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This invention relates to circuit breakers which utilize
snap-acting bimetallic elements as the actuating means
therefor.

In circuit breakers of this type, the current being con-
trolled usually passes through a bimetallic element which
has been initially formed into a dished shape. The bi-
metallic element includes superimposed strips of metal
having substantially different thermal coefficients of ex-
pansion. Under normal temperature conditions, the
metal having the higher thermal coefficient of expansion
is on the concave side of the bimetallic element. Heat
is generated in the bimetallic element by the current pass-
ing therethrough, and, as the temperature of the element
progressively increases, the high expanding side thereof
tends to flatten out and eventually reaches a snapping point
when the temperature reaches a value indicating a cur-
rent flow requiring a circuit interruption. The bimetallic
element carries a movable contact which, in the normal
dished condition of the bimetallic element, makes contact
with a stationary contact. When the control tempera-
ture is reached, and the bimetallic element snaps into an
oppositely dished condition, the movable contact is pulled
away from the stationary contact to thereby break the
circuit. Since current then ceases to flow in the bimetal-
lic element, it cools down and will snap back into a cir-
cuit closing position, unless some means is provided to
maintain the circuit breaker open until manually reset.
Sometimes, the smap action characteristics of the bi-
metallic element are such that the element will hold it-
self in its initially snapped condition.

The lowest current to which these bimetallic elements
will respond is a function of the watts it is possible to
dissipate in the bimetallic element itself for a given limit
of desired current flow in the circuit involved. There
are numerous factors to be considered in the design of a
bimetallic snap-acting circuit breaker once the current
limit is specified. Uusually, the lower the current rat-
ing the more difficult it becomes to satisfy many of these
requirements. In this connection, such characteristics
as uniform heating of the portion of the bimetallic ele-
ment controlling the snap action, precisely controllable
snap ‘action characteristics which are independent of the
size or location of the contact or contacts carried by the
bimetallic element, maintenance of a relatively high con-
tact pressure up to the snapping point of the bimetallic
element, compactness, ruggedness, and low cost are some
of the desirable characteristics. Usually, a compromise
must be made with the result that the most beneficial cir-
cuit breaker cannot be obtained.

It is, accordingly, the primary object of the present in-
vention to provide a circuit breaker of the bimetallic
snap-acting type which includes most, if not all, of these
desirable characteristics above outlined, even when de-
signed for low current interruption.

In accordance with the most preferred form of the in-
vention, the bimetallic element has a continuous peripher-
al portion which controls the snap action of the bimetallic
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element and a central contact-carrying portion which does
not significantly affect the snap action characteristics of
the bimetallic element. The central portion of the bi-
metallic element is perforated so as to form a continuous
marginal portion comprising a first pair of opposed
peripheral legs extending the length of the bimetallic ele-
ment and a second pair of opposed peripheral legs bridg-
ing the ends of the first pair of legs. In the center por-
tion of the element, the perforation or perforations form
a pair of long slender fingers extending inwardly in op-
posite directions from one of the pairs of opposed periph-
eral legs. Each of the fingers carries at the distal end
thereof, on the low expanding or convex side of the bi-
metallic element, a contact which normally makes en-
gagement with a corresponding stationary contact car-
ried by a mounting base. The projecting fingers and the
continuous peripheral leg portion of the bimetallic ele-
ment provide long, tortuous resistive paths of current
flow, extending from one of the contacts at the distal
end of one of the fingers to the contact at the distal end
of the other finger and including parallel path portions
formed by opposite peripheral leg portions of the bimetal-
lic element. :

Since the fingers are each connected to the periphery
of the bimetallic element at only one end, they contribute
little to the rigidity of the bimetallic element offered by
the continuous peripheral portion of the bimetallic ele-
ment, and thus have litle effect on the snap action char-
acteristics of the bimetallic element. This means that
the operation of fastening the contacts to the fingers, and
the size or location of such contacts do not appreciably
affect the snap action control characteristics of the bi-
metallic element, which thus may be accurately controlled
in the process of the fabrication of the bimetallic element
before the contacts have been secured thereto. This
construction also provides for uniform heating of the
snap action control portion of the bimetallic element,
namely the peripheral portion thereof. Such uniform
heating is especially difficult to attain in bimetallic ele-
ments having a single movable contact thereon. More-
over, since the contacts are secured to the ends of the
fingers on the sides thereof containing the low expanding
metal, the contact pressure between the stationary and
movable contacts actually increases as the snapping point
of the bimetallic element is approached. This results in
increased contact life and reliability, because it reduces
arcing and chattering of the contacts and renders the cir-
cuit breakers substantially non-responsive to vibrations
or shock forces found in vibrating machines, aircraft and
other similar applications.

