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BIMETAL AND MAGNETIC ARMATURE PROVIDING AN ARC SPLATTER
RESISTANT OFFSET THEREBETWEEN, AND CIRCUIT
BREAKER INCLUDING THE SAME

BACKGROUND

Field
The disclosed concept pertains generally to circuit breaker trip mechanisms
and, more particularly, to such trip mechanisms including a bimetal and a magnetic armature.

The disclosed concept further pertains to circuit breakers including such trip mechanisms.

Background Information

Electrical switching apparatus, such as circuit interrupters, include an operating
mechanism and a trip mechanism, such as a thermal trip assembly and/or a magnetic trip
assembly. For example, the trip mechanism is automatically releasable to effect tripping
operations and manually resettable following tripping operations.

Examples of circuit breakers including trip mechanisms are disclosed in U.S.
Pat. Nos. 5,805,038 and 6,838,961. Such circuit breakers, commonly referred to as "miniature
circuit breakers," have been in use for many years and their design has been refined to provide
an effective, reliable circuit breaker which can be easily and economically manufactured and
tested.

As is well known, circuit breakers of this type include, for example, at least
one set of separable contacts disposed within a non-conductive housing.

Typically, there is a fixed contact coupled to the housing and a movable
contact coupled to the operating mechanism. The operating mechanism includes a movable
handle that extends outside of the housing. Movement of the separable contacts is
accomplished by the operating mechanism. The operating mechanism typically includes
components such as the previously mentioned handle, an operating arm, upon which the

movable contact is disposed, a cradle, and the trip mechanism, such as
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the previously mentioned thermal frip asserably and/or magoetic trip assembly. The
cradle is coupled to a spring and disposed between the trip mechanism and the
operating arm. The components may further include a frame to which the other
components are coupled.

The circuit breaker is magnetically tripped automatically, and
nstantaneously, in response to overload currents above a predetermined value higher
than another predetermined value for a thermal trip. Flow of overload current above
the higher predetermined value through a bimetal induces magnpetic flux around such
bimetal. This flux is concentrated by a magnetic yoke toward an armature. An
overload current above the higher predetermined value generates a magnetic force of
such a strength that the armature is attracted toward the magnetic yoke resulting in the
flexing of & spring permitting the armature to pivot, release the cradle and trip the
circuit breaker open.

Typically, the circuit breaker includes the thermal trip assembly such
as a bimetal assembly. When the circuit breaker is closed, a persistent overload
current of a predeterrined value causes the bimetal to becorne heated and deflect
away from the cradle. The armatare, which is supported on the bimetal by a leaf
spring, 18 carried with the bimetal to release the cradle and trip the circuit breakerin a
well known manner.

The armature includes an armature window having a latching surface
that normally cugages a corresponding latching surface of the cradle. During
fnterruption, when the armature is attracted toward the magnetic voke, the armature
can engage the surface of the bimetal. The armature window can fill with raolten
metal from arc splatier. This can result in the armature being tack welded to the
bimetal.

There is roor for improvement in trip mechanisms.

There 1s also room for improvement in circuit breakers including a trip
mechanism.

These needs and others are met by embodiments of the disclosed
concept in which a magnetic armature has a first side with a surface, an opposite

second side, an opening extending from the first side to the opposite second side of
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the magnetic armature, the opening having a latch surface engaging a latch surface of
an operating mechanism when separable contacts are closed or not tripped open.
During magnetic interraption of current flowing through the separable contacts, the
first side of the magnetic armature engages a bimetal. At least one of the bimetal and
the magnetic armature is structured to provide an offsct between the bimetal and the
surface of the first side of the magnetic armature at the opening of the magnetic
armature.

In accordance with oue aspect of the disclosed concept, a circuit
breaker comprises: separable contacts; an operating mechanism structured to open and
close the separable contacts, the operating mechanisr comprising a latch surface; and
a trip mechanism cooperating with the operating mechanism to trip open the separable
contacts, the trip mechanisto comprising: a bimetal having a first side and an opposite
second side, a magnetic yoke disposed proximate the first side of the bimetal, and a
magnetic armature pivotally connected to the bimnetal and disposed proximaie the
opposite second side thereof, the magnetic armature having a first side with a surface,
an opposite second side, an opening extending from the first side of the magnetic
arrnature to the opposite second side of the magnetic armature, the opening having a
latch surface engaging the latch surface of the operating mechanism when the
separable coutacts are closed or not tripped open, wherein during roaguetic
mtcrraption of current flowing through the separable contacts, the first side of the
magnetic armature engages the opposite second side of the bimetal, and wherein at
least one of the bimetal and the magnetic armature is structured to provide an offset

ctween the bimnetal and the surface of the first side of the magnetic armature at the
opening of the magnetic armature.

