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Ralph G. Arey, Breckton, Mass,, assignor to Texas Instro-
ments Incorperated, Dallas, Tex., a corporation of
_ Delaware
Filed Sest. 2, 1959, Ser. No. 837,754
17 Claims, (CL 200—116)

This invention relates to electrical switch structure, and
more particularly, to thermally responsive switch struc-
tures.

An object of this invention is to provide an improved
switch structure incorporating a new and improved com-
bination of interrelated parts.

A further object is to provide such a switch structure
which accommodates the use . of compressive resilient
biasing means for biasing operating parts thereof.

Another object is to provide such a switch structure
utilizing new and improved thermally responsive means.

Another object is to provide such a switch structure
utilizing a new and improved thermally responsive means
which is ambient compensated.

A further object is to provide a thermally responsive
switch which is also mechanically actuable repeated as
an on-off switch without upsetting the calibration of the
thermally responsive means thereof.

Another object of the invention is to provide such a
switch structure which exhibits improved electrical con-
tact pressure characteristics.

Among the further objects of the instant invention are
the provisions of a switch which is durable, accurate,
reliable in operation, compact, easily calibratable, versatile
and susceptible to varying electrical ratings in diverse
applications, which embodies a minimum number of parts,
and which is simple in construction and economical o
manufacture.

Other objects will be in
pointed out hereinafter.

The invention accordingly comprises the elements and
combinations of elements, features of construction, and
arrangements of parts which will be exemplified in the
structures hereinafter described, and the scope of the
application of which will be indicated in the appended
claims.

In the accompanying drawings, in which one of the
various possible embodiments of the invention is illus-
trated: .

FIG. 11is a view, with parts broken away, of a thermally
responsive electrical switch embodying the instant in-
vention and showing the parts thereof in retracted con-
tacts-cpen position, one part of the two-part casing being
removed and certain of the parts being shown in section;

FIG. 2 is a top plan view on an enlarged scale, of the
thermally responsive member of the switch;

FIG. 3 is a sectional view taken on line 3—3 of F1Gg. 24

FIG. 4 is a sectional view taken on line 4—4 of FIG. 3;
and

FIGS. 5, 6 and 7 are fragmentary views of a portion
of the switch as shown in FIG. 1, certain of the partts
being shown in full lines and in broken lines at intermedi.
ate positions during operation thereof,

Similar reference characters indicate corresponding
parts throughotit the several views of the drawings,

The instant application constitutes a continuation-in-
part of my earlier filed copending application, Serial No.
732,550, filed May 2, 1958, now matured as U.S. Patent
No. 2,912,546, issued on November 10, 1959,

Certain features of the instant application are or may
be identical to those corresponding features in the above-
mentioned copending application, which have the same
reference numerals,

part apparent and in part
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Referring to FIG. 1, an electrical switch embodying the
instant invention is shown taking the form of a circuit
breaker generally indicated by the reference numeral 2.
The switch includes a base or casing 22, which carries
a bushing 28 having a hexagonal flange 39 mating with
a correspondingly shaped recess provided by the casing
22. Mounted for slidable movement within and along
bushing 28 is a member 32 forming part of the resetting
means 34 of the switch. Resetting means 34 further in-
cludes a stem 36 extending through apertures provided by
member 32, a push button member 38 and a flanged
collar 40. The flange carried by collar 40 seats against
a shoulder 42 provided by push button member 38, stem
36 is headed over against the adjacent end of collar 40,
and stem 3¢ provides a shoulder 44 bearing against the
adjacent portion of member 32 whereby the stem and
members 32, 38 and 40 are fixed with respect to each
other. Push buiton member 38 provides an annular abut-
ment 43 engageable with the adjacent end of bushing 28
to limit downward movement of the push button as viewed
in FIG. 1. An annulus or band 456 of a color contrasting
with that of push button member 3¢ and bushing 28 is
biased against the adjacent portion of push button mem-
ber 38 by a compression spring 48 having one end abut-
ting band 46 and the other end abutting an internal shoul-
der 58 provided by bushing 28. Bushing 28 is externally
threaded at 52 for the reception of a nut or nuts (not
shown) for mounting the switch on a support.