Other features of the invention will become apparent
upon making reference to the specification to follow, the
the claims and the drawings wherein:

Fig. 1 is an exploded view of the parts making up a
circuit breaker constructed in accordance with a preferred
form of the invention;

Fig. 2 is a longitudinal, vertical sectional view through
the circuit breaker of the invention, taken along section
line 2—2 of Fig. 3;

Fig. 3 is a horizontal sectional view of the circuit
breaker, taken along line 3—3 of Fig,. 2:

Fig. 4 is a horizontal sectional view of the circuit
breaker taken along section line 4—4 of Fig. 2 with the
bimetallic element removed; and

Fig. 5s an enlarged transverse vertical sectional view
through the circuit breaker taken along section line 5—5
in Fig. 2.

One form of circuit breaker constructed in accordance
with the present invention is generally designated at 10,
and it includes a housing 12 having a base portion 14
and a cover 16, and a bimetallic snap-acting element 18
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carried within the housing 12. Stationary contacts 28
and 22 are secured in spaced apart relation within the
base portion 14 of the housing by terminal studs 24 and 26
and nuts 28 and 36. The base portion 14 has rectangular
recesses 32—34 formed in the top of the end walls 36—38,
respectively, thereof, which recesses receive the similarly
sized and shaped ends of the bimetallic element 18. The
cover 16 has similar rectangular recesses 39 and 4¢ in
the end walls thereof. The recesses 32—34 and 39-—40
confine the bimetallic element 18 against lateral movement
in the housing. The cover recesses 32 and 48 also form
stop shoulders 39’ and 40 against which the normally up-
turned ends of the bimstallic element bear, to force the
central confact-carrying portion of the element into firm
electrical contact with the stationary contacts 2% and 22.
The base portion 14 of the housing additionally has
laterally extending ears 41 and 42 extending from the op-
posite end walls 36 and 38 thereof, the ears being formed
at the upper extremities of these end walls so as to re-
ceive in face-to-face relationship corresponding ears 44
and 46 of the cover portion 16 of the housing. The base
and cover portions of the housing may be secured together
by bolts or screws 48 and 49, respectively, passing through
holes in the cover ears 44 and 46 and base ears 41 and
42,

The bimetallic element 18 is formed of two generally
elongated rectangular superimposed metal strips 5§ and
52 which are secured together as by welding and then de-
formed into a segmental spherical shape by any suitable
metal shaping method. The bimetallic element under nor-
mal temperature conditions preferably has the gemerally
segmental spherical dished shape shown, although the exact
shape may take a wide variety of forms.  The dished
shape and the bimetallic construction thereof give it a
snap acting characteristic. The metal strip 52 on the nor-
mally convex side of the bimetallic strip has a relatively
low thermal coefficient of expansion, and the other metal
strip 50 on the concave side thereof has a relatively high
thermal coefficient of expansion. - For example, the metal
strip 52 may be formed of Invar or the like and the other
metal strip 50 may be formed of brass, copper, nickel,
chromium or iron alloys or the like.

In accordance with the most preferred form of the in-
vention, the bimetallic element 18 is provided with a
generally wide, square, $-shaped through-slot 54 centered
therein, to form a continuous, relatively narrow marginal
portion, including a pair of opposed long and narrow
peripheral legs 56 and 58 and a pair of short and narrow
peripheral legs 68 and 62 along the short sides of the bi-
metallic element, and a central portion including a pair
of long, slender juxtaposed fingers 63 and 64 extending in-
wardly in opposite direction from offset poinis on the
short peripheral legs 68 and 62. The fingers 63 and 64
extend generally parallel to one another and to the longi-
tudinal peripheral legs 56 and 58 and terminate con-
tiguous to but spaced from the short legs from which they
do not extend.