As another aspect of the disclosed concept, a trip mechanism is for an
operating mechanmsm of a circuit breaker, the operating mechanism coraprising a latch
surface, the trip mechanism comprising: a bimetal having a first side and an opposite
second side, a magoetic yoke disposed proximate the first side of the bimetal, and a
magnetic armature pivotally connected to the bimetal and disposed proximate the
opposite second side thereof, the magnetic armature having a first side with a surface,
an opposite second side, an opening extending from the first side of the magnetic

armature to the opposite second side of the magnetic armature, the opening having a
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tatch surface structured to engage the latch surface of the operating mechanism,
wherein the first side of the magnetic armature is structured to engage the opposite
second side of the bimetal, and wherein at least one of the bimetal and the magnetic
armature is structured to provide an offset between the bimetal and the surface of the
tirst side of the magnetic armature at the opening of the magnetic armature.

BRIEF DESCRIPTION OF THE DRAWINGS

A full understanding of the disclosed concept can be ganed from the
following description of the preferred embodiments when read in conjunction with the
accompanying drawings in which:

Figare 1 18 an isowetric view of an armature and a bimetal in accordance
with embodiments of the disciosed concept.

Figure 2 is a vertical elevation view of the armature and the bimetal of
Figure 1 during a trip operation in which the armature engages the bimetal.

Figure 3 is a vertical elevation view of an armature and g bimetal in
accordance with another embodiment of the disclosed concept.

Figure 4 18 an isometric view of a bimetal in accordance with another
embodiment of the disclosed concept.

Figures 5 and 6 are isometric views of an armature and a bimetal in
accordance with other embodirnents of the disclosed concept.

Figurc 7 18 an isometric view of a circuit breaker including the armature
and the bimetal of Figure 1.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

As employed herein, the term “nurber” shall mean one or an mteger
greater than one {(f.e., a phurality}.

As emnployed herein, the statement that two or more parts are
“connected” or “coupled” together shall mean that the parts are joined together cither
directly or joined through one or more intermediate parts.

The disclosed concept is described in association with a single pole
circuit breaker, although the disclosed concept is applicable to a wide range of circuit
breakers having any number of poles.

Figure | shows a magnetic armatare 2 and a bimetal 4 of a circuit breaker

i d
>
/

trip mechanism 6 (also shown in Figure 7). The armature 2 includes an opening, such as
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the example armature window 8, an armature pivot point 10, and an armature spring 12.
The armature 2 pivots on a pivot path 13 determined by the armature pivot point 10.
During a trip operation, arc splatfer can enter the armature window 8 in the divection 14,

The bimetal 4 has a first side 16 and an opposite second side 18, A
magnetic voke 19 (shown in Figure 7) is disposed proximate the bimctal first side 16.
The armature 2 is pivotally connected to the bimetal 4 by the armature spring 12 and s
normally disposed proximate the bimetal opposite second side 18, The bimetal 4 may
fnclude an optional calibration bump 20.

The armature 2 has a first side 22 with a surface 23 (shown in Figure
2}, an opposite second side 24, and the example armature window & extending from
the first side 22 to the opposite second side 24 of the armature 2. The armature
window & has a latch surface 28 that engages a latch surface 30 (Figure 7) of an
operating mechanism 32 (Figure 7) when separable contacts 34 (Figure 7} are closed
or not tripped open.  During magnetic interruption of current flowing through the
separable contacts 34, the armature first side 22 engages the bimetal opposite second
side 18 as shown in Figure 2. At least one of the bimetal 4 and the armature 2 is
structured to provide an offset between the bimetal 4 and the surface 23 of the
armature first side 22 at the armature window 8, as will be explained.

As shown in Figare 2, the bimetal opposiie second side 18 includes a
depressed pocket 26 facing the armature first side 22 at the armature window §.
During magnetic tripping, the armature 2 can lay flat on the bimetal 4. When there 15
molten metal (not shown) inside the armature window ¥ from arc splatter entering the
same in the direction 14 (Figure 1), the molien metal could otherwise touch the surface
of the bimetal 4. The example depressed pocket 26 requires that the molten metal
must span