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New York

Application October 2, 1935, Serial No. 43,249

8 Claims.

My invention relates to relays, more particu-
larly to definite time, motor driven relays, and
has for an object the provision of an inexpen-
sive and reliable device of this character.

o
filed October 18, 1934, entitled “Definite time re-
lay” which application is assigned to the same
assignee as the present invention, I have dis-
closed a definite time relay comprising a timing

10 motor, time adjustable means for operating a

contact member a deflnite time after the motor
is energized, and normally disengaged driving
means for establishing a driving relationship be-
tween the motor and the time adjustable means.
The driving means comprises a pair of normally
disengaged gears, and a solenoid is provided for
operating these gears into engagement upon en-
ergization of the relay. .

Although definite time relays constructed as
shown in my above referred to application are en-
tirely satisfactory for practically all conditions of
operation, I have found that for special applica-
tions requiring an extremely high degree of ac-
curacy in timing or involving unusually frequent
operations -of the relay, something’ is yet to be
desired. -For example, I have found that the life

~of these relays is somewhat less than one million

operations due to the fact that the repeated im-
pact of the driven gear on the driving gear each
3¢ time that the relay is operated eventually causes
excessive wear or breakage of the gears. Like-
wise I have found that the gears may not always
mesh exactly, and accordingly, the time interval

of the relay will be affected, the width of one

35 tooth being sufficient to appreciably change the
time interval for which the relay is set. Accord-
ingly, it is a further object of my invention to pro-
vide a definite time relay of the above type which
will repeatedly reproduce a definite time interval

40 Wwith extreme accuracy and which has an ex-
tremely long life.

In carrying out my invention in one form, I
provide a definite time relay comprising normally
disengaged driving means for connecting the tim-

45 Ing motor to the time adjustable means and

means for operating the driving means into en-

gagement to establish a driving relation. ‘The
driving means includes a wheel formed of yleld-
able friction material, and means are provided
for varying the engaging pressure on the friction
wheel as the load on the motor increases so as
to prevent slippage. More specifically, I provide

a driving member comprising a wheel of yield-

able friction material such as soft rubber, con-

nected through suitable reduction gearing to the

-

In my copending application Serial No. 748,839,

(CL 200-—97)
driving motor and a driven member comprising

a toothed gear secured to the timing shaft of -

the time adjustable means. The timing shaft and
the driven gear are resiliently mounted for move-
ment in a fixed path transversely of the shaft
into engagement with the driving wheel, the axis
of which is slightly offset from the path of move-
ment. Means are provided for moving the timing
shaft in its fixed path and for stressing the re-
silient mounting means to exert a predetermined
initial engaging pressure between the gear and
the wheel so that the teeth on the gear are
pressed into the wheel. As the driving wheel is
rotated by the motor, the teeth on the driven
gear bite into the yieldable material of the wheel
and the offset relation of the respective axes of
the wheel and the gear produces a force which
tends to move the wheel and its shaft in a direc-
tion to further stress the resilient mounting
means and thus increase the engaging pressure
between the wheel and the gear as the load on
the motor increases.

Since the pressure between the wheel and the
gear varies with the load, slippage between the
wheel and the gear is.eliminated snd the smoocth
curved engaging surface of the wheel eliminates
the possibility of improper meshing. Therefore,
the time interval produced by the relay is ex-
tremely accurate. Furthermore, the resilient ma-

terial forming the wheel absorbs the shock of

the initial engagement between  the wheel and
the gear so as to provide for long life of the
relay.