Stem 3§ carried by member 32 includes an extension
84 having a flange or stop 56. Resetting means 34 fur-
ther includes a member 58 having an aperture 59 through
which extension 54 extends whereby member 58 is slid-
ably mounted on the extension. Compressive resilient
biasing means in the form of a compression spring 690
is disposed about the stem extensicn 54 and resiliently
biases member 58 against stop 56 and away from mem-
ber 32. Aperture 59 provided by member 58 has a sub-
stantially larger diameter than the outside diameter of stem
extension 54 whereby member 58 has a loose, unconfined
fit with this extension while the resetting means is in
reset position, as shown in FIG. 5. Aperture 59 includes
a countersink 55 engaged, under the bias of spring 69,
with an interfitting beveled portion 57 provided by stop
36 when the resetting means is in the retracted position
shown in FIG. 1. Resetting means 34 provides an an-
nular abutment 61 and is movable from the position
shown in FIG. 1 to the position shown in full lines in
FIG. 5 to move a thermally responsive unit 262 from
contacts-open to contacts-closed position as will be more
fully described.

The electrical switch structure thus far described is
substantially .ideatical to that disclosed in my earlier-
mentioned copending application.

The electrical switch of the instant application differs
from the electrical switch disclosed in my copending ap-
plication substantially only in the nature and construc-
tion of the thermally responsive unit 262 and in all other
respects, is or may be substantially identical with the
switch structure in my earlier-mentioned copending ap-
plication.

Referring now particularly to FIGS. 2-4, thermally
responsive unit 262 includes a spring member 263 which
generally comprises a monometallic spring-type element,
Thermally responsive unit or member 262 further includes
a pair of U-shaped strips 264 and 266, each of which is
formed of electrically conductive material and encloses
each end of spring member 263. Each of electrically con-
ductive U-shaped strips 264 and 266 are electrically insu-
lated from the spring member 263 by means of a layer
of electrically insulating material 268, as best seen in
FIGS. 2 and 3. Insulating material 268 may be any one
of a number of well-known kinds. In any case, insulating
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material 262 is secured to and between each of the U-
shaped strips and its respective end of the spring member
263, Thermaily responsive unit 262 carries a pair of con-
tacts 279 and 272, each of which are respectively elec-
trically connected and secured to the lower surface of
U-shaped strips 266 and 264. Each of U-shaped strips
264 and 266 respectively carries an arm 274 and 278,
which may be integral with the respective U-shaped strip,
as shown. FEach of arms 274 and 276 is provided with a
pair of angularly disposed tabs 278, for a purposc later
to become apparent. Spring member 263 is normally
fiat or bowed upwardly, as seen in the dashed line con-
figuration in FIG. 3, and arms 276 are urged outwardly,
as seen in dashed lines in FIG. 3. Spring 263 is main-
tained in a bowed position which is opposite to its normally
bowed condition (shown in dashed lines in FIG. 3) and
arms 274 are maintained inwardly, as shown in solid lines
in FIG. 3, by a thermally responsive member 280. Ther-
mally responsive element 280 is electrically connected
and fixedly secured, as by welding, at each of its ends
to each of electrically conductive Y-shaped clips 264
and 266, as clearly shown in FIGS. 2 and 3. Thermally
responsive element 280 thus carries cuirent as a bridging
member between contacts 27¢ and 272. Thermally re-
sponsive clement 280, which is exemplarily disclosed as
taking the form of a monometallic cylindrical element
tensionably maintains spring 263 in the bowed condi-
tion shown in solid lines in FIG. 3 against its bias and
thus alsc maintains arms 274 and 276 inwardly, as shown
in solid lines in FIG. 3 against the bias of spring 263.
Thermal element 286 is adapted to expand, upon an in-
crease in temperature thereof, so as to permit arms 274
and 276 to move apart to the dashed line position shown
in FIG. 3 under the bias of spring 263, in which dashed
line position spring 263 will assume its normal flat or
bowed condition. The distal ends of arms 274 and 276
are engageable with abutment 61 provided by member
58 and the surface presented by this abutment is tangential
to the arc traced by said distal ends as the latter move
away from each other upon expansion of said thermally
responsive means 288, as described above.