A pair of movable contacts 66 and 68, made of a suit-
able contact material such as platinum alloy, palladium
alloy or the like, are riveted or otherwise suitably secured
to the ends of the fingers 63 and 64 on the low expanding
or normally convex side of the bimetallic element. The
stationary contacts 20 and 22, which may also be made
of a platinum or palladium alloy or other suitable contact
material, are longitudinally and laterally spaced like the
movable contacts 66 and 68 so that the contact pairs
20—68 and 22—66 are in engagement during normal
temperature conditions.

With the construction of the bimetallic element 18 just
described, the snap action characteristics thereof are con-
trolled by the relatively continuous peripheral leg portions
thereof, since the central portion of the bimetallic element
comprised of the fingers 63 and 64 are unconnected at
their ends and therefore free to flex independently of the
peripheral leg portions of the bimetallic element. Thus,
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the size, weight and position of the movable contacts 66
and 68 and the operations performed in securing them to
the ends of the fingers will not significantly affect the snap
action characteristics of the bimetallic element, and the
uitimate snap-acting characteristics of the bimetallic ele-
ment can be closely controlled during the deformation of
the welded strips 56 and 52. Other advantages of the bi-
metallic element construction will be explained in con-
nection with the description of the operation of the circuit
breaker to follow.

The circuit breaker just described is designed particular-
ly as a low ampere circuit interrupter. At any given in-
stant, current flows from one of the contacts 2& or 22 to
the base of the associated finger and then along parallel
paths including the long peripheral legs 56 and 58, which
parallel paths meet near the bass of the other finger where
the current flows to the movable contact at the end there-
of. As the current flows through the relatively long paths
offered by the legs and fingers of the bimetallic element,
heat is generated therein which, due to the substantially
different thermal cosficients of expansion of the metal
sirips 80 and 52 making up the bimetaliic element, causes
fiexing of the peripheral leg and finger portions of the
bimetallic sirip to take place. The flexing of the ends of
the fingers is in a direction which increases contact pres-
sure between the stationary and movable contacts, and
the flexing of the peripheral portion of the bimetallic ele-
ment is in a direction to snap the element into an opposite-
ly dished shape. Until the snapping temperature of the
bimetallic element is reached, the upper ends of the bi-
metallic element bear against the stop shoulders 39" and
49’ formed by the cover recesses 39 and 49 to provide, in
conjunction with the downward flexing of the fingers 63
and 64, firm contact between the contact pairs 26—=68
and 22—66. S

When current flowing through the peripheral leg por-
tions of the bimetallic element reaches the limit for
which the circuit breaker is designed, then the heat de-
veloped in this portion of the bimetaliic element is suffi-
cient to cause the bimetaliic element to snap into the op-
positely dished condition, as shown in dofted lines in
Fig. 2, where the movable contacts are spaced from the
stationary contacts. Because of the above-mentioned di-
rection of flexing of the contact carrying fingers €3 and
64, the contact pressure between the stationary and mov-
able contacts is at a maximum at the snapping point.
This avoids the undesired arcing, chattering and vibration
instability inherent in many forms of snap-acting bimetal-
lic circuit breakers heretofore constructed, wherein the
contact pressure decreases as the snapping point of the bi-
metallic element involved is reached. When the bimetallic

element is actuated into the oppositely dished condition

shown in dotted lines in Fig. 2, then the upper position of
the bimetallic. element fits loosely within the cover 16,
with the side defining walls of the housing base recesses
32 and 34 laterally confining the bimetallic element, as
they do at all times, so that the element assumes definite
consistent positions in its oppositely dished states.

When the movable contacts are spaced from the sta-
tionary contacts, obviously current ceases to flow in the
bimetallic element and the latter cools down. The cir-
cuit breaker shown is constructed so as to automatically
re-close the movable and stationary contacts by a reverse
snapping action. It may be so designed, however, to
maintain the contacts separated until such time as they
are manually set to their closed positions.