For a more complete understanding of my in-

vention reference should now be had to the draw- °

ings in which Fig. 1 is a front view in elevation
of a relay embodying my invention; Fig. 2 is a
Sectional view taken along the line 2—2 of Fig.
"~ 1; Fig. 3 is a fragmentary detailed view showing
the driving means in engaging relation; Fig. 4
is a detailed sectional view taken along the line
A—4 of Fig. 1; Fig. 5 is a somewhat diagrammati-
cal view of the relay in perspective; and Fig. 6
is a view in exploded perspective of the timing
shaft and the time adjustable means carried
- thereby. !
Referring now to the drawings, I have shown a
definite time relay of the type described and
claimed in my above referred to application, com-

prising a base 10 for supporting the timing motor 5

i1, time adjustable means indicated generally by
the reference numeral 2 for operating a contact
member I3 a definite time after the motor 1 is
energized, and a solenoid 15 for operating the

time adjustable means into driving relationship !
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with the motor. As shown, the motor {{ which
is preferably of the self-excited synchronous type,
is supported on a bracket 16 secured to the base
10 and is arranged to rotate a driving member or
wheel T formed of suitable yieldable friction ma-
terial such, for example, as soft rubber. The
driving wheel 17 is mounted on a shaft 18 which
is connected to the motor shaft through suitable
reduction gearing (not shown) contained in a
housing 19.

The time adjustable means 12 which is normally
out of driving relationship with the motor, in-
cludes a toothed gear 20 secured to a timing shaft
2i journaled in suitable supporting ears extending
from a floating member 22. Asshown, the float-
ing member 22 is resiliently supported on a tilta-
ble arm 23 (Figs. 2 and 3) which is secured to a
beam 24 mounted for rotary movement on
brackets 25 and 26 fastened to the base 16. As
shown best in Fig. 4, the tiltable arm 22 is rigidly

- secured to the beam 24 by means of a screw 21
carrying a pair of washers 28 and a spacing’

bushing 29. This bushing 29 extends loosely
through an aperture 30 in the lower end of the
fioating member 22 and is somewhat thicker than
the floating member. The lower end of the float-
ing member is therefore free to move relative to
the tiltable arm 23 between the washers 28, and a
pin 31 adjacent the upper end of the arm 23 ex-
tends through a suitable aperture in the floating
member 22 and is provided with a spring 32 for
resiliently supporting the floating member 22
relative to the tiltable arm.

The beam 24 is provided adjacent its other end
with an extending finger 33 which is pivotally
connected to a plunger 34 constituting the oper-
ating member of the solenoid 5. It will be seen
that the solenoid plunger 34 and the tiltable arm
23 are mounted off center with respect to the
beam 24 and therefore, the beam 24 is normally
biased by gravity to the positions shown in Figs.
1,2 andb.

It will be understood of course that the time
adjustable means (2, the details of which will be
more fully described hereinafter, is arranged to
operate the contact member I3 a definite time
after energization of the motor 1{. Asshown, the
contact member {3 is pivotally mounted for move-
ment between two positions on a fixed pin 35
supported by the bracket 16 and is normally biased
to the position shown by engagement with a
finger 36 which extends outwardly from the upper
end of the floating member 22. A latch 37 which
is pivoted on a pin 38 and biased to latching posi-
tion by a spring 39, serves to retain the contact
member in its normal position. Carried by the
movable contact member {3, is a normally in-

effective biasing means, the operation of which -

will be more fully described later, comprising a
headed pin 40 slidable through a journal 41 in
the contact member 13 and carrying a normally
unstressed spring 4la, the ends of which respec-
tively bear against the contact carrying member
13 and the head of the pin 48.

Referring now to Figs. 2 and 3, when the sole-
noid 15 is energized, it will be apparent that the
beam 24 and the tiltable arm 23 will be moved
{rom the position shown in Fig. 2 to the position
shown in Pig. 3 and by means of the resilient con-

nection of the floating member 22 to the arm 23,
the timing shaft 21 will be moved in a fixed path "

transversely of its axis to engage the toothed gear
20 with the driving wheel 17. The strength of
the solenoid 15 and the tension of the spring 32
are so related as to exert an initial predetermined

2,071,202

pressure between the wheel (T and the gear 21,
which pressure is sufficient to press the teeth of
the gear into the yieldable material of the wheel,
as shown in Fig. 3.

I have found that the load imposed on the
motor f{ by the time adjustable means §2 is
sufficiently great to produce a considerable tend-
ency towards slippage between the wheel and the
gear. In order to prevent the occurrence of slip-
page between the wheel and the gear, the shaft 18
and the wheel IT are arranged slightly off center
from the path of movement of the shaft 21 and
the gear 20. In Fig. 3, the arrow 42 represents
the path of movement of the shaft 21 and it will
be seen that a line taken through the centers of
the shafts 18 and 21, as represented by the broken

line 43, forms a substantial angle a with the path-

of movement. Accordingly, when the wheel I7

is rotated in a direction indicated by the arrow.
44, a force will be exerted on the toothed gear 20 °

which is substantially tangential to the engaging
surfaces of the wheel 1T and the gear 20, i. e. the
force will be exerted in a direction substantially
perpendicular to the line 43. It will be apparent
therefore, that a force will be exerted on the shaft
21 and the wheel 20 which will tend to move the
shaft and gear toward the wheel I7. Accord-
ingly, the engaging pressure between the wheel
and the gear will increase substantially in pro-
portion to the increase of load on the motor. I
have found that for the best operation, the shaft
{8 should be offset from the path of movement of
the shaft 21 sufficiently so that the angle a is sub-
stantially 25 degrees upon initial engagement of
the wheel 1T and the gear 20. As the shaft 21
moves toward the wheel 17 in accordance with the
component of force exerted on the shaft, this
angle a will of course increase, and it will be ap-
parent upon inspection of Fig. 3 that the arrange-
ment of the tiltable arm 23 and the floating mem-
ber 22 is such that the tiltable arm 23 acts as a
stop to prevent too great a movement of the float-
ing member 22 and the shaft 21 in the direction
of the wheel 11. I have found that if the toothed
gear 20 is permitted to move too far around the
wheel 1T so that the angle @ approaches 45
degrees, there will be a tendency for the gear and
the wheel to remain in engagement after the relay
is deenergized.

It will be apparent now that I have provided a
simple, self-tightening arrangement for varying
the engaging pressure between the wheel T and
the gear 20 as the load on the motor increases.
In addition, the arrangement of the wheel 1T and
the gear 20 in offset relation provides means for
permitting the motor 11 to start under substan-
tially no load. It will be understood that the
motor {1 rotates at a relatively high speed, for
example, 3600 revolutions per minute, and that in
order to reduce the speed of the shaft to approxi-
mately one revolution per minute, a large number
of reduction gears must be provided within the
housing 19. Tt will be understood by those skilled
in the art that such a train of reduction gearing
will have an appreciable amount of back-lash.
Referring to Fig. 3, when the gear 20 initially en-
gages the wheel 11, there will be exerted on the
wheel 17T a force tending to rotate the wheel in the
direction of the arrow 44, and accordingly, all of
the back-lash which exists in the reduction gear
train will be inserted between the shaft I8 and
the shaft of the motor i1. Thus the motor in
starting must rotate sufficiently to take up this
back-lash before the load imposed thereon by the
time adjustable mechanism is applied. Accord-
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ingly, the motor may start and come up to sub-
stantially synchronous speed under substantially
no-load conditions.

The time adjustable mechanism 12, as herein-
before mentioned, is of the type described and
claimed in my above referred to application. For
the purposes of the present ‘application, this
mechanism may be described as comprising a
timing arm 45 provided with an operating finger
46 and a stop finger 41, a time adjusting or cali-
brating disk 48 having a plurality of slots 49
spaced about the periphery thereof and provided
with an extending portion 50 disposed in the path
of the operating finger 46, and a tripping arm
51 shaped to provide an outwardly extending
finger 52 and a pair of downwardly extending legs
53 and 54.