In many conditions of operation, it may be desirable
that thermally responsive unit 262 be ambient compen-
sated. This can be accomplished by proper selection of
materials for thermally responsive element 239 and spring
member 263 so that the respsctive coefficients of thermal
expansion of these materials are such as to provide am-
bient compensation. The determination of the propet
relationship between the respective coefficients of thermal
expansion of the above-mentioned materials may depend,
at least in part, on such operating conditions of the switch
as for example, the rate of increase or decrease of load
in the circuit, and the range and rate of variation in am-
bient temperature. For example, under a specified range
of ambient temperature operating condition and rate of in-
crease or decrease of load in the circuit, thermally respon-
sive element 280 and spring 263 would preferably be
formed of the same material or of materials which have
substantially identical coefficients of thermal expansion
so as to compensate for changes in ambient temperature.
Spring member 263 and thermally responsive element 289,
by compensating each other for changes in ambient tem-
perature, ensure that relative movement due to increase
in temperature will be reflected substantially only by the
increase in temperature due to the electrical current pass-
ing through the thermal element. Since the device is am-
bient compensated, any motion of a magnitude sufficient
to cause tripping that takes place by arms 274 and 27&
is due primarily to the expansion of the thermally respon-
sive element, through the heating thereof by current pass-
ing therethrough, and not by ambient temperature changes.
Thus arms 274 and 276 will move out of engagement with
the abutment 61 provided by member 58 at the calibrated
value of current flow regardless of changes in ambient
temperature,
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The thermal unit 262 may be calibrated in various ways
which include, varying the length of member 288 between
its points of securement to U-shaped clips 264 and 266;
and varying the electrical resistance by varying the cross-
section of the thermally responsive element; or by varying
the number of thermally responsive elements employed.
It shou'd be understood that it is within the purview of
the instant invention to provide a plurality of thermally
responsive elements 286 secured to U-shaped clips 264 and
2686, either in series or parallel electrical relationship. Or,
if desired, a flat plate-shaped type thermal element might
be employed. 1t should be understood that for a higher
current rating, a thermally responsive element of larger
cross-section, for example, in the shape of a flat ribbon or
strip or a plurality of “hot-wire” elements such as thermal-
Iy responsive element 289 2s illustrated may be employed
either in parallel or series electrical relationship with each
cther.

Referring again to FIG. 1, thermally responsive unit
262 is resiliently biased from the contacts-closed position
(shown in full lines in FIG. 5} to the contacts-open posi-
tion as shown in FIG. 1 by means of a compression spring
84, One end of spring 94 abuts the closed end of 2 socket
95 provided by casing member 22 and the other end of this
spring abuts the closed end of a socket-providing member
§8 which interfits with and is telescopically slidable along
socket 86 whereby member 98 is biased against the adja-
cent portions of U-shaped members 264 and 266 of
thermally responsive unit 262. Casing 22 provides a pair
of abuiments 99, 99 for limiting the extent of movement
of thermally responsive unit 262 from contacts-closed to
contacts-open position by the engagement therecf with U-
shaped members 264 and 269 carried by thermally respon-
sive unit 262.

Casing 22 provides recesses 168 for the reception of
terminals 182 and 164, respectively. Terminal 162 carries
2 fixed contact 1906 for cooperation with movable contact
579 and ferminal 164 carries a fixed contact 108 for co-
operation with movable contact 272, As is apparent from
the drawing, thermally responsive unit 262 provides a
bridging member electrically connecting contacts 166 and
188 when the thermally responsive unit is in the contacts-
closed position as shown in FIG. 5.

1t will be noted that member 98, thermally responsive
unit 262, and members 58 and 32 are prevented from ro-
tation about their respective axes and with respect to the
casing by the engagement of respective surfaces thereof
with the adjacent portions of the casing.

Referring to FIG. 1, it will be apparent that the marginal
edges presented by the thermally responsive unit 262 en-
gage the adjacent surfaces of the casing to prevent undue
lateral shifting thereof as well as to prevent rotation there-
of. In addition, push buttom member 38 is prevented
from rotating relative to member 32 by means of a 1ib
116 integral with and projecting from member 32 into an
interfitting recess 118 provided by member 38.

Switch 20 further includes a pair of latch spring mem-
bers 128, 129 for retaining member 32 and the parts fix
with respect thereto in reset position until released as will
be more particularly described. Each of latch members
125 includes & leg 122 disposed in a recess 124 provided
by casing members 24 and 26 whereby the latter are
mounted on the casing. Fach of latch members 129
further includes a second leg 128 having a return-bent
portion or corner 128 engageable with an angularly dis-
posed abutment 130 provided by member 32. In addition,
each of legs 126 of the latch members 120 provides a cam
surface 132 for co-operation with angularly disposed tabs
278 of the arms 274 and 276 provided by the thermally
responsive unit 262.