Besides the advantages already mentioned above, the
circuit breaker of this invention is very compact, con-
sidering the lengths of the current paths involved. Also,
the heating of the peripheral leg portions of the bimetal-
lic element, which controls the snap action characteristics
thereof, is uniform, since no contact, mounting posts or
other good heat conducting elements are attached direct-
ly to it. Such uniform heating is difficult to obtain with
bimetallic elements having only a single movable con-
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tact thereon and wherein the bimetallic element is se-
cured at one end to a mounting post. Additional ad-
vantages of the circuit breaker of this invention are in
the simplicity, ruggedness and low cost thereof.

It should be understood that mumerous modifications
may be made of the most preferred form of the invention
above described without deviating from the broader
aspects of the invention.

I claim as my invention:

1. A circuit breaker comprising a thin, flexible, snap-
acting bimetallic switch blade element formed by two
superimposed and secured together metal parts having
substantially different thermal coefficients of expansion,
said bimetallic element having a first dished form below
a given control temperature, with the higher expanding
metal on the concave side thereof, and being adapted to
snap into an oppositely dished form above said tempera-
ture, said bimetallic element having a bimetallic snap-
action control portion which controls the snap action
characteristics of the bimetallic element, and a pair of
long slender bimetallic fingers connected at their bases
to said snap-acting control portion and being free to flex
substantially independently thereof, a contact secured
near the end of each of said fingers on the side of the
bimetallic element which fingers, under the heat generated
by current flow therethrough, flex to force the contacts
outward as the bimetallic element deforms from said
first normal dished form toward the snapping position
thereof, said bimetallic element having relatively long
and irregular resistive paths including said snap-action
control portion and said fingers extending between said
contacts, which paths heat up to cause said snap action
control portion and said fingers to deform, and a pair of
stationary contacts which are positionedto make firm
contact with said movable contacts when said bimetallic
element is in said first dished form and which are sep-
arated from said movable contacts when said bimetallic
element is in said oppositely dished form.

2. A circuit breaker comprising a thin, flexible, snap-
acting bimetallic switch blade element formed by two
superimposed and secured together metal parts having
substantially different thermal coefficients of expansion,
said bimetallic element having a first dished form below
a given control temperature, with the higher expanding
metal on the concave side thereof, and being adapted to
snap into an oppositely dished form above said tem-
perature, said bimetallic element having a bimetallic
snap-action control portion which controls the snap ac-
tion characteristics of the bimetallic element, and a pair
of long slender bimetallic fingers connected at their bases
to said snap-acting control portion and being free to flex
substantially independently thereof, a contact secured
near the end of each of said fingers on the low expand-
ing normally convex side of the bimetallic element, which
fingers, under the heat generated by current flow there-
through, flex to force the contacts outward as the bi-
metallic element deforms from said first normal dished
form toward the snapping position thereof, said bimetal-
lic element having relatively long and irregular resistive
paths including said snap-action control portion and said
fingers extending between said contacts, which paths heat
up to cause said smap-action control portion and said
fingers to deform, and a pair of stationary contacts which
are positioned to make firm contact with said movable
contacts when said bimetallic element is in said first
dished form and which are separated from said movable
contacts when said bimetallic element is in said oppo-
sitely dished form, said snap-action control portion being
free of any external connections.

3. A circuit breaker comprising a thin, flexible, elon-
gated snap-acting bimetallic switch blade element formed
by two superimposed and secured together metal parts
having substantially different thermal coefficients of ex-
pansion, said bimetallic element having a first dished
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form below a given control temperature, with the higher
expanding metal on the concave side thereof, and be-
ing adapted to snap into an oppositely dished form above
said temperature, said bimetallic element having a con-
tinuous bimetallic, peripheral, snap-action control por-
tion which controls the snap action characteristics of the
bimetallic element, and a pair of long slender bimetallic
fingers formed integrally with said peripheral snap-action
control portion and extending longitudinally of the elon-
gated bimetallic element within said peripheral snap-ac-
tion portion, said fingers being connected at their bases
to said peripheral snap-action control portion and being
free to flex substantially independently thereof, a con-
tact secured near the end of each of said fingers on the
low expanding normally convex side of the bimetallic
element, which fingers, under the heat generated by cur-
rent flow therethrough, flex to force the contacts outward
as the bimetallic element deforms from said first nor-
mal dished form toward the smapping position thereof,
said bimetallic element having relatively long and irreg-
ular resistive paths including said peripheral snap-action
control portion and szid fingers extending between said
contacts, which paths heat up to cause said peripheral
snap-action control portion and said fingers to deform,
and a pair of stationary contacts thereon which are
positioned to make firm contact with said movable con-
tacts when said bimetallic element is in said first dished
form and which are separated from said movable con-
tacts when said bimetallic element is in said oppositely
dished form.

4. A circuit breaker comprising a thin, flexible, elon-
gated, rectangular snap-acting bimetallic switch blade ele-
ment formed by two superimposed and secured together
metal parts having substantially different thermal coeffi-
cients of expansion, said bimetallic element having a first
dished form below a given control temperature, with the
higher expanding metal on the concave side thereof, and
being adapted to snap into an oppositely dished form
above said temperature, said bimetallic element having a
continuous bimetallic, peripheral, snap-action control por-
tion which controls the snap action characteristics of the
bimetallic element, and a pair of long slender bimetallic
fingers formed integrally with said peripheral snap-action
control portion and extending longitudinally of the elon-
gated bimetallic element within said peripheral snap-
action portion, said fingers being connected at their bases
to said peripheral snap-acting control portion and being
free to flex substantiaily independently thereof, a contact
secured near the end of each of said fingers on the low
expanding normally convex side of the bimetallic element,
which fingers, under the heat generated by current flow
therethrough, flex to force the contacts outward as the bi-
metallic element deforms from said first normal dished
form toward the snapping position thereof, said bimetallic
element having relatively long and irregular resistive paths
including said peripheral snap-action control portion and
said fingers extending between said contacts, which paths
heat up to cause said peripheral snap-action control por-
tion and said fingers to deform, and a housing made of
insulating material having end recesses forming side walls
for laterally confining said bimetallic element and stop
shoulders for providing bearing surfaces for the ends of
the bimetallic element when in a circuit-closing position,
said bimetallic element being in said housing where it is
mounted for free bodily movement, limited only by said
side walls and stop shoulders, and a pair of stationary
contacts in said housing which are positioned to make
firm contact with said movable contacts when said bi-
metallic element is in said first dished form, the ends
thereof then bearing against said stop shoulders, said
contacts of said bimetallic element being separated from
said movable contacts when said bimetallic element is in
said oppositely dished form.

5. A circuit breaker comprising a thin, flexible snap-



2,887,547

7

acting bimetallic switch blade element formed by two
superimposed and secured together metal parts having
substantially different thermal coefficients of expansion,
said bimetallic element having a first dished form below a
given control temperature with the higher expanding
metal on the concave side thereof, and being adapted to
snap into an oppositely dished condition above said tem-
perature, said bimetallic element having a generally wide
S-shaped through-slot in the central portion of the bi-
metallic element forming a peripheral snap-action con-
trol portion, comprising two pairs of opposed bimetallic
legs extending along the perimeter of the element, and a
contact-carrying central portion, comprising a pair of long
slender fingers extending transversely inwardly in opposite
directions from an opposite pair of said legs, the end por-
tion of said fingers being free to flex independently of the
snap-action control portion of the bimetallic element, a
contact secured near the end of each of said fingers on
the normally convex side of the bimetallic element, said
legs and fingers providing resistive paths of current flow
extending from the contact at the end of ome of said
fingers to the base thereof and then along parallel paths
including the other of said legs, which parallel paths meet
at the base of the other finger, where the current flows to
the contact at the end of the latter finger, said paths heat-
ing up under said current flow, to cause said fingers to
deform in a direction which forces the contacts carried
thereby outwardly and to raise the temperature of said
legs to the snapping temperature, in response to current
flow above a given magnitude.

6. A circuit breaker comprising a thin, flexible, snap-
acting bimetallic switch blade element formed by two sup-
erimposed and secured together metal parts having sub-
statinally different thermal coefficients of expansion, said
bimetallic element having a first dished form below a given
control temperature, with the higher expanding metal on
the concave side thereof, and being adapted to snap into
an oppositely dished condition above said temperature,
said bimetallic element having a generally wide S-shaped
through-slot in the central portion of the bimetallic ele-
ment forming a peripheral snap-action control portion,
comprising two pairs of opposed bimetallic legs extending
along the perimeter of the bimetallic element, and a con-
tact-carrying central portion comprising a pair of long
slender fingers formed integrally with said snap-action
control portion and extending transversely inwardly in
opposite directions from an opposite pair of said legs,
the end portions of said fingers being free to flex inde-
dependently of the snap-action control portion of the bi-
metallic element, a contact secured near the end of each
of said fingers on the low expanding or convex side of
the bimetallic element, said legs and fingers providing
resistive paths of current flow extending from the con-
tact at the end of one of said fingers to the base thereof
and then along parallel paths including the other of said
legs, which parallel paths meet at the base of the other
finger where the current flows to the contact at the end
of - the latter finger, said paths heating up under said
current flow, to cause said fingers to deform in a direction
which forces the contacts carried thereby outwardly and
to ‘raise the temperature of said legs to the snapping
temperature in response to current flow above a given
magnitide.

7. A circuit breaker comprising a thin, flexible snap-
acting bimetallic switch blade element formed by two
superimposed and secured together metal parts having
substantially different thermal coefficients of expansion,
said bimetallic element having a first dished form below
a given control temperature, with the higher expanding
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metal on the concave side thereof, and being adapted to
snap into an oppositely dished condition above said tem-
perature, said bimetallic element having a generally wide
S-shaped through-slot in the central portion of the bime-
tallic element forming a peripheral snap-action control
portion, comprising two pairs of opposed bimetallic legs
extending respectively along the perimeter of the bimetal-
lic element, and a contact-carrying central portion com-
prising a pair of long slender fingers extending trans-
versely inwardly in opposite directions from offset points
on an opposite pair of said legs to points. respectively
adjacent the legs which are opposite the legs from which
they extend, the end portions of said fingers being free
to flex independently of the smap-action control portion
of the bimetallic element, a contact secured near the end
of each of said fingers on the normally convex side of the
bimetallic element, said legs and fingers providing re-
sistive paths of current flow extending from the contact at
the end of one of said fingers to the base thereof and then
along parallel paths including the other of said legs,
which parallel paths meet at the base of the other finger
where the current flows to the contact at the end of the
latter finger, said paths heating up under said current flow
to cause said fingers to deform in a direction which forces
the ‘contacts carried thereby outwardly and to raise the
temperature of said legs to the snapping temperature in
response to current flow above a given magnitude.

8. A circuit breaker comprising a thin, flexible, elon-
gated, rectangular snap-acting bimetallic switch blade ele-
ment formed by two superimposed and secured together
metal parts having substantially different thermal coeffi-
cients of expansion, said bimetallic element having a first
dished form below a given control temperature, with the
higher expanding metal on the concave side thereof, and
being adapted to snap into an oppositely dished condition
above said temperature, said bimetallic element having a

" generally wide S-shaped through-slot in the central por-

_ tion of the bimetallic element forming a peripheral snap-
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action control portion, comprising two pairs of opposed
bimetallic legs extending respectively along the long and
short sides of the bimetallic element, and a contact-carry-
ing central portion comprising ‘a- pair of long slender fin-
gers formed integrally with said.snap-action cortrol por-
tion and extending transversely inwardly in opposite di-
rections from offset points on the short pair of said legs
to points respectively adjacent the legs which are opposite
the legs from which they extend, the end portions of said
fingers being free to flex independently of the snap-action
control portion of the bimetallic element, a contact se-

cured near the end of each of said fingers on the low ex-’

panding or convex side of the bimetallic element, said
legs and fingers providing resistive paths of current flow
extending from the contact at the end of one of said
fingers to the base thereof and then along parallel paths
including the other of said legs, which parallel paths meet
at the base of the other finger where the current flows to
the contact at the end of the latter finger, said paths heat-
ing up under said current flow to cause said fingers to de-
form in a direction which forces the contacts carried
thereby outwardly and to raise the temperature of said
legs to the snapping temperature in response to current
flow above a given magnitude.
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