A. Volts given in 
Table I. 

5. Reduce the voltage to zero, then increase it slowly until the armature picks 
up to step the ratchet one tooth. This is Max. P. U., Normal, and should 
not be greater than the value specified. 

6. Reduce the voltage to zero then repeat (5) except that before the energizing 
circuit is reclosed, the ratchet wheel should be rotated slowly by hand just 
far enough for the driving pawl to drop past the next tooth but not far enough 
for the stop pawl to do so. This will introduce a condition in which the drive 
pawl is against a ratchet tooth with no play. The armature should pick up at 
not more than the Max. P. U. , Loaded, value given in Table I. 

7. Remove the temporary jumper. 

If the drop-away voltage is too low, it may be necessary to increase the force of 
the vertical coil spring, within the limits given in Section m. If the normal pick up is 
too high, it may be necessary to decrease the vertical spring force. If the loaded pick 
up is high, binding in the gear train should be suspected. 

To calibrate the clutch magnet: 

1. Place a small slip of clean bond paper between the pendulum contact tips as 
an insulating separator. 

2. Energize at 1-1/2 times the Normal Relay Volts, then decrease the voltage 
slowly until the clutch armature drops away. This voltage should not be less 
than the Min. D. A. value given in Table I. 

3. Reduce the voltage to zero, then increase it slowly until the armature picks 
up. This voltage should not be greater than the Max. P. U. value specified. 

4. Remove the slip of paper. 

If the calibration values are not met the auxiliary check contact hinge spring ad
justment may not be correct, or the stroke may be greater than necessary to provide 
correct auxiliary check contact opening and compression. (See Section IV.) 
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All tests should be made with the relay in its normal position and plugged into a 
mounting base to release the automatic locks. 

The pendulum should operate 200 to 220 times per minute, however the rate is 
not important if final timing requirements can be met. The pendulum weight must not 
strike the relay base, and should remain at least 1/8 inch clear of it. This should be 
checked over a voltage range as the maximum pendulum swing may occur at a few 
volts above or below normal. With a long swing the pendulum will operate somewhat 
slower than with a short swing. 

An excessive swing may be corrected by reducing the stroke of the operating 
magnet, provided proper ratcheting action can still be obtained, or by reducing the 
force of the vertical coil spring, within the limits given in Section III. If these mea
sures are not effective it will be necessary to open the cavities of the pendulum weight 
as covered in Section m .. 

Any arcing or pitting at the pendulum contacts would indicate that the snub resis
tor circuit is open. 

The operating magnet stepping effort should be checked with the time adjustment 
set at about the middle of the dial, where the effort to open the control contact will be 
greatest. At 75 percent of the Normal Relay Volts, Table I, the relay should operate 
to open the control contact without any hesitation at the ratchet wheel. 

Any hesitation or failure to step can be due to light pressure or contamination at 
the pendulum contacts, misadjustment at the ratchet pawls, or binding in the gear 
train. It may be helpful to reduce the force of the vertical coil spring on the operating 
magnet (Section III). If hesitation occurs at the point of opening the control contact, 
the initial pressure of the time contacts (Section VI) could be too great, and improve
ment may be gained by reducing the snap at the control contact. 

The clutch holding power should be tested with the time adjustment set at about 
the middle of the dial. With the relay in its energized position at normal relay volts, 
a downward vertical force of 14 ounces (397 grams) at the front edge of the counter
weight should not cause the clutch to slip. 

At 75 percent of normal voltage, the clutch should not slip while the control con
tact is opening, and with the relay in its energized position a vertical force of 6 ounces 
(170 grams) should not cause slippage. If the clutch slips, check the fit of the arma
ture against the core and brake wheel (Section IV), reclean, and wipe the surfaces with 
clean, dry bond paper. 

Timing tests should be made at the normal relay voltage, with the time dial set 
at maximum and at minimum. Measure the time with a stop watch, from energizing 
the r~lay to closing of the time contacts. At maximum setting the time should not be 
less than_ the value stamped on the relay name plate. At minimum setting the time 
should not be longer than the value stamped on the relay name plate. 
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X. RELAY INDEXING 

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

1. The index code always consists of four figures (such as 0001, 0002, or 
0101) and is used for both the relay and the indexing plate on the mounting 
base. 

2. The index code for each relay can be determined from the relay's piece 
number and its suffix which is marked on the name plate attached to the 
front of the relay. The first two digits of the index code are the· last two 
digits of the piece number, and the second two digits of the index code are 
the last two digits of the piece number suffix. This index number thus ob
tained should agree with the placement of the indexing pins in the numbered 
rows on the back of the relay starting with row A and ending with row D. 

3. The index code for each mounting base is determined by the placement of 
the holes in the numbered rows of the large white nylon indexing plate which 
is affixed to the front of the mounting base. This indexing plate should not 
be removed from the mounting base unless it is damaged or the indexing is 
to be purposely changed to accommodate a relay of a different piece number. 
Discard the indexing plate which comes in a bag tied to the handle of all new 
relays unless it is needed for replacement of a damaged indexing plate or for 
application to a new mounting base. Never drill new holes in an existing in
dexing plate for then it would accommoda~ two or more relays of different 
piece numbers. The same applies to the positions of the indexing pins in 
the back of the relay unless it is being converted to another piece number. 
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PENDULUM 
CONTACT 
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lTF 
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~TIME CONTACT 

~} TERMINAL FINGERS 
(ENGAGE IN RELAY) 

lCH MOUNTING BASE) 

AUXILIARY CHECK CONTACTS 

Figure 1. Wiring Diagram, as Viewed from Front of Relay 
(For 2 Time and 2 Check Contact Relay) 

Table I. Calibration Values for PT-250 Time Element Relays 

Operating Magent Clutch Magnet 

NORMAL 
( 

SNUB MIN. 
\( 

MIN. MAX. 
RELAY MAGNET RES. D.A. MAX. P. U. VOLTS MAGNET D.A. P.U. 
VOLTS OHMS OHMS VOLTS NORMAL LOADED OHMS VOLTS VOLTS 

8 46 510 0.25 5.1 5.7 65 .33 6 
10 72 750 0.30 6.2 7.0 90 .4 7.5 
12 112 750 0.40 8.0 9.0 130 .5 9.0 
16 175 1200 0.50 10.0 11.2 200 .6 12.0 

l 
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