The operation of circuit breaker 20 will now be de-
scribed. With the parts in the respective positions shown
in FIG. 1, thermally responsive unit 262 is in the re-
tracted, contacts-open position, member 88 is in the
retracted position and biased by spring 68 against the
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stop 56 provided by the extension 54 of stem 36, and
member 32, along with the parts fixed with respect there-
to, is biased to the retracted position under the bias of
compression spring 48 whereby band 46 which is formed
of a color contrasting with that of push button member
38 is visible from outside the casing. Push button 38 is
depressed to the advanced or reset position whereby the
parts take the respective positions showa in full lines in
FIG. 5. As movement of push button member 38 from
the position shown in FIG. 1 to that shown in FiG. 5
ensues, the abutment 61 provided by member 58 moves
into engagement with the distal ends of each of arms 274
and 276 provided by thermally responsive unit 262. Con-
tinued movement of push bution 38 results in continued
compression of spring 48, outward deflection of latch
spring arms 126, 126 due to movement of member 33
against and slidably along these arms, and movement of
the thermally responsive unit to the contacts-closed posi-
tion shown in full lines in FIG. 5. It will be noted that
movement of thermally responsive unit 262 to the con-
tacts-closed position shown in FIG. 5 occurs against the
resilient bias exerted by compression spring 94. With
further movement of push button 38 to the reset position
shown in FIG. 5 after engagement of movable contacts
276 and 272 with fixed contacts 196 and 148, member
58 is prevented from further downward movement and
compression spring 68 is compressed as member 32 con-
tinues movement with the push button. Just before the
shoulder 48 provided by push button 38 comes into en-
gagement with the adjacent portion of bushing 52 to limit
downward movement of the push button and the parts
fixed with respect thereto, legs 126, 126 of latch spring
members 120, 126 move under their inherent resilient
bias into engagement with angularly disposed abutment
138 provided by member 32. When push button 38 is
released, latch members 126, 120 retain member 32 and
the parts fixed with respect thereto against the bias of
springs 60 and 48 tending to move the member 32, push
button 38, etc. from the reset position to the retracted
position. With the parts in the reset, contacts-closed posi-
tion shown in FIG. 5, member 58 retains thermally re-
sponsive unit 262 in the contacts-closed, advanced position
under the bias exerted by compression spring 68. It may
.be noted at this point that none of the force exerted by
compression spring 48 is transmitted to or directly affects
the forces on or action of the thermally responsive unit
262,

With the parts in the contacts-closed, reset positions
shown in FIG. 5, an electrically conductive path is
established leading from terminal 182 through, in suc-
cession, contact 196, contact 279, the thermally responsive
clement 288, contact 272, contact 108 and terminal 164,
Upon the flow of current of sufficiently high values along
the electrically conductive path just described, thermally

responsive elements 286 is heated by the current passing °

therethrough and expands and permits arms 274 and 275
to move outwardly under the bias of spring 263 which
moves to a flat or an upwardly bowed position, as shown
in the broken line positions in FIG. 3. When the ther-
mally responsive member 289 expands, as described
above, and the arms 274 and 276 move outwardly to the
broken-line position shown in FIGS. 3, 5 and 6, the distal
ends of arms 274 and 276 move out of engagement with
abutment 6% provided by member 58 to the broken-line
position shown in FIGS. § and 6; member 58 moves to
the broken-line position shown in FIG. § under the bias
of spring 62 and thermally responsive unit 262 is no
longer restrained in the contacts-closed position and im-
mediately begins movement . to the contacts-open, re-
tracted position shown in FIG. 1 under the resilient bias
exerted by compression spring 94. Referring to FIG. 6,
as thermally responsive unit 262 moves toward the con-
tacts-open position from the contacts-closed position,
angularly disposed tabs 278 provided by each of arms
274 and 276 move into camming engagement with cam
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surfaces 132, 132 provided by legs 126, 126 of latch
spring members 128, 126. Under the kinetic energy of
spring 94 and the thermally responsive unit 262, tabs 278
strike and cam arms 126, 126 away from each other re-
leasing portions 128, 128 of arms 126, 126 from angular
abutment 13¢ of member 32 whereby member 32 and the
Dparts fixed with respect thereto quickly move to the re-
tracted position shown in FIG. 1.

Immediately after tripping of circuit breaker 20 from
the condition shown in FIG. 5 to the condition shown in
FIG. 7, thermally Tesponsive unit 262, as shown in FIG.
7, will still be heated and, due to the expansion of the
thermally responsive elenmient 28¢, arms 274 and 276 will
be disposed in the outwardly displaced positions shown in
FIG. 7. Accordingly, upon depression of push button
38 from the retracted position shown in FIG. 7 while the
thermally responsive element 289 is still in the heated
condition and therefore arms 274 and 276 are still de-
flected outwardly as shown in this figure under the bias
of spring 263, downward movement of member 38 fails
to bring abutment 61 into engagement with the distal ends
of arms 274 and 276 whereby the thermally responsive
unit 262 remains in its refracted, contacts-open position.
This feature is advantageous in that movable contacts
279 and 272 cannot be closed against fixed contacts 106
and 168, respectively, on the fault which caused tripping
of the circuit breaker until the thermally responsive ele-
ment 289 has cooled for a sufficient time interval and has
coantracted so as to bring arms 274 and 276 into alignment
for engagement by abutment 61, Also, upon depression
of the push button from retracted to advanced position
while the thermally responsive element is still in the ex-
panded condition as shown in FIG. 7, arms 274 and 276
retain latch spring members 126, 126 out of latching en-
gagement with abutment 13¢ of member 33 whereby the
latter member and the parts carried thereby are free to
move from advanced to retracted position under the bias
of spring 48 upon the release of the push buiton.