As shown best in Figs. 5 and 6, the time ad--

justable' mechanism is assembled on the timing
shaft 21 with the timing arm 45 keyed to the
shaft by means of a pin 55 for rotation therewith,
and with the calibrating disk 48 and the tripping
arm 51 arranged for rotation with respect to the
timing shaft 2f on a bearing member 56. In
order to maintain the three operating elements
45, 48 and 5! in face-to-face engagement on the
shaft 21, a spring washer 57 is provided and the
entire assemb]y is positioned on the shaft 21 by
means of a nut 58 which threadedly engages the
end of the shaft 21, In addition to the above ele-
ments, the time adjustable means includes s lock-
ing spring 59, one end of which is fastened to the
tripping arm 51 as by rivets 60 and the other end
of which is provided with a detent finger 61 for
selectively engaging the slots 49 arranged about
the periphery of the calibrating disk 48.

In order to bias the timing arm 45 and the trip-
ping arm $§1 to their respective initial positions, a
coil spring 62 is provided having its ends respec-
tivley fastened to the floating member 22 and to
the timing arm 45. This spring 62 normally holds
the stop finger 471 against a shoulder 63 on the
floating member 22, and a spring finger 64 is fas-
tened. to the beam 24 with its free end bearing
against the leg 53 on the tripping arm 51 to hold
the leg 54 of the tripping arm in contact with a
stop finger 65 extending from the floating mem-
ber 22,

As fully described in my above referred to ap-
plication, the time setting of the relay is con-
trolled by varying the position of the finger 50
relative to the initial positions of the arms 46
and §2. In other words, to vary the time setting
of the relay, the locking spring 89 is bent out-
wardly from the calibrating disk 48 so that the
detent 61 is free of the notches 49, and the cali-
brating disk 48 is then rotated until a desired
one of the slots 49 corresponding to the desired
time interval is in alignment with the detent 61.
The spring finger 59 is then released and the de-
tent 61 cooperates with the aligned slot 49 to
lock the finger 50 in a position relative to the
timing arm and the tripping arm, which posi-
tion corresponds to the desired time interval.

As will be seen upon reference to Fig. 5, the
operating solenoid 15 is connected to the supply
leads 66 and 61 for energization from a suitable
source of alternating current by a conventional
push button station comprising a start button 68
and a stop button 68. An interlock contactor
comprising the contacts 70 and T/ and a bridging
member 12 resiliently mounted on the finger 13
carried by the beam 24, is arranged to by-pass
the start button 68 when the solenoid is ener-
gized in order that the relay when once energized

" the wheel

3

by pushing the start button, will remain ener-
gized until its complete cycle of operation has
taken place. As described in my above referred
to application, the solenoid is provided with an
intermediate tap T4 for supplying an intermediate
voltage to the timing motor 11 through the con-
ductors 15 and 76. Arranged in the motor sup-
ply conductor 76, is a normally closed switch
comprising a pair of fixed contacts 7T and a
spring pressed bridging member 18 arranged to
be operated by a finger 19 extending from the
contact carrying member 13. It will be appar-
ent that when the movable contact member is

- actuated from its latched position to its other

circuit controlling position, the movable bridg-
ing member 18 will be operated to deenergize the
motor I1.

Although any suitable contact arrangement
may be provided for operation by the movement

of the contact carrying member 13, I prefer to :

provide a pair of normally closed contacts 80
and 81 and a pair of normally open contacts 82
and 83 arranged to operate as a single-pole,
double-throw switch in which the movable con-

tacts 80 and 82 are electrically connected to a =

common terminal 84 and resiliently supported
on the contact carrymg member 13 by a leaf
spring 85.

It is now believed tha.t a complete understand-
ing of my invention may be had from a descrip-
tion of the operation. With the start button 68
in its open circuit position and the various ele-
ments of the relay in the deenergized position
shown in Figs. 1, 2 and 5, the time setting of the

relay may be adjusted to the desired value in -

the manner hereinbefore described. When the
start button is actuated to energize the solenoid
15 and the motor {1, the consequent movement
of the solenoid plunger 34 rotates the beam 24
about its axis to close the interlock contacts 710
and 11 and to operate the time adjustable mech-
anism 12 into driving relationship with the
motor 13, the toothed gear 20 engaging the driv-
ing gear 11, as shown in Fig. 3. As the time ad-
justable mechanism is moved to the position
shown in Pig. 3, the trip finger 52 is moved to a
position immediately below the latch 37, and the
slidable pin 40 is moved through its journal 4{
to compress the spring 41a and apply to the con-
tact carrying member 13 a biasing force which
tends to move the contact member from its
latched position.

As hereinbefore explained, the initial engage-
ment of the gear 20 with the wheel 7 is effec-

tive to press the gear teeth into the wheel 1T and :

is also effective to rotate the wheel IT so as to
interpose all of the back-lash in the reduction
gearing between the wheel {1 and the shaft of
the motor (1. Accordingly, the motor Il comes
up to speed under substantially no load and as
IT begins to rotate the gear 20, a
force is exerted which increases the engaging
pressure between the wheel 1T and the gear 20
as the load on the motor increases.

As the gear 20 and the timing shaft 21 are ro-
tated, the timing arm 45 is moved to engage the
operating finger 46 with the finger 50 carried by
the disk 48. Continued movement of the timing
arm 495 rotates the disk 48, and the locking spring
51 transmits the motion of the disk 48 to the
tripping member 5f so as to move the tripping
member against the bias of the spring 64. As
the tripping member 51 rotates, the trip finger 52
carried thereby moves upwardly and raises the
latch 371 so as to release the contact carrying
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member {3 for movement from its normal, latched
position under the force exerted by the spring
d4la to open the contacts 88 and 8! and close the
contacts 82 and 83. Simultaneously, the extend-
ing finger 79 on the contact carrying member 13
operates the bridging member 78 to deenergize
the motor 1.

The operating cycle of the relay having now
been completed, the relay will remain in its op-
erated position until the stop button €9 is ac-
tuated to deenergize the solencid 13. Upon de-
energization of the solenoid 15, the beam 24 and
the time adjustable mechanism will be returned
to their normal positions and the interlock con-
tacts 78 and T{ will be opened. When the time
adjustable mechanism moves out of driving rela-
tionship with the motor, disengaging the gear 20
and the wheel {7, the timing arm 45 and the
tripping member 5! will be returned to their
respective initial positions by the biasing springs
62 and 64. Likewise, the arm 36 extending from
the floating member 22 will engage the contact
carrying member 13 and return it to its normal
position for engagement by the latch 37, It will
be apparent that the relay is now in its normal
reset position and the above cycle may again be
initiated by actuating the start button 68.

While I have shown a particular embodiment
of my invention, it will be understood, of course,
that I do not wish to be limited thereto since
many modifications may be made and I, there-
fore, contemplate by the appended claims to
cever any such modifications as fall within the
true spirit and scope of my invention.

What I claim as new and desire to secure by
Letters Patent of the United States, is:

1. A definite time relay comprising a motor,
a contact member, time adjustable means for
operating said contact member a definite time
after said motor is energized, normally disen-
gaged driving means for establishing a driving
relationship between said motor and said time
adjustable means, means for operating said driv-
ing means into engaging relation to establish
said driving relationship, said operating means
exerting a predetermined engaging pressure on
said driving means, and means for varying said
engaging pressure in accordance with the load
on said motor.

2. A definite time relay comprising a motor, a
contact member, time adjustable means for op-
erating said contact member a definite time after
said motor is energized, a driving member as-

sociated with said motor, a driven member as--

sociated- with said time adjustable means, said
driving member and said driven member being
normally out of driving relationship, means for
operating said driven member intc engaging re-
lation with said driving member to establish said
driving relationship, said operating means exert-
ing a predetermined engaging pressure between
said driving and driven members, and means for
varying said engaging pressure in accordance
with the load on said motor.

3. A definite time relay comprising a motor, a
contact member, time adjustable means for op-
erating said contact member a definite time after
said motor is energized, a driving member com-
prising a wheel formed of yieldable friction ma-
terial associated with said motor, a driven mem-
ber comprising a toothed gear associated with
said time adjustable means, said wheel and said
gear being normally out of driving relationship,
means for operating said gear into engagement
with said yieldable wheel, said operating means

2,071,202

exerting a predetermined engaging pressure be-
tween said wheel and said gear to establish a
driving relationship, and means for increasing
said engaging pressure as the load on said motor
increases to prevent slipping hetween said wheel
and said gear.

4. A definite time relay comprising a motor,
a contact member, time adjustable means in-
cliding a timing shaft for operating said con-
tact member a definite time after energization
of said motor, a driving wheel formed of yield-
able friction material associated with said mo-
tor, a toothed gear carried by said timing shaft
normally out of driving relationship with said
motor driven wheel, resilient means mounting
said timing shaft for transverse movement in a
fixed path to engage said gear with said wheel,
operating means for moving said timing shaft
in said fixed path, said operating means and
said resilient mounting means cooperating to
exert a predetermined initial engaging pressure
between said wheel and said gear, the axis of
said wheel Dbeing offset from said fixed path
whereby rotation of said wheel by said motor is
effective to exert on said gear and said timing
shaft a force in a direction to increase said en-
gaging pressure in accordance with the load on
said motor.

5. A definite time relay comprising a motor,

3, contact member, time adjustable means includ- :

ing a timing shaft for operating said contact
member a definite time after energization of said
motor, a driving wheel formed of yieldable fric-
tion material, means including a train of reduc-

tion gearing having an appreciable back-lash :

therein for connecting said driving wheel to said
motor, a toothed gear carried by said timing
shaft normally out of engagement with said mo-
tor driven gear, resilient means mounting said
timing shaft for movement in a fixed path to en-
gage said gear with said wheel, means including
a solenocid energizable simultaneously with said
motor for moving said timing shaft in said fixed
path, the axis of said wheel being offset from said

fixed path so that initial engagement of said gear ¢

with said “wheel rotates said wheel in g direc-
tion to insert all of said back-lash in said gear
train, whereby said motor is started at substan-
tially no load.

6. In combination, a driving member compris- :

ing a wheel formed of yieldable friction mate-
rial, a driven member comprising a toothed gear
normally disposed in disengaged relationship with
said driving member, yieldable means for mov-
ing said driven member toward said driving mem-
ber in a fixed path peripherally to engage said
members, the axis of said driving member be-
ing offset from the path of movement of the axis
of said driven member, and means for rotating
said driving member in a direction to exert on
said driven member a force which increases the
engaging pressure between said driving and driv-
en members as the load on said driven member
increases. :

7. In combination, a pair of substantially par-
allel relatively movable shafts, a driving member
and a driven member raspectively mounted on
said shafts out of driving relationship with each
other, yieldable means for moving one of said
shafts toward the other of said shafts in a fixed
path to engage said driving and driven members,
said yieldable means exerting a predetermined
initial engaging pressure on said members, said
other shaft being offset from said fixed path of
movement, and means for rotating the shaft

v
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carrying said driving member to rotate said driv-
en member and to exert un said relatively movable
shafts a force proportional to the load on said
driven member, said force being in a direction
to increase the engaging pressure between said
members as said load increases.

8. In combination, a pair of substantially par-
allel shafts one of which is mounted for move-
ment transversely of its axis in a fixed path, said
other shaft being offset from said path of move-
ment, a driving member and a driven member
respectively mounted on said shafts, one of said
members comprising a wheel formed of yield-
able friction material and the other of said mem-

5> bers comprising a toothed wheel, yieldable means

S5

for moving said one shaft in said fixed path
peripherally to engage said driving and driven
members with each other, said yieldable means
exerting a predetermined initial engaging pras-

‘sure on said members, whereby said teeth are

pressed into said yieldable material, and means
*or rotating the shaft carrying said driving mem-
ber to effect rotation of said driven member and
to exert on said movable shaft a force propor-
tional to the load on said driven member, said
torce being in a direction to increase the en-
gaging pressure between said driving and driven
members as said load increases.

ROBERT W. GOFY.
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