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13 Claims.

The present invention relates to electrical -
circuit controlling devices and has for its object’

to provide a device of the above indicated char-
acter that is adapted to automatically bring
about a change in the controlled circuit after
the lapse of a predetermined minimum time in-
terval following the energization of the device.

In the control -of certain electrical apparatus,

it is sometimes absolutely essential that the ap-
paratus shall not be energized until after a mini-
mum time interval hasg elapsed followmg the
energization of other related apparatus and the
device of the present invention so functions that

this minimum time interval will be maintained,

even though the device itself is energized at
widely varying intervals, as will hereinafter more

fully appear from the following description, with-

reference to the accompanying drawings, in
which:— ’

Fig. 1 is a view in side elevation of the device
embodying the invention.

Pig. 2 is a view in front elevation of the device
shown in Fig. 1. ’

Fig. 3 is a view similar to Fig. 1, illustrating

the condition of the device at the beginning of

. its period of energization.
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Fig. 4 is a view similar to Fig. 3, illustrating
the condition of the device after the lapse of a
portion of the minimum time interval.

Fig. 5 is a view similar to Fig. 3, illustrating
the operation of the device after the lapse of its
minimum time interval. ‘

Figs. 6 and 7 are diagrammatic views showing
the circuit connections of the device during its
operation.

Like reference characters refer to hke parts

. throughout the drawings.

40

4b

50

b5

Referring to the drawings, the device consists
of a U-shaped magnetic core 1 having one leg 1@
thereof surrounded by a winding 2, while. the
other leg 1b supports an armature 3 on a pivot
4. 'The free end of the armature 3 carries a rod
5 extending upwardly through a slot 6 :provided
in the core leg 1a with the rod 5 extending above
the top of the core 1. The upper portion of the
core 1 carries a bracket 7 on which is pivotally
supported a frame 8 by means of a shaft 9, the
frame 8 carrying a pair of downwardly extending
contact arms 10, 10 disposed on opposite sides of
the coil 2. The arms 10 are connected together
across the frame 8 and are insulated therefrom
at 11.

With the parts in the posmon shown in Fig.
1, that is, with the winding 2 deenergized, the
arms 10 are in engagement with statlonary

(Cl. 175—320)

contacts 12 carried by an insulating base 13 on
which the core 1 is mounted, so that a con-
tinuous circuit is then maintained between the
contacts 12. Movement of the frame 8 about
the pivot shaft 9 is adapted to separate the
arms 10 from the stationary contacts 12 and
swing the arms in the direction of a second
pair of stationary contacts 14 carried by termi-
nals 15 mounted on the base 13 and projecting
forwardly therefrom. Referring now to Fig. 6,

the one terminal of the winding 2 is connected to.

one of a pair of supply mains 16 energized from
a suitable source of electrical energy, while
the other terminal is connected to the other
main 16 by means of a switch 17. The stationary
contacts 12, when engaged by the contact arms
10, are adapted to connect a heating coil 18
in parallel circuit relation with the terminals
of the energizing winding 2, so that when the
switch 17 is closed the winding 2 and the heat-
ing coil 18 will be simultaneously energized.
This condition continues while the frame 8
carrying the contact arms 10 remains in the
position shown in Fig. 1, and the manner in
which the coil 18 is adapted to control 1nove-
ment of the frame 8 will next be described.
Referring again to Fig. 1, the coil 18 is shown
as being wrapped around an arm 19 rigidly se-~
cured at its lower end to a bracket 20 projecting
downwardly from the core 1 in front of the
energizing winding 2. The arm 19 is composed
of bi-thermal metal so designed that when the
arm 19 is at ordinary room temperature it is
bent in one direction, whereas when the arm

19 'is heated it will bend in the opposite: di-

rection, as shown in Fig. 4, owing to the differ-
ent coefficients of expansion of the metals com-
posing the arm 19. With the arm 19 in an un-
heated condition, its upper end is yigaldingly
engaged by the lower end of a lever 21 piv-
oted at 22 and biased by a spring 21a< in the
direction of the thermal arm 19. The lever 21
extends above pivot 22 through a slot 23 pro-
vided in a plate 24 projecting forwardly from
the frame 8 and movable therewith, that por-
tion of the lever projecting above the plate 24
providing a shoulder 25 in engagement with
one edge of the slot 23. Therefore, with the
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parts in the position of Fig. 1, the lever 21 pre- -

vents the frame 8 from turning about its shaft
9 in a counterclockwise direction.

As previously pointed out, the armature 3 car-
ries a vertically movable rod 4, and the upper
end of this rod -5 bears against a resilient mem-
ber 26 shown extending parallel to the plate 24
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in Fig. 1. The resilient mémber 26 is secured
to the frame 8 so that when the armature.3 is
attracted by energization of the winding 2, up-
ward flexure of the resilient member 26 by the
rod 5 tends to turn the frame 8 with it. How-
ever, this tendency towards movement of the
frame 8 is prevented by the engagement of the
shoulder 25 on the lever 21 with the plate 24,
so that the frame 8 is not moved when the
armature 3 is first attracted to the core 6, as
indicated in Fig. 3. As previously pointed out,
when the winding 2 is energized by closure of
the switch 17, the heating coil 18 in parallel
with winding 2 is also energized through the
then closed contact arms 10 and fixed contacts
12, and as the coil 18 heats, this heat is trans-
ferred to the bi-thermal arm 19, and the latter
slowly straightens and flexes to the right, as
shown in Figs. 3 and 4. This has the effect of
turning the lever 21 in a counteclockwise di-
rection, so that after the switch 17 has been
closed an appreciable time, the shoulder 25 re-
leases the edge of the slot 23 and the plate 24

is free to move upwardly under the urge of the’

flexed member 26. This movement of the plate
24 and frame 8 separates the contacts 10 from
the contacts ‘12, ‘but before the frame 8 has
swung far enough to engage the contact arms
10 with the other stationary contacts 14, the
end of the plate 24 engages a shoulder 27 on a
lever 28, also mounted on the pivot 22 and biased
in the direction of thermal arm 19 by a spring
28a. This condition of affairs is shown in Fig.
4, from which it is evident that the frame 8 is
maintained in such a position that the arms
10 are substantially midway between the pairs
of contacts 12 and 14.

‘When the plate 24 is released by the lever 21
upon expansion of the bi-thermal arm 19, sep-
aration of the contact arms 10 from the sta-
tionary contacts 12 immediately deenergizes the
heating coil 18, whereupon the bi-thermal ele-
ment starts to cool off. As the cooling of the
arm 19 progresses, it tends to straighten out

" from the deflected position shown in Fig. 4, so

that the upper portion of the arm moves to the
left. As previously pointed out, the shoulder 27
of the second lever 28 is at that time holding the
plate 24 against upward movement under the
tension of the resilient member 26 and, as indi-
cated in Fig. 4, the pull of the spring 28a about
pivot 22 is such as to maintain the lower end
of the lever 28 in engagement with the deflected
bi-thermal arm 19. Therefore, as the cooling
of the arm 19 causes it to straighten out, the

-lower leg of the lever 28 is moved to the left,

thereby turning the lever in a clockwise direc-
tion about its pivot 22. Consequently, as the
bi-thermal arm 19 cools off, the shoulder 27 of
the lever 28 slowly moves away from the end
of the plate 24 until finally the plate 24 is re-

~ leased, as shown in Fig. 5.

Since, as previously pointed out, the plate 24
of the frame 8 is always subjected to the pull
of the resilient member 26, while the armature
3 is attracted, the frame 8 is turned further about
its pivot shaft 9 immediately upon release of the
plate 24. This movement continues until the
contact arms 10 engage the second pair of sta-
tionary contacts 14, as indicated in Fig. 5.
This completes the circuit between the contacts
14, as indicated in the diagrammatic showing of
Fig. 6, so as to immediately connect an electrical
load indicated at 29 across the supply mains 16
and the load 29 will remain energized so long

1,029,559

as the switch 17 remains closed owing to the

pressure exerted on the frame by the deflected

resilient member 24. : )

Upon opening the switéh 17, thereby deener-
gizing the winding 2, the armature 3 drops,
whereupon the deflected resilient member 26, in
straightening out, exerts a downward pressure
on the frame 8 which causes the contact arms
10 to separate from the stationary contacts 14
and re-engage the other pair of stationary con-
tacts 12. This turning movement of the frame
8 also causes the plate 24 to resume the position
of Fig. 1 and in moving downwardly from its
position of Fig. 5, the plate 24 by exerting a
camming action on the inclined top of lever 21
turns the lever 21 just enough to permit its
shoulder 25 to re-engage the edge of the slot 23.
In other words, deenergization of the winding
2 by opening the switch 17 causes all of the
parts of the device to resume the position of
Fig. 1 in which the bi-~thermal arm 19 is flexed to
the left, since it is then substantially at room
temperature.
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In the foregoing description of the function-

ing of the device, it is obvious that closure of
the switch 17 to energize the winding 2 will
start a cycle of operations finally resulting in the
energization of the electrical load 29 after the
expiration of a definite time interval. This time

interval is ‘determined by two factors, first, the:

time required for. the bi-thermal arm 19 to be
heated enough to cause release of the plate 24
by the lever 21 with resulting deenergization of
the héating coil 18, and second, the time required
for the subsequent cooling and contraction of the
bi-thermal arm 19 to cause a second release of
the arm 24 by the lever 28 with resulting ener-
gization of the load 29. As previously pointed
out, one of the objects of the present invention
is to provide a device of this character so func-
tioning that it will be impossible for the electri-
cal load under control to be energized until
after the expiration of a minimum time interval
under any and all conditions of operation, and
the particular functioning of the device with
this object in view will now be explained.
Assume that it is an essential condition of
‘the desired operation that the electrical load 29
shall not be energized until after the switch 17
has been closed at least twenty seconds. This
being the case, it might be possible to obtain this
result by so designing the heating coil 18 that it

100 .

105

110

115

120

125

would teke just twenty seconds for the bi-

thermal arm 19 to release the plate 24, by turn-
ing only the lever 21. But this arrangement
would not by any means meet all possible con-

130

ditions of operation so that the minimum de-

sired interval of twenty seconds would always be
obtained. For example, should the switch 17
be closed to start the cycle while the bi-thermal
element 19 was still heated from the previous
cycle of operation, it is evident that it would
take less than twenty seconds to heat the bi-
thermal arm 19 to the point where it would re-
lease the plate 24.

In the functioning of my improved device,
however, there is no possibility of the electrical
load 29 being energized within a shorter period
than the determined minimum, because of the
fact that the heating coil 18 cannot be energized
at any time unless it has entirely cooled off, ir-
respective of whether or ot the switch 17 might
be closed while the bi-thermal arm 19 still
retains some heat from the cycle of operation
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of having the bi-thermal arm 19 always substan-
tially at room temperature in the position of
Fig. 1 is insured by the fact that the heating of
the arm 19 to cause a predetermined expansion
after the lapse of a predetermined period merely
partly releases the plate 24, while at the same
time automatically deenergizing the heating coil
18. Therefore, before the plate 24 can be re-
leased to permit movement of the frame carry-
ing the contacts 10, a similar period must neces-
sarily elapse for the cooling of the bi-thermal
arm 19. This being so, the time interval of the
device is always measured by a complete cycle
of heating and cooling of the bi-thermal arm 19.

Tt is evident that the device is adapted to
meet the most extreme conditions of operation
such as would be caused. by closing the switch
17, opening it after an interval less than the
fixed element of the device, before the load 29
is connected, and then closing the switch 17
again. Assuming that the first closing of the
switch 17 has been long enough to cause release
of the plate 24 by the lever 21, it is obvious that
re-closure of the switch 17 cannol reenergize
the coil 18 until after the bi-thermal arm 19 has
entirely cooled off from its previous heating,
since the contacts 12 are only engaged by the
contact arms 10 when the bi-thermal arm 19 is
substantially at room temperature. Therefore,
the device always operates with a minimum of

time delay element which remains fixed for any.

and all conditions of operation.

I claim, : '

1. A circuit controlling device comprising rel-
atively movable contacts, the position of which
is determined by an energizing winding, char-
acterized by the provision of means for permit-
ting engagement of said contacts only after the
lapse of a predetermined minimum time interval
following the energization of said winding, said
minimum time interval being automatically
maintained irrespective of successive energiza-
tions of said winding through periods less than
said minimum interval.

2. In a circuit controlling device, the com-
bination with an energizing winding, a mag-
netic member freely movable in response to
energization of said winding and a movable con-
tact carrying member, of means for imparting
the initial movement of said magnetic member
to said contact carrying member only after the
lapse of a predetermined minimum time interval
following the energization of said winding.

3. In a circuit controlling device, the combi-
nation with an energizing winding, a magnetic
member movable in response to energization of
said winding and a movable contact carrying
member, of means for imparting the movement
of said magnetic member to said contact carry-
ing member only after the lapse of a predeter-
mined minimum time interval following the
energization of said winding, said minimum time
interval being maintained irrespective of suc-
cessive energizations of said winding through
periods less than said interval.

4. In a circuit controlling device, the combi-
nation with an energizing winding, a magnetic
member freely movable in response to energiza-
tion of said winding and a movable contact
carrying’ member, of means for imparting initial
movement of said magnetic member in response
to energization of said winding to said contact
carrying member, only after said winding has
been continuously energized throughout a pre-
determined minimum time interval.

5. In a circuit controlling device, the combi-
nation with an energizing winding, a magnetic
member freely movable in response to energiza-
tion of said winding and a movable contact
carrying member, of .8 heat responsive device,
and means controlled by said heat responsive
device for imparting the initial movement of
said magnetic member to said contact carrying
member. .

6. In a circuit controlling device, the combi-
nation with an energizing winding, a magnetic
member mcvable in response to energization of
said - winding and a movable -contact carrying
member, of a heat responsive device, and means
controlled by both the heating and cooling of
said heat responsive device for imparting the
movement of said magnetic member to said con-
tact carrying member. ) '

7. In a circuit controlling device, the combi-
pation with an energizing winding, a magnetic
member movable in response to energization of
said winding and a movable contact carrying
member, of a heal responsive device, and means
controlled by the heating of said heat responsive
device for imparting a portion of the movement
of said magnetic member to said contact carry-
ing member, the movement of said contact
carrying member being completed only upon
cooling of said device.

8. In a circuit controlling device, the com-
bination with an energizing winding, & magnetic
member freely movable in response to energiza-
tion of said winding, a movable contact carry-
ing member and a yieldahle connection between
said magnetic member and said contact carry-
ing member, of a heat responsive device and
means controlled by said heat responsive deviee

“for preventing the initial movement of said

magnetic member in response to energization
of said winding from being imparted to said
movable contact carrying member until said
winding has been continuously . energized
through a predetermined period.

8. In a circuit controlling device, the com-
bination with an energizing winding, a mag-
netic member freely movable in response to en-
ergization of said winding, a movable coritact
carrying member and a yieldable connection be-~

tween said magnetic member and said contact.

carrying ‘member, of a heat responsive device
and means controlled by said heat responsive
device for permitting the initial movement of
said magnetic member to be imparted to said
contact carrying member through said yieldable
connection only after said winding has been
continuously energized through a predetermined
period.

© 10. In a circuit controlling. device, the com-

_bination with an energizing winding, a mag-

netic member freely movable in response to en-
ergization of said winding, a movable contact
carrying member and a yieldable connection be-
tween said magnetic member and said contact
carrying member, of a heat responsive device
and means controlled by both the heating and
cooling of said heat responsive device for per-
mitting initial movement of said magnetic mem-
ber in response to energization of said winding
to be imparted to said contact carrying mem-
ber through said yieldable connection.

11. In a circuit controlling device, the com-
bindtion with an energizing winding, a mag-
netic member freely movable in response to en-
ergization of said winding, a movable contact
carrying member and a yieldable connection he-

3

95

106

108

110

115

120

135

140

150



10

30

35

40

45

50

56

" 60

85

70

[

4

tween said magnetic member and said contact
carrying member, of a heat responsive device
and means controlled by the heating of said
heat responsive device for imparting a portion
of the initial movement of said magnetic mem-
ber in response to energization of said winding
to said contact carrying member through said
yieldable connection, movement of said contact
carrying member being completed only upon the
cooling of said heat responsive device.

_12. In a circuit controlling device, the com-
bination with ‘an energizing winding, a mag-
netic member freely movable in response to en-
ergization of said winding, a movable contact
carrying member and a heat responsive device
for confrolling a yieldable connection between

said magnetic member and said current carry- -

ing member, of a source of electrical energy,
means for initially connecting said energizing
winding and said heat responsive device to said
source in paralle] circuit relation, and means un-
der control of said heat responsive device for
permitting the initial movement of said mag-
netic member to be imparted to said contact
carrying member through said yieldable con-
nection only after said winding has been ener-

1,029,552

gized through a predetermined period, such
movement of said contact carrying member serv-
ing to disconnect said heat responsive device
from said source.

13. In a circuit controlling device, the com-
bination with an energizing winding, a mag-
netic member freely movable in response to en-
ergization of said winding, a movable contact
carrying member and a heat responsive device
for controlling a yieldable connection between
said magnetic member and said current carry-
ing member, of a source of electrical energy,
means for connecting said winding and said heat
responsive device to said source in parallel cir-

cuit relation, means controlled hy the heating -

of said heat responsive device for permitting a
portion of the initial movement of said magnetic
member to be imparted to said contact carry-
ing member, with such movement of the con-
tact carrying member serving to disconnect said
heat responsive member from said source, and
means controlled by the cooling of said heat
responsive member for permitting the contact
carrying member to complete its movement un-
der the urge of said yieldable connection.
CHARLES LUDWIG HANEL.
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