Upon cooling of the thermally responsive element 238,
the latter will contract and tensionably urge spring mem-
ber 263 from its normally flat or bowed position shown in
the dashed lines of FIGS. 3 and 5 to a bowed condition of
opposite configuration as shown in solid lines in FIG, 3
and move arms 274 and 27§ against the bias of the spring
263 to a condition wherein the disial ends of the arms are
engageable with abutment 61, which positions and condi-
tions are shown in FIG. 1 whersin the device is ready for
resetting of the circuit breaker as just described.

Circuit breaker 2§ is further capable of being manually
actuated for use as an on-off electrical switch, In this
regard, with the paris in the reset, contacts-ciosed posi-
tions as shown in FYG. 5, push buiton member 38 may be
grasped and forcibly pulled outwardly toward retracted
position whereby the reaction of angularly disposed ledge
138 of member 32 against portions 128, 128 of latch
members 128, 120 forces legs 26, 126 outwardly and
away from each other whereby member 32, the parts fixed
with respect thereto and member 58 move to their re-
tracted positions, and the contacts 273 and 272 carried by
thermally responsive unit 262 are separated from their
mating contacts 106 and 108 under the resilient bias
exerted by compression spring 94 against the thermally
responsive unit.

As noted above, the latching forces exerted to retain
member 32 and the parts fixed with respect thereto in the
reset position are independent of the forces on thermally
responsive unit 262. This is advantageous in that repeated
latching and unlatching due to manual on-off switching of
the circuit breaker does not upset calibration of the
thermally responsive unit,

Circuit breaker 28 is “trip-free” in that thermally re-
sponsive unit 262 cannot be retained in contacts-closed
position by forcibly retaining push button 38 in the ad-
vanced position upon the occurrence of a current overload
through thermally responsive element 280, If member 32



3,022,

7

is restrained in the advanced position by forcibly holding
push button 33 in the depressed, advanced position when
the thermally responsive element 280 expands sufficiently
to permit disengagement under the bias of spring 2863 of
the distal ends of arms 274 and 276 with abutment 61,
the thermally responsive unit 262 will move to contacis-
open position under the bias of spring 94 (member 32
will, of course, remain in the advanced position) and
member 58 will move away from member 32 and against
stop 56 of stem extension 54 (Irom the full-line positicn
shown in FIG. 5 to the broken-line position of FIG. 5 and
full-line position of FIG. & uader the bias of spiing &4.
TIG. 6 shows the respective positions of the parts afier
tripping of thermally responsive unit 282 {rom contacts-
closed to contacts-open position while member 32 and the
push button are forcibly retained in the advanced, con-
tacis-closable position, 1t will be noted frem FIGS. ¢
and 7 that members 22 and 58 will then move to retracte
position under the bias of spring 48 upon release of the
push button, this being because the tabs 278 carried by
arms 274 and 276 retain latch spring member 128, 12¢ in
unlatched position with respect to member 32 until iher-
mally responsive umit 262 cools to the contacts-closable
condition as shown in broken lines in FIG. 7.

1t will be noted (see FEGS. 3 and 5) that when the ther-
mally responsive unit 282 is in the contacis-closed positicn
and thermally respomsive element 283 expands due 1o
increased temperature thereof generated by the current
flowing therethrough, U-shaped clips 284 and 266 and
contacts 272 and 278 respectively carried thereby tend to
move downwardly under the bias of spring 263 as it tends
to return to its normal configuration (as shown in the
dashed lines in FIGS. 3 and 5). Since movable contacts
278 and 272 are in engagement respectively with station-
ary contacts 156 and 108, the movable contacts, when in
this condition, will respectively pivot thereabout and in-
crease contact pressure therebetween at the time when
arms 274 and 276 begin to move outwardly to disengage
the distal ends thereof from abutment 61 to cause tripping
of the device. Compression spring 94 acis agaiast the
portion of the spring member 263 thermally responsive
upit 262 between contacts 27¢ and 27% on a line substan-
tially perpendicular to a line connecting the latter con-
tacts and the thermally responsive element 286 by ex-
panding upon heating thereof in a direction to permit said
portion to move upwardly uader its bias to assuine its
normal bowed position of spring member 263 (as shown
in the dashed lines of FIG. 3) results in decreasing the
deflection of spring 84. Spring 94 is of conventional form
which follows Hooke's Law in that the force exerted
thereby is directly proportional to the defiection thereof.
1t will be clear that spring 94 need not follow Hooke's
1.aw for the beneficial resuli to be pointed out following,
but only that the force exerted thereby decrease with de-
crease in deflection thereof (and vice versa). Furthex-
more, it will be clear that the force exerted by member 58
of resetting means 34 under the bias of compression spring
&0 acts against the thermally responsive unit 262, Since
abutment 61 presents a surface tangential to the arc traced
by the distal ends of arms 274 and 276, upon heating and
expansion of said thermally responsive element, the force
exerted against thermally responsive unit 262 by member
58 under the bias of spring 6§ remains constant, and any
decrease in the force exerted by spring 94 is refiected by
an increase in the pressure between contacts 270186
and 272—108, respectively. It will be clear, therefore,
that so long as the force exerted by member 58 against
thermally responsive unit 262 under the bias of compres-
sion spring 60 does not decrsase as thermaily responsive
element 288 expands to permit arms 274 and 276 to move
1o their disengaged, broken-line positions shown in FIG. 5,
and since any expansion of spring 94 to accommaodate
such motion of the thermally responsive element can
result only in a decrease in the force exerted by the latter
spring with a concommitant increase in the pressure
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8
exerted by confacts 278 and 272 respectively against con-
tacts 106 and 168, no decrease in the pressure between
the Iatter respective contacts will occur during this interim
movement of the thermally responsive element until the
distal ends of arms 274 and 276 move out of engagement
with abutment 61 for release of the thermally responsive
member to contacts-open position.

As arras 274 and 276 move away from each other upon
expansion of thermally respomnsive clement 288 due to
heating of the latter when the parts are in the full-line,
contacts-closed position shown in FIG. 5, it is likely, or
possible at least, that one of these arms will move out
from engagement with abutment 6% slightly before the
other. The result will be that member 58 will tiit about
the point of engagement of said other arm and abutiment
&1 and move laterally relative to exiemsicn 54 under the
force couple effected by the bias of springs €¢ and 94.
This tilting and lateral movement of member 58 is per-
mitted by virtus of the clearance as described above be-
tween the surface of member 58 defining aperture 59 and
the outer surface of siem extension 54, This tilting and
lateral movement of member 58 permits disengagement of
said other arm from abutment 6% and movement of ther-
mally responsive unit 262 to the retracted contacts-open
position shown in full lines in FIG. 7 promptly upon dis-
engagement of said one arm from abutment 61, Lateral
and pivotal realignment of mermber 58 immediately after
release of thermally responsive unit 262 to the retracted,
contacis-open position is effected when countersunk por-
tion 55 moves into engagement with beveled surface 57 of
stop 56 under the bias of spring 66 thus forcing member
58 back to laterally and pivotally aligned relation with
the remaining parts of the switch. Accordingly, abut-
ment 61 provided by member 58 will be realigned with
the distal ends of arms 274 and 276 upon cooling and
veturn warping of thermally responsive unit 262 from the
full-line position of FIG. 7 to the broken-line and full-
line positions of FIGS. 7 and 1, respectively.

1t should be noted that there can be a considerable
amount of friction developed between the surface of abut-
ment 61 and the distal ends of arms 274 and 276 which
will tend to resist outward movement of arms 274 and
%76 io disengagement with the abutment. The thermal
unit 262 of the instant invention overcomes any con-
tingency that might arise in this regard. The biasing force
of spring 263, when maintained against its bias, as shown
in FIG. 5, by the thermally responsive element 280 is
considerably greater than the force required to overcome
frictional resistance which might be developed between
the engaged surface of abutment 61 and the distal ends
of arms 274 and 276 when in the contacts-closed posi-
tion. Thus, the switch of the instant invention provides
accuracy and renders the effect of varying friction between
the abutment 61 and the distal ends of arms 274 and 276
insignificant with respect to the operating characteristics
of the device because of the excessive force provided by
the spring bias of spring 263.

From the above it is also seen that the switch 20 also
provides accuracy and renders the effect of ambient tem-
perature insignificant with respect to the operating char-
acteristics of the device.

It is also seen from the above that circuit breaker or
switch 26 provides a device which is reliable, compact,
and which is versatile and susceptible to varying electrical
ratings in diverse applications, which embodies a mini-
mum mumber of parts and which is simple in construc-
tion and economical to manufacture,

Another feature of the structural arraugement of the
operating parts of the instant invention is that it lends
itself to the use of compressive resilient biasing means
which provide substantial advantages over tension-type
springs and the like.

In view of the above, it will be seen that the several
objects of the invention are achieved and other advan-
tageous results attained.
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The dimensions of certain of the parts as shown in the
drawings have been modified for the purposes of clarity
of illustration, '

As many changes could be made in the above construc-
tions without departing from the scope of the invention,
it is intended that all matter contained in the above de-
scription or shown in the accompanying drawings, shall
be interpreted as illustrative and not in a limiting sense.
"~ I claim: ’ : i

1. An electrical switch comprising: a base; contact
means on said base; movably mounted means carrying
contact means for engagement with said first-named con-
fact means; manually operable means movably mounted
in said switch for engagement with spaced means on said
movably mounted means to move the latter in response
to movement of said manually operable means, said
spaced means being normally biased toward disengage-
ment with said manually operable means; and thermally
responsive means associated with said spaced means for
maintaining said spaced means against its bias in a con-
dition for engagement by said manually operable means.

2. An electric switch comprising: a base; contact means
on said base; movably mounted means carrying movable
contact means for engagement with said first-named
contact means; manually operable means movably mount-
-ed in said switch for engagement with spaced portions of
said movably mounted means for moving the latter in a
contacts-closing direction in response to movement of said
manually operable means; spring means biasing said
spaced portions to a condition wherein said spaced por-
tions are not-engageable with said manually operable
means; and thermally responsive means associated with
said spaced portions for maintaining said portions against
the bias of said spring means in a condition wherein said
portions are engageable by said manually operable means.

3. An electric switch comprising: a base; contact means
on said base; movably mounted means carrying movable
contact means for engagement with said first-named con-
tact means; manually operable means movably mounted
in said switch for engagement with spaced portions of
said movably mounted means for moving the latter in a
contacts-closing direction in response to movement of
said manually operable means; spring means biasing said
spaced portions to a condition wherein said spaced por-
tions are not engageable with said manually operable
means; and thermally responsive means associated with
said spaced portions for maintaining said portions against
the bias of said spring means in a condition wherein said
portions are engageable by said manually operable means,
said thermally responsive means being electrically con-
nected to said movable contact means and said spring
means being electrically insulated from said movable con-
tact means, whereby at least a portion of said thermally
responsive means is adapted to expand at predetermined
-temperature and current conditions so as to permit said
spaced portions to move out of engagement with said
manually operable means under the bias of said spring
means.

4. The switch as set forth in claim 3 and wherein the
material forming said thermally responsive means and the
material forming said spring means have such coefiicients
of thermal expansion so as to compensate for changes in
ambient temperature.

5. The switch as set forth in claim 3 and wherein the
material forming said thermally responsive means and
the material forming said spring means have substan-
tially like coefficients of thermal expansion to compen-
sate for changes in ambient temperature,

6. The switch as set forth in claim 3 and wherein said
thermally responsive means comprises at least one elon-
gated monometallic element secured to each of said
spaced portions and operative to increase its length in re-
sponse to increase in temperature thereof.

7. An electric switch comprising: a base; contact
means on said base; movably mounted means carrying

[+

10

30

35

40

45

650

55

60

65

70

75

10

movable contact means for engagement with said first-
named contact means, said movably mounted means com-
prising a spring member; electrically conductive means
secured in electrically insulating relation to said spring
member at spaced portions thereof, said electrically con-
ductive means carrying said movable contact means, said
electrically conductive means including a pair of spaced
arms, said spring member biasing each of said arms for
movement relative to each other to vary the spacing
therebetween; thermally responsive means secured at
spaced portions thereof to said electrically conductive
means to limit- said movement of said arms and main-
tain said arms in a first condition against the bias of said
spring member; manually operable means movably
mounted in said switch and normally engageable with
said spaced arms when the latter are in said first condi-
tion for moving said movable contact means in a con-
tacts-closing direction in response to movement of said
manually operable means, said thermaily responsive
means being electrically connected to said movable con-
tact means and at least a portion of said thermally re-
sponsive means being adapted to expand at predeter-
mined temperature and current conditions so as to per-
mit said spaced arms to move relative to each other under
the bias of said spring member to a condition wherein
said arms are not engageable with said manually operable
means. '

8. A thermally responsive device comprising: a spring
member; electrically conductive means operatively asso-
ciated with spaced portions of said spring member in elec-
trically insulated relation therewith, said electrically con-
ductive means being adapted for connection with con-
tact means, said electrically conductive means including
a pair of spaced arms, said spring member biasing each
of said arms for movement relative to each other to vary
he spacing therebetween; and thermally responsive means
electrically connscted and secured to said electrically con-
ductive means for preventing said movement of said arms,
said thermally responsive means being responsive to an
increase in temperature thereof to expand and permit said
arms to move relative to each other under the biag of
said spring member.

9. A thermally responsive device comprising: a spring
member; electrically conductive means operatively asso-
ciated with spaced portions of said spring member in
electrically insulated relation therewith, said electrically
conductive means being adapted for connection with con-
tact means, said electrically conductive means including
a pair of spaced- arms, said spring member biasing each
of said arms for movement relative to each other to vary
the spacing therebetween; and thermally responsive means
electrically connected and secured to said electrically con-
ductive means for preventing said movement of said
arms, said thermally responsive means being responsive
to an increase in temperature thereof to expand and per-
mit said arms to move relative to each other under the
bias of said spring member, said thermally responsive
means and said spring member being formed of mate-
rials having such coefficients of thermal expansion so as
to compensate for changes in ambient temperature.

10. The thermally responsive device as set forth in
claim 9 and wherein the material forming said thermally
responsive means and the material forming said spring
member have substantially like coefficients of thermal ex-
pansion to compensate for changes in ambient tempera-
ture.

11. An electric switch comprising: a base; a pair of
contacts on said base; movably mounted means carrying
a movable pair of contacts for engagement with said first-
named pair of contacts, said movably mounted means
comprising an elongated spring member; a pair of elec-
trically conductive members, each electrically insulated
from and mounted on spaced portions of said spring
member, each of said electrically conductive members
respectively mounting one of said movable contacts, each
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of said slectrically conductive members supporting an
arm, said arms extending in-the same direction and in
opposed relation to each other, said spring member bias-
ing said arms to move in a direction away from each
other; a tensioned thermally responsive element electri-
cally connected and secured adjacent its ends to each of
szid electrically conductive members for preventing said
arms from moving apart under the bias of said spring
member in one condition of said thermally responsive
element, said thermally responsive element, when heated

to a predeterimined amouat by current flowing there-

through, being adapted to expand and permit said arms io
move apart a predetermined amount under the bias of
said spring member; manually operable means movably
mounted in said switch for engagement with said arms
to move said movable contacts therewith in a contacts-
closing direction, said arms, upon moving apaft in rTe-
sponse to expansion of said thermally responsive element
and the bias of said spring member, also moving out of
engagement with said manually cperable means.

12. The switch as set forth in claim 11 and wherein
the material forming szid thermally responsive element
and the material forming said spring member have such
cocflicients of thermal expansion so as to compensate Tor
changes in ambient temperature.

13. The switch as set forth in claimi 11 and wherein
the material forming said thermally responsive element
and the material forming said spring member have sub-
stantially like coefficients of thermal expansion to com-
pensate for changes in ambient temperature.

14. In a switch structure, a base having electrical con-
tact means mounted therein; a movable member, with a
part thereof carrying electrical contact mieans adapted
for engagement with said first contact means; means bias-
ing said member toward a contacts-open position; reset-
ting means movable from a first position to a second posi-
tion, said resetting means including means thereon en-
gageable with spaced portions of said member to move
the latter to and releasably maintain the same in the

contacts-closed position when said resetting means is in °

its second position; means urging said spaced portions
toward disengagement with said resetting means; ther-
mally responsive means associated with said spaced por-
tions for maintaining the latter against the bias of said
urging means in a condition for engagement by said re-
setting means, said thermally responsive mesns being
operable to expand at predetermined .temperature and
currenti conditions so as to psrmit said spaced portions to
move out of engagement with said resetiing means under
the bias of said urging means t6 permit said member to
move to a contacts-open position under the bias of said
biasing means.
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15. In a switch structure, a base having electrical
contact means mounted therein; a movable member, with
a part thereof carrying electrical contact means adapted
for engagement with said first contact means; means
biasing said member toward a contacis-open position;
resetting means movable from a first position to a second
position, said resetting means including means thereon
engageable with spaced portions of said member to move
¢he latter to and releasably maintain the same in the
contacts-closed position when said resetting means is in
its second position; means urging said spaced portions
toward disengagement with said resetting means; ther-
mally responsive means associated with said spaced por-
tions for maintaining the latter against the bias of said
urging means in a condition for engagement by said re-
setting means, said thermally responsive means being
operable to expand at predetermined temperature and
current conditions so as to permit said spaced porticas to
move out of engagement with said resetting means under
the bias of said urging means to permit said member to
move to a contacts-open position under the bias of said
biasing means, said thermally responsive means com-
prising at least one elongated monometallic element elec-
trically connected to said movable contact means and
secured to each of said spaced portions; and said urging
means being electrically insulated from said movable
contact means.,

16. The switch as set forth in claim 15 and wherein
the material forming said thermally responsive means
and the material forming said urging means have such
cocfficients of thermal expansion so as to compensate for
changes in ambient temperature.

17. The switch as set forth in claim 15 and wherein
the material forming said thermally responsive means
and the material forming said urging means have sub-
stantially like coefficients of thermal expansion to com-
pensate for changes in ambient temperature.
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