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This invention relates to a control device, and
more particularly to controlling an electrical cir-
cuit in response to a control device for a thermal-
responsive device.

An object of this invention is to provide 2

thermal-responsive switch that is inexpensive to .

build, durable, and efficient in operation.
Another object of this invention is to provide
a thermal-responsive switch having more than
one set of contacts controlled by a thermal-re-
sponsive element, so that a plurality of circuits
are controlled in a predetermined sequence by
the thermal-responsive element. . Such a switch
is particularly adapted, for example, to the con-
trol of the starting and running circuits of an
electic motor and to providing overload protec-
tion for the motor. In the disclosed embodi-
‘ment of the invention, this object is accom-~
plished and such a switch provided in one as-
pect of the invention by the combination incor-
porating a support, stationary contacts secured
to. the support, movable contacts adapted to en-
gage the stationary contacts and carried by sep-
arately electrically insulated Jpivotally mounted
contact carrying members, a thermal responsive
actuatmg element anchored at one end and oper-
atively connected to the contact carrying mem-
bers through an intermediate member in such 2

way that the contact carrying members are ac- -

tuated at different times, and springs each an-
chored at one end and having their other ends

- connected to the contact carrying members.
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Another object of this invention is to provide
a switch for controlling an electrical circuit,
which ‘switch ‘is actuated by a thermal-respon-
sive element. and has means for effecting. quick
make and break of the contacts. An example of
a use to which such a switch is particularly
adapted is that of controlling the starting and
running circuits of an electric motor. In the dis-
closed embodiment, one aspect of the invention
is provided by a combination incorporating a
support, a stationary contact secured to the sup-
" port,”a movable contact adapted to engage the
stationary contact, which movable contact is
mounted on a pivotally supported contact carry-
ing member and insulated from the stationary
ccntact, a spring anchored at one end and hav-
ing its other end connected to the contact carry-
ing member, a thermal responsive element an-

* chored at one end near the anchored end of the

spring, said thermal responsive element and
spring being substantially parallel to each other,
the pivotal mounting for the contact carrying
member being nearer the end of the spring that is

1936

(CL 200—113)

fastened thereto than to the other end of the’
spring, and said spring exerting a continuous.:

force against the movement of the thermal re-
sponsive element in one direction, the magnitude
of which force diminishes a.fter movement, is
started and continues to diminish until after the
contacts are broken.

Further objects and advantages of the present
invention will be apparent from the following de-
scription, reference being had to the accompany-
ing drawings wherein a preferred embodiment of
the present invention is clearly shown.

in the drawings:

Fig. 1.is an elevation of a switch embodying a
preferred form of the present invention.

Fig. 2 is a perspective view of the back of the
switch shown in Fig. 1.

Fig. 3 is a sectional view of the switch shown
in PFig. 1 with the switch contacts closed, and is
taken substantially on the line 3--3 and in the
direction of the arrows, as indicated in Fig. 1.

Fig. 4 is a sectional view of the switch shown.
in Fig. 1, with the switch contacts open, and is-

taken substantially on the line 3—3 and in the
direction of the arrows, as indicated in Fig. 1.
Fig. b is a perspective view of a link utilized
in a preferred form of the switch shown in Figs.
1, 2, 3 and 4.
Figs. 6 and 7 are perspectlve views of a modi-
fied form of the switch combining two switches

single unit.
Fig. 8 is a fragmentary view of a portlon of
the switch shown: in Figs. 6 and 7, with the con-

- tacts in the open position.

Fig. 9 is a perspective view of a preferred form
of switch having a plurality of contacts actuated
by a single thermal-responsive element.

Fig. 10 is an end view of the switch shown in
Fig. 9.

Figs. 11, 12, 13 and 14 are fragmentary views

showing positions of the contacts in the oper-.

ation of the switch shown in Figs. 9 and 10.

¥ig. 15 is a preferred form of motor control
circuit embodying the switch such as that shown
in Figs, 9 and 10.

Figs. 16 and 17 are modlﬁed forms of motor
control circuits embodying the present invention.

With particular reference to Figs. 1 to 4 in-
clusive, a support or housing 10 is preferably
made of insulating material such as molded
phenol fiber and has-a base or back portion §2

and side walls {4 and 16. In the particular form '

illustrated, the switch is particularly adapted to

-be utilized for the control of an electric motor,

[23
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"similar to that shown in Figs. 1, 2, 3 and 4 into a .
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and aitho it is not at all limited to that use, the
side wall 14 is shown as curved, so that the switch
fits inside of the motor housing. An opening (8
is provided in the support for the-accommodation
of suitable mounting means.

“Support members 20 and 22 are secured to the
back (2 of the support or housing {0, preferably
by being molded into the insulating material.
The support members 20 and 22 have notches
such as 24 therein. A contact carrying member
26 has knife edges such as 28 that cooperate with
the notches 24 to provide a pivotal mounting for
the contact carrying member. ‘The contact car-
rying member 26 has an arm portion 30, near the
end of which arm portion a contact 32 is mounted.

The contact 32 has head portions 34 and 36 and
a stem portion 38, which stem portion is slidably
mounted in an opening, not shown, in the arm
portion 30. A spring 40 is interposed between
the arm portion 308 and the head portion 34 to re-
siliently urge the head portion 34 away from the
arm portion 30. The spring 42 is anchored at
one end, preferably by clampihg that end be-
tween suitable spacers 44 and 46 on a screw 48,
which screw is threaded into the support or

housing 10. The other end of the spring 42 is .
"connected to. a lever portion 45 of the contact
carrying member 26, preferably by a loop portion -

47 of the spring 42 that is disposed in a notch 48
in the end of the contact carrying member. 'The
end of the spring 42 near the loop portion 47 is
disposed within an opening 59 in the contact car-

" rying member, and a curved portion 52 of the
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contact carrying member provides a stop that
contacts the spring intermediate the extremities
thereof when the contact carrying member is
moved 1n one direction.

The sprmg 42 normally urges the contact 32
into engagement with a stationaty contact 54,
which stationary contact is secured to the back
or base 12 of the housing by riveting as at 55, or by
other suitable fastening means. The contact 54
is preferably mounted in a recess 56 in the base
or back 12, and has a stem portion 58 that ex-
tends through an-opening 60 in the base or back
12. A lug 62 is preferably secured to the contact
94 for making electrical connection to a con-
ductor of an electrical circuit such as 64, which

conductor is shown as-insulated at 66 and con-’

neted to the lug 62 by soldering as at 68.
A thermal-responsive element 10, preferably a

' substantially V-shaped bi-metallic member, has

55

one of the legs of the V -anchored between the
head of the screw 48 and the spacer 44, while the
other leg of the V is similarly -anchored by a
screw 12 and similar spacers, not shown. The
thermal-responsive element extends along the
spring 42, and is substantially parallel theréto.

. The free end of the substantially V-shaped

.60
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thermal-responsive element has a slot T4 therein.
A link 76 has a notch 78 therein, which link is
inserted into the slot 74. As best shown in Fig. 5,

a corner 80 is preferably rounded so that the
link may be easily inserted into the slot T4. .The

link 76 is also notched at 82, and fits into a slot

_in the contact carrying member 26 to effect an

70
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actuating connection between the end "of the
thermal-responsive element and the contact car-
rying member, so that when the thermal-respon-
sive element flexes toward the contact carrying
member, the contact carrying member is actuated
thereby. An opening 84 is provided in the back
or base 12 thru which opening the end of the link
passes when the thermal-responsive element
flexes toward the base. A flexible wire 86 is con-

3,086,755

nected to the contact 32 and to the spacer 46 so
that a positive connection is provided between the
movable contact 32 and the thermal-responsive
element. The connection of an electrical circuit
to the ‘thermai-responsive element is made thru
a wire such as 88 which is connected to the ther-
mal-responsive element by soldering as at 90, or
by other suitable connecting means. The wire 88
is indicated as insulated at 92.

With particular reference to Figs. 6 and 7, the
switch support comprises-an insulating base 100
that serves as a terminal strip, a substantially
U-shaped metallic frame §02 having side walls 104
and {06 and a connecting portion i98, as well as
strips of insulating material 18 and 142 that are
preferably riveted to angularly extending por-

tions {14 and {16 respectively, that are integral
with the side walls 104 and 106. The side walls

104 and 106 have substantially V-shaped notches
{7 and 18, in one end thereof, and substantially

V-shaped notches 120 and 122 in the other ends"

thereof. A movable contact carrying member 124
has knife edges such as (26 disposed. in the
V-shaped notches {IT and {18 to provide a sub-
stantially frictionless pivotal mounting~for the
contact carrying member {24. A movable con-
tact carrying member 128 has knife edges at 130

[
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and 132 that are disposed in the V-shaped notches

120 and 122 to provide a pivotal mounting for
contact carrying member §28. The contact car-
rying members {24 and 128 are connected by a
tension spring {34, which spring holds the con-

30

tact carrying members in position sosthat the '

knife edges rest in their respective notches and
provides a component of force that tends to main-
tain engagement of the contacts. The contact
carrying member 124 has a slot i36 therein in
which one end of the spring (34 is disposed, and
has a hole 138 thru which a hook portion 140 of
the spring passes to connect the spring to the
contact carrying member.
member 128 has a slot 142 therein in which the
other end of the spring is dispos?'g, and has a
hole 144 thru which another hook portion 146
of the spring passes to connect that end of the
spring to the contact carrying member. 128.
One of the thermal-responsive elements 148 is
secured.to the insulating strip 110 by rivets 150,
or other suitable fastening means; and the insu-
lating strip 110 is secured to the frame (02 by
means such as rivets 152, The thermal-respon-
sive element 148 is preferably cut so that it com-
prises adjacent substantially-parallel strips con-
nected in zig-zag fashion to increase the electrical

resistance thereof. The free ends of the thermal- :

responsive element {48 are connected together by
a member 154 that is preferably made of insulat-
ing material, and are secured to the member by
rivets 156, or other suitable fastening means.
The member 154 has an opening 158 therethrough
through which an end portion {60 of a link 162
extends. Another end portion 164 of the link
162 extends through an opening 166 in the con-
tact carrying member 128, so that the link pro-
vides an actuating connection between the end
154 of the thermal-responsive -element 148 and
the contact carrying member {28 to effect actu-
ation of the contact carrying member in one

direction responsive to movement of the end of-

the thermal-responsive element. Another ther-
mal-responsive element {68, similar to the ele-
ment 148 has one end anchored to the insulating
strip.112 by means such as rivets 170, and the
insulating strip 112 is secured to the frame 102
by rivets 172, or other suitable fastening means.

The contact carrying-

40

60

G5

75



2,086,755

The other end of the thermal-responsive element
168 is secured to an insulating member 174 by
means such as rivets 1716. The insulating mem-
ber {74 has an opening 180 therein through which
an end portion 118 of a link 182 extends to pro-
vide an actuating connection between the ther-

. mal-responsive element 168 and the contact car-

10

.15
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rying member 124 similar to the actuating con-
nection between the thermal-responsive element
148 and the contact carrying member 128.

Pins 184 and 186 are secured to contact carry-
ing members 124 and 128 respectively, upon which
pins contact arms 188 and 188 respectively, are
slidably mounted. The confact arms (88 and
190 are resiliently urged toward the contact car-
rying members 124 and 128 by springs (92 and
194 respectively, which springs surround the pins
and are intermediate head portions 196 and (98
on the ends of the pins, and the contact arms.
Contact points such as 200 are mounted on each

"of the contact arms 188 and 150.

Stationary contacts such as 282 are secured
in position for engagement witll the movable eon-
tacts 200 by brackets such as 204, which brackets
preferably extend through openings such as 206
in the insulating base 100, the brackets are se-

* cured to the base 180 by rivets such as 208, or

30

35

40

45

50

65

60

65

70

75

other suitable fastening means.
204 preferably have portions 210 projecting from
the base, which portions have threaded holes
therein for the accommodation of terminal screws
such as 212.

Similar stop members 216 and 218 are secured
to the ends of the hase 100 and -have portions
such as 220 near the ends of the spring 134 against
which the spring strikes when moved toward
the stops by the movement of a thermal-respon-
sive elément. When the spring strikes one of
these stops, its effective length is reduced, and
with continued movement of the thermal-respon-
sive element, the spring is bent over the podrtion
220 of the stop.
through the stop members 216 and 218 and the
base 100 beneath the portion 228 to provide a
screw adjustment for regulating the height of
the portion 220.

A heater element 224 is disposed intermediate
the thermal-responsive elements 148 and (68,
and is preferably in the form-of .5 coil having
‘spaced turns. In the particular form shown in
Fig. 6, the heater coil 224 has an end 226 con-
nected to the thermal-responsive element (68
by a rivet 228 or other suitable fastening means.
The other end 230 of the heater coil 224 is con-
nected to a connecting lug 232 that is provided
by one end of the thermal-responsive element
148. It is understood that this heater element
may, however, be connected to any desired points
in the circuit that provide control responsive to
a particular current. The heater &oil- 224 is not
shown in Fig. 7, and has been eliminated from
that view so that the other parts of the switch
may be more clearly shown.

Terminals 234 and 236 are secured to the base
{00 by rivets 238 and 240 respectively, or other
suitable fastening means. The terminals are
preferably bent so that they project from the
base, and they have screws 242 and 244 threaded
therein to provide connecting terminals for mak-
ing connections to an electrical circuit. The
terminal 246 is provided for making connections
to one end of the thermal-responsive element
168; and a terminal 248 is provided for making
connections to an end of the thermal-responsive
element 148. Insulated copducto'rs 250 and 252

- screw 2

The brackets

Screws such as 222 project .

3

are connected to the terminals 246 and 248 re-
spectively for making connections to an electrical
circuit. Flexible conductors 254 and 256 are pro-
vided- for making connections to the movable
contacts through the contact arms 188 and 189
respectively. As shown in Fig. 8, the conductor
256 has one end soldered to the contact arm (30
at 258, and has its other end intermediate the
22 and stop 220.

With particular reference to Figs. 9 to 14 in-
clusive, a support comprises a basé 260 and a
substantially. U-shaped frame 262 that is se-
cured to the base by a rivet 264, or other cuitable
fastening means. The frame 262 has sides 266
and 268, which sides are provided with inwardly
extending portions 278 and 272 to which a strip
of insulating material 2¥4 is secured by rivets
218, or other suitable fastening means. The
thermal-responsive element 278 has one end
anchored to the insulating strip 274 by means
such as rivets 280. The thermal-responsive ele-
ment 278 is preferably cut so that it has sub-
stantially parallel portions connected in zig-
zag fashion to increase the electrical resistance
thereof, and has terminal portions 282 and 284
integral with the ends thereof. 'The other ends
of the thermal-responsive element 278 are se-
cured to an insulating member 286 by means
such as rivets 288.

The sides 266 and 268 have substantially v-
shaped notches 298 and 292 in the ends there-
of; and upwardly projecting portions 294 and
296, that are preferably integrally formed with
the frame 282, have similar substantial V-shaped
notches 298 and 308 respectively therein. A
movable contact carrying member 302 has knife
edges 304 and 386 that are disposed in the
notches 298 and 298 respectively to provide a
pivotal mounting for that contact carrying
member. A movable contact carrying member
308 has knife edges 3i0 and 3i2 that, in co-
operation with the notches 300 and 292 respec-
tively, provide a pivotal mounting\ for the con-
tact carrying member 308. Springs 314 and 316
have hook portions 3i8 and 320 at the ends
thereof that are disposed in notches 322 and 324
of the contact carrying members 302 and 308
respectively, to connect the springs to the con-
tact carrying members. The springs 3i4 and

316 are preferably tension springs and have !

by
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their other ends anchored, so that they hold the .

contact carrying members in position. Curved
stop portions 326 and 328 are preferably inte-
grally formed with the contact carrying mem-

bers 302 and 308 respectively. When the con- !

tact carrying members 302 and 308 are moved
downwardly, as viewed in the drawings, the
springs 3i4 and 36 strike the stop portions
326 and 328 respectively, so that the effective
lengths of the springs are decreased, and the
springs are bent over the stop portions as the
downward movement progresses.

Contacts 330 and 332 are mounted on the con-
tact carrying members 302 and 308 respectively,
and are movable therewith. Each of the con-
tacts 330 and 332, has a head portion 334, g
stem portion 336 and a smaller stem’ portion
338. 'The smaller stem portions 38 are slidably
mounted in openings 340 in the contact carrying
members 302 and 308, and are long enough to
permit some axial movement of the contacts.
Connecting lugs 342 are secured to the smaller
stem portions 338 of the contacts by soldering or
riveting as at 344, Springs 346 surround the
stem portions 336 intermediate the head por-
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. thermal-responsive element 278.
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~of the heater element to the terminal.

&
tions 234 and the contact carrying members to
urge the head portions 334 away from the con-
tact carrying members. Cooperating stationary
contacts 348 and 350 are secured to brackets
352 and 354 respectively, which contacts are in
alignment for engagement with the contacts
330 and 332 respectively. The brackets 352 and
354 extend through openings 356 and 358 re-
spectively, in the base 260 and have portions
360 and 362 that project from the base to pro-
vide terminals into which terminal screws 364
and 366 are threaded.

A link 368 has projecting tips 370 that ex-
tend through holes 372 in the insulating strip
286, and are bent to secure the link 368 to the
insulating strip 286. The link 368 is notched
so that it has a shoulder 314 that engages one
side of the contact carrying member 302 to ef-
fect movement of the contact carrying member
in one direction in response to flexure of the
The link is
also notched so that it has shoulders 376 and
378 that engage the contact carrying member
308 to effect movement of that contact carrying
member in either direction in response to flexure
of the thermal-responsive element. A heater
element 386 that preferably comprises a resist-
ance wire formed in zig-zag fashion is closely
associafed with "one surface of. the thermal-re-
sponsive element 278, One end of the heater
element 380 is secured and electrically connected
to a terminal 382 that is preferably integrally
formed with the side 266, which terminal has a
screw 384 threaded therein for securing the end
The
other end of the heater element 380 is secured
and electrically connected to the binding post
386 by a screw 388 that is preferably threaded
into the binding post. The binding post 386 is
preferably insulatingly secured to the base 260.

The contacts 330 and 332 are preferably posi-
tively connected to the frame 262 by leads 390
and 392 that are connected to the lugs 342, pref-

erably extend through the springs 314 and 316°

respectively, and are connectéd to the frame
262 as by soldering at 394. The terminal 360,
and the particular switch shown in the draw-
ings, is connected to the end 282 of the thermal-
responsive element through an insulated wire
396. A terminal 398 that is secured to the base
260 by- a rivet 400 and preferably has a screw
402 threaded therein, as well as insulated wires

'404, 406 and 408 are provided for making elec-

trical connections to the circuit to be controlled
by the switch.

"With particular reference to Fig. 15, the ther-
mal-responsive switch shown is a diagrammatic
representation of the switch shown in Pigs. 9
to 14 inclusive, and reference numerals similar
to those previously used in describing that
switch refer to similar parts that perform similar
functions.  The end 284 of the thermal-respon-

. sive element is connected to one end of an aux-

iliary or starting field winding 410 of a motor 412,
which motor alse has a main field winding 414

" and a rotor 416 that is preferably of the squirrel-

70

cage type. The other end of the starting or
auxiliary field winding 410 is connected to one
end of the main field winding 414 and to a
power supply line wire 418. The other end of

" the main field winding 414 is connected to one

]

end of the heater element 380; while the other
end of the heater element is connected to the
frame 262 of the switch, and thence through the
conductors 390 and 392 to the movable contact

" squirrel cage type.

2,086,755

carrying members 302 and 308, respectively.
The other end 282 of the thermal-responsive ele-
ment is connected to the stationary contact 348,
and the other power supply line wire 420 is con-
nected to the other stationary contact 350.

With particular reference to Fig. 16, a power
supply line wire 4308 is connected to one end of a
starting or auxiliary field winding 432 and to

. one end of a main field winding 434 of a motor

436 having a rotor 438 that is preferably of the
The other end of the auxil-
iary field winding is connected to a stationary
contact 440 of a thermal-responsive switch 442;
while the other end of the main field winding is
connected to one end of a thermal-responsive
element 444 that has one end anchored at 446
and has a contact 448 actuated by the other end
and in alignment for engagement with the con-
tact 440. A heater element 450 has one end
connected to the thermal-responsive element 444

(514

10

20

and its other end connected to a heater element /f
452 of a switch 454, either of which heater ele- |
ments may be separate resistance units or the -

inherent resistance of the thermal-responsive ele-
ments themselves. The other end of the heater
.element 452 is connected to a thermal-responsive
element 456 of the switch 454, which thermal-re-
sponsive element -has one end anchored at 458
and a contact 460 actuated by its other end.
The contact 460 is in alignment for engagement

25"

with a stationary contact 462, which stationary.

contact is connected through a main control

switch 464 to the other power supply line wire

466. The main control switch 464 has a con-
tact 468 and a cooperating movable contact
arm. 470. g |

With particular reference to Fig. 17, a power
supply line wire 480 is connected through a main
control switch 482 to one end of a starting or aux-
iliary field winding 484 and to one end of a main

30
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field winding 486 of a motor 481 having a rotor -

488 that is preferably of the squirrel cage type.

'The main control switch 482 has the contact 490

and a cooperating movable contact arm 492, 'The
other -end of the main field winding 486 is con-
nected to a movable contact arm 494.of an elec-
tromagnetically actuated switch 496, and the
movement of the contact arm 494 is preferably

. controlled by a dash-pot 498. 'The other end of

the auxiliary field winding 484 is connected to'a
‘stationary contact 500 that is in alignment for
engagement with the contact arm 494. An elec-
tromagnet 502 is .magnetically associated with
the movable contact arm 494 to actuate the arm,
-and has one end connected to the contact arm
494 and its other end connected to one end of a
heater element 504. The other end of the heater
element 504 is connected to an end of a thermal-

responsive element 506 that is part of a thermal--

responsive switch 508. The heater element 504
may be either a separate resistance unit or the

inherent resistance of the thermal-responsive ele-

ment itself. One end of the thermal-responsive
element 506 is anchored at 510, and the other end
actuates a contact 512 that is in alignment for
engagement with a stationary contact 514. - The
stationary contact 514 is connected to another
power supply line wire 516.

The thermal-responsive switches shown in Figs.
16 and 17 are preferably similar to those shown
in Figs. 1 to 4 or Figs. 9 and 10.

In the operation of the switch shown in. Figs. 1
to 4 inclusive, the contacts 32 and 54 are normally
biased into engagement by a component of the

45
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-force exerted by the spring 42 that is connected 75
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to- the movable contact carrying member 26.
With the particular switch illustrated, the ther-

mal-responsive element 10 is connected in series .

with an electrical circuit, in response to the cur-
rent in which ,circuit the switch is controlled.
It is understood, however, that the thermal-re-
sponsive element may be controlled by the tem-
perature of any desired surrounding medium or
heater element. When the thermal-responsive
element flexes toward the contact carrying mem-
ber 26, that contact carrying member is actuated
through the link 76 to open the contacts. When
the switch is in the contact closed pos1t10n as
shown in Fig. 3, the spring 42 exerts its maxi-

mum force to hold the contacts in engagement. '

Hence, before movement of the contact carrying
member 26 can be effected by the thermal-re-
sponsive ‘element 70, sufficicnt energy must be

“built up in the thermal-responsive element to

overcome the force of the spring 42 and start
movement of the contact carrying member.
When movement of the contact carrying member
is begun, the component of thé force of the spring
42 that resists such movement of the thermal-
responsive element diminishes as the movement
of the contact carrying member progresses. Since
the contact 382 is resiliently mounted, the con-
tacts 32 and 54 remain in engagement for a short
interval of time after movement of the contact
carrying member is started, and since the speed
of movement of the contact carrying member in-
creases with the distance of movement, a quick
or snap break of the contacts is effected.

As the motion of the end of the thermal-re-
sponsive element progresses toward the contact
carrying member, the end of the spring 42 that
is connected to the contact carrying member

moves in the same direction. After a predeter-

mined movement of the end of the spring in that
direction, and after the contacts are disengaged,
the stop portion 52 of the contact carrying mem-
ber engages the spring intermediate the extremi-
ties thereof and acts as a fulcrum about which
the spring is bent upon further movement of the
contact carrying member in the same direction.
This engagement of the stop portion 52 and the

- spring decreases the effective length theéreof, so

50

70

that the spring resists further movement of the
contact carrying member in a manner similating
a constant load or resisting force. The stop por-
tion 52 prevents the axis of the spring 42 from
crossing the pivotal axis of the éontact carrying
member; so that the spring 42 continually re-
sists the movement of the contact carrying mem-
ber in one direction, and effects movement of the
contact carrying member in the other direction
when the thermal-responsive element flexes in
the reverse direction. .

In the operation of the dual switch shown in
Figs. 6 to 8 inclusive, the separate switch units
operate in substantially the same manner as that
described for the switch shown in Figs. 1 to 4 in-
clusive. In this dual switch, however, a single
frame is utilized for supporting the two switches
and a single spring 134 biases the movable con-

tact carrying members of both switches, In the

switches of this dual unit also, the stops 220,
against which the biasing spring strikes, are
mounted on the base 100 and are adjustable, in-
stead of being integral with the movable contact;
carrying members.

In the dual switch shown in Figs. 9 to 14 in-
clusive, both movable contact carrying members
are actuated by a single thermal-responsive ele-
ment. The link that provides the actuating con-
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nection between the thermal-responsive element
and the coniact carrying members is preferably
notched to provide shoulders 374 and 376 that
are not in alignment so that the actuation of the
contact carrying members is effected at different
time intervals, or at different points of fiexure of
the thermal-responsive element. It is under-
stood, however, that the link can be so notched
that it provides a different sequence of operation
of the contacts, or so that they operate ai sub-
stantially the same time.

In the particular form shown, the contaci
carrying member 302 is actuated by the thermal-
responsive element 278 in substantially the same
manner as described for the switch shown in
Figs. 1 to 4 inclusive. That is, the contact carry-
ing member 382 is actuated to a position such
as that indicated in Figs. 11 and 13 without ac-
tuating the contact carrying member 308. Con-
tinued flexing of the thermal-responsive element
in the same direction moves the contact carry-
ing member 802 to a position svch as thai indis
cated in Figs. 12 and 14, and also actuates the
contact carrying member 308 to a position such
as that indicated in Fig. 14. After the contact
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carrying member 302 has been moved 6 the

position indicated in Fig. 13, the thermal-respon-
sive element roust build up sufficient energy to
overcome the resisting force of the spring 316
before movement of the contact carrying member
388 is started. Since, in the form shown, it
is desirable that the contacts 330 and 348 engage
prior to the contacts 332 and 350, the stop por-
tion 326 engages the spring 3{4 before the axis
of that spring crosses the pivotal axis of the
contact carrying member 302; while the stop 328
breferably engages the spring-3i6 at or slightly
beyond the point at which the axis of the spring
crosses the pivotal axis of the contact carrying
member 308, Hence, the shoulder 378 is provided
on the link ‘368 to start the return movement of
the contact carrying member 308.

¥Fig, 15 diagrammatically illustrates the appli-

cation of-the dual switch shown in Figs. 9 to 14-

inclusive, to the control of an electric motor.
In this circuit, the movable contact carrying mem-
ber 302 and the contacts 330 and. 348 control the
starting and running circuits of the motor; while
the contact carrying arm 308 and the contacts
332 and 350 protect the motor against overload,
or some such abnormal condition that might be
harmiul fo the motor. As illustrated, the circuit
shows a split phase type of single phase alter-
nating current motor; although it is understood

" that a similar control circuit might be applied

to other types of motors.

In the operation of the circuit shown in Fig. 15,
the starting or auxiliary field winding current
flows through the thermal-responsive element to
directly effect heating of the thermal-responsive
element; while the main field winding current
flows through the heater element 380 that is
closely associated with the thermal-responsive
element so that the heating of the heater element
380 also heats the thermal- -responsive element.
‘When the motor is not running, the switch con-
tacts are normally in the position illustrated in
Fig. 15. When a source of current is connected
to the motor through the power supply line wires
418 and 420, the circuits are closed to both the
main and auxiliary field windings.
the rotor speed increases in the starting of the
‘motor, the thermal-responsive element is heated
to a sufficient degree that by the time the rotor
has reached a predetermined speed, the thermal-
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reSponsive element has flexed sufficiently to effect
disengagement of the contacts 330 and 348 to
open the circuit to the auxiliary field winding,
thus switching from the starting to the running
circuit of the motor. The heater element 388
is preferably so designed and positioned that the
normal main field winding current at full load,
or less than full load, does not cause flexure of the
thermal-responsive element an amount sufficient
to cause disengagement of the contacts 332 and
350, but it does provide sufficient heat so that the
thermal-responsive element’ remains sufficiently
flexed to maintain the contacts 330 and 348

_in their disengaged position. Such an abnormal
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condition as a sufficient overload on the motor
causes an increase in the main field winding
current that in turn increases the temperature
of the heater element 380, which increase in tem-
-perature flexes the thermal-responsive element
to effect disengagement of the contacts 332 and
350. The disengagement of these latter contacts
opens the -circuit between the main field wind-
ing 414 and the power supply line wire 420 to
stop the motor. The circuit will then remain
open until the thermal-responsive element has

cooled sufficiently that the thermal-responsive

element flexes back to its normal position to per-
mit the contacts to close. If the overload or ab-
normal condition still remains, the motor will
-again be started and stopped in a similar manner.

"It is desirable that the contacts 338 and 348 close

prior to or simultaneously with the contacts 332
and 350, so that the main field winding alone will

"not be connected across the power supply line

wires 418 and 420 when the motor is stopped.

The circuit shown in Fig. 16 operates in a man-
ner similar to that described for Fig. 15, except
that separate contro! switches having separate
thermal-responsive elements are utilized to ac-
complish the starting and overload control. In
this instance, the thermal-responsive elements
differ in characteristics so that the thermal-re-
sponsive element 444 and the heater element 450
effect control of the starting and running cir-
cuits, while the switch 454 remains closed until
some abnormal condition -such as an excessive
overload on the motor occurs. Switches such as
that illustrated in Figs. 1 to 4 inclusive, having
thermal-responsive elements with different op-
erating characteristics are adapted to be used in
a system such as illustrated in Fig. 16.

The circuit illustrated in Fig. 17 operates in a
manner similar to that of the circiit of Fig. 16,
except that-a dashpot controlled magnetic switch
is utilized for controlling the circuit to the start-
ing or auxiliary field winding 484;

~From the foregoing description of the con-
struction and mode of operation of the present
control c\ljevice, it will be apparent that the unit
comprises chiefly a support 10 to which is secured
a stationary contact 54, a movable contact 34
adaptéd to engage ‘the stationary-contact 58,
which movable contact 34 is mounted on a piv-
otally supported contact carrying member 26 and
insulated from the stationary contact 54, a spring
42 anchored at one end and having its other end
47T connected to the contact carrying member 26,
a thermal responsive element 10 anchored at one
end near the anchored end of the spring 42, said
thermal responsive element 10 ‘and spring 42 be-
ing substantially parallel to each other, the piv-
otal mounting 24 for the contact carrying mem-
ber 26 being nearer the end 47 of the spring 42
that is fastened to the contact carrying member
26 than to the other end of the spring, and said
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spring 42 exerting a continuous force against the
movement of the thermal responsive element 70
in one direction, the magnitude of which force
diminishes after movement is started and con-
tinues to diminish until after the contacts 54 and
34 are broken.

In an embodiment of the dual switch, it will
be apparent that the device comprises chiefly a
support 260, stationary contacts 348 and 350 se-
cured to the support 260, movable contact car-
rying members 302 and 308 pivotally mounted at
290 and 298 and 300 and 292 respectively and
having contacts 330 and 332 mounted thereon for
engagement with the stationary contacts 348 and
350 respectively, said contacts 330 and 332 being
electrically insulated from the contacts 348 and
350, a thermal responsive actuating element 2718
anchored at one end at 280 and operatively con-
nected to the contact carrying members 302 and
308 by an intermediate member 368 so that the
contact carrying members 302 and 308 are actu-
ated at different times responsive to the thermal
responsive element 218, and springs 314 and 316
each anchored at one end and having their
other ends connected to the contact carrying
members 302 and 308.

These combinations possess the following ad-
vantages:

1. Quick breaking of the contacts responsive
to a thermal responsive element.

2. Capability of control responsive to current
in a circuit or the temperature of a surounding
medium, or both.

3. Control of a plurality of contacts in a prede-

termined sequence responsive to a thermal re- ¢

sponsive element.

4. Compactness of the assembly.

‘While the embodiment of the present invention
as herein disclosed, constitutes a preferred form,
it is to be understood that other forms might be
adopted, all coming within the scope of the
claims which follow.

‘What is claimed is as follows:

1. A switch comprising, in combination, a sup-
port, a stationary contact secured to the support,
a pivotally mounted movable contact carrying
member insulatingly mounted with respect to the
stationary contact qnd having a contact mounted
thereon for engagement with the stationary con-
tact; a spring anchored at one end and having
its other end connected to the contact carrying
member, a thermal-responsive element anchored
at one end, a link operatively connecting the
other end of the thermal-responsive element to
the contact carrying member so that actuation
of the contact carrying member in one direction
is effected by the thermal-responsive element,
and a stop engaging the spring intermediate the
extremities thereof to shorten the effective length

of the spring after predetermined movement of.

the contact carrying member and spring.

2. A switch comprising, in combination, a sup-
port, a stationary contact secured to the support,
a pivotally mounted movable contact carrying
member insulatingly mounted with respect to the
stationary contact and having a contact mounted
thereon for engagement with the stationary con-
tact, & spring anchored at one end and having
its other end connected to the contact carrying
member, a thermal-responsive element anchored
at one end, a link operatively connecting the
other end of the thermal-responsive element to
the contact carrying member so that actuation of
the contact carrying member in only one direc-
tion is effected by the thermal-responsive ele-
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ment, and a sfop engaging the spring intermedi-
ate the extremities thereof so that the spring

- substantially continuously urges the contact car-

10

rying member toward the thermal-responsive
element. ]

. 3. A switch comprising, in combination, a sup-
port, a stationary contact secured to the support,
a pivotally’ mounted movable contact carrying
member insulatingly mounted with respect to
the stationary contact and having 2 contact
mounted thereon for engagement with the sta-
tionary contacts, a spring anchored at one end
and having its other end connected to the contact
carrying member, a thermal-responsive element
anchored at one end, a link operatively connecting
the other end of the thermal-responsive element

- t0 the contact carrying member so that actuation
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of the contact carrying member in one direction

- is effected by the thermal-responsive element, and

a stop integral with the contact carrying member
for engaging the spring intermediate the extremi-
ties thereof to shorten the effective length of the
spring after predetermined movement of the con-
tact carrying member and spring.

4, A switch comprising, in combination, a sup-

‘port, a stationary contact secured to the support,

a pivotally mounted movable contact carrying
member insulatingly mounted with respect to the
stationary contact and having a contact mounted
thereon for engagement with the stationary con-
tact, a spring anchored at one end and having
its other end connected to the contact carrying
member, a bimetallic thermal-responsive element
anchored at one end near the anchored end of
the spring, said thermal responsive element and
spring being substantially parallel to each other,
the pivotal mounting for said contact.carrying
member being nearer the end of the spring that
is fastened thereto than to the other end thereof,
and said spring exerting a continuous force
against the movement of the thermal-responsive
element in one direction, the magnitude of which
force diminishes after movement is started and
continues to' diminish until after the contacts
are broken, - ’

5. A switch comprising, in combination, a sup-

port, a stationary contact secured to the support,”
_a pivotally mounted movable contact carrying

member insulatingly mounted with respect to the
stationary contact and having a contact mounted
thereon for engagement with the stationary con-
tact, a spring anchored at one end and having
its other end connected to the contact carrying
member, a bimetallic thermal-responsive element
anchored at one end near the anchored end of
the spring, said thermal-responsive element and
spring being substantially parallel to each other,
the pivotal mounting for said contact carrying
member being hear the end of the spring that is
fastened thereto, said spring exXerting a substan-

tially continuous force against the movement of -

the thermal-responsive element to open the con-
tacts, the magnitude of which force diminishes
after movement is started and continues to di-
minish until after the contacts are broken, and
said contact being. resiliently mounted on the
contact carrying member so that the contacts
remain in engagement until after movement of
the contact carrying member is started.

6. A switch comprising, in combination, a sup-
port, a plurality of stationary contacts secured
to the support, a plurality of pivotally mounted
movable contact carrying .members insulatingly
mounted with respect to the stationary contacts
and each having a contact mountéd thereon for
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engagement with one of the stationary contacts,
springs anchored at one end and each having
its other end connected to one of the contact
carrying members, a thermal-responsive element
anchored at one end, a link operatively connect-
ing the other end of the thermal-responsive ele~
ment to the contact carrying members so that
actuation of each of the contact carrying mem-
bers in one direction is effected by the thermal-
responsive element and a stop engaging one of
the springs intermediate the extremities thereof
so that the spring exerts a substantially contin-
uous force on the contact carrying member to-
ward the thermal-responsive element.

“%7. A switch comprising, in combination, a sup-
port, a plurality of stationary contacts secured to
the support, a plurality of pivotally mounted mov-
able contact carrying members insulatingly
mounted with respect to the stationary contacts
and each having a contact mounted thereon for
engagement with one of the stationary contacts,
springs anchored at one end and each having its
other end connected to one of the contact carry-
ing members, a thermal-responsive element an-
chored at one end, a link operatively connecting
the other end of the thermal-responsive element
to the contact carrying members so that actua-
tion of each of the contact carrying members in
one direction is effected by the thermal-respon-
sive element said link effecting actuation of the
contacts at different times, and a stop engaging
each of the springs intermediate the extremities
thereof to shorten the effective length of the
springs after predetermined movement of the
contact carrying members and springs.

8. A switch comprising, in combination, a sup-
port, stationary contacts secured to the support,
first and second contact carrying members each
insulatingly mounted with respect to one .of the
stationary contacts and each having a contact
mounted thereon for engagement with one of the
stationary contacts, first and second springs con-
nected af one end to the first and second contact
carrying members respectively and each having
its other end anchored, a thermal-responsive ele-
ment anchored at one end, a link operatively con-
necting the other end of the thermal-responsive
element to the contact carrying members so that
actuation of each of the comtact carrying mem-
bers in one direction is effected by the thermal-
responsive element, the actuation of the first
contact carrying member in the other direction
being effected by the first spring and the actua-
tion of {he second contact carrying member in
the other dirgction being effected by the second
spring after being started by movement of the
thermal-responsive element transmitted to the
second contact carrying member thru the link.

9. A switch comprising, in combination, a sup-
port, a stationary contact secured to the support,
a pivotally mounted movable contact carrying
member insulatingly mounted with respect to the
stationary contact and having a contact mounted
thereon for engagement with the stationary con-
tact, a spring anchored at one end and having its
other end connected to the contact carrying mem-
ber, a thermal-responsive element anchored at
one end, a link operatively connecting the other
end of the thermal-responsive element to the con-
tact carrying member so that actuation of the
contact carrying member in one direction is ef-
fected by the thermal-responsive element direct-
ly thru the link and actuation of the contact
carrying member in the opposite direction is ef-
fected by the spring after being started by move-
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ment of the thermal-responsive element trans-
mitted thru the link, and a stop engaging the
spring intermediate the extremities thereof to
shorten the effective length of the spring after
movement of the contact carrying member and
spring in cone direction.

10. A switch comprising, in combination, a sup-
port, stationary contacts secured to the support,

pivotally mounted movable contact carrying.

members insulatingly mounted with respect to
the stationary contacts and each having a cofi-
tact mounted thereon for engagement with one
of the stationary contacts, a thermal-responsive
actuating element anchored at one end, an inter-

.mediate member operatively connecting the ther-

mal-responsive element to the contact carrying
members so that the contact carrying members

.are actuated at different times responsive to the

«ithermal-responsive element, and springs each an-

60

chored at one end and having their other ends

connected to the contact carrying members.

11. A switch comprising, in combination, a
base, a thermal responsive element anchored at
one end and having its other end movable due to
flexure of said element in response to tempera-
ture changes; & tension spring anchored near the
anchored end of the thermal responsive element;
means connecting the movable end of the thermal
respensive element to the other end of the.spring;
relatively movable cooperating contacts normally
engaged, one of which is actuated. by movement
of the thermal responsive element; said thermal
responsive element, spring and means -being so
disposed relative to each other that a component
of the force of said spring continuslly urges the
contacts toward their normally engaged position
and such that said component of force of said
spring diminishes as movement of the thermal re-
sponsive element progresses to effect acceleration
of the movement of the thermal responsive ele-
ment._after the component of force is initially
overcome by the thermal responsive element.

12, A switch comprising, in combination, a
base, a thermal responsive element anchored at
one end and having its other end movable from a

normal position due to flexure of said element.

in response to temperature changes; a spring
having one end fixedly anchored; means connect-
ing the other end of the spring to the movable end
of the thermal responsive element; said thermal

responsive element, said spring and said means.

being so disposed with respect to each other that
a component of the force of said spring opposes
movement of the thermal responsive element
from the normal position thereof; said thermal
responsive element, said spring and said means
also being so disposed with respect to each other
that the said component of force diminishes to
effect acceleration of the movement of the ther-
mal responsive element after movement thereof
starts; stop means for arresting movement of the
thermal responsive element away from normal
position and preventing said spring from aiding

‘spring to the other end of the thermal res
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such movement; a pair of cooperating contacts,

one of which is actuated by the thermal respon--
" sive element.

i3. A switeh comprising, in K combination, a
base, a thermal responsive element anchored at
one end and having its other end movable from
a normal position 'due to flexure of said element
in response to’ temperature changes; a spring
having one end fixedly anchored; means connect-
ing the other end of the spring to the movable
end of the thermal responsive element; said ther-
mal responsive element, said spring and said
means being so disposed with respect to each

. other that a component of the force of said spring

opposes movement of the thermal responsive ele-
ment from the normal position thereof; said
thermal responsive element, said spring and said
means also being so disposed with respect to
each other that the said component of force di-
minishes to effect acceleration of the movement
of the thermal responsive element after move-,
ment . thereof starts; stop means for arresting
movement of the thermal responsive element
away from normal position and preventing said
spring from aiding such movement; a pair of 9-
operating contacts, one of which is actuated by
the thermal responsive element, and one of which
contacts moves toward the other during initial
movement toward disengagement.

14, A switch comprising, in combination, a
base; a thermal responsive element; a spring
means anchoring one end of the thermal respon-
sive element and one end of the spring to the
base; means connecting the other end of the

spring to the other end of the thermal responsive s

element so that the spring is tensioned and ex-
erts a component of force against the end of the
thermal responsive element to which it is con-
nected;  a pair of cooperating contacts, engage-
ment of which is controlled by the thermal re-
sponsive element; and stop means for preventing
a reversal of direction of said compcnent of spring
force against the thermal responsive element.

15.- A" switch comprising, in combination, a -

base; a thermal responsive element; a spring;
means anchoring one end of the thermal respon-
sive element and one end of the spring to the
base; means connecting the other end of the
' nsive
element so that the spring is tensioned and exerts
a component of force against the end of the ther-
mal responsive element to which it is connected;
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a pair of cooperating contacts, engagement of -

_which is controlled by the thermal responsive ele-
‘ment; and stop means for preventing a reversal

of direction - of ‘said component of spring force
against theé thermal responsive element, and
means urging one of said_contacts toward the
other during initial movement of the thermal re-
sponsive element against the said component of
sprmg force. - _— ¢

: CALVIN J. WERNER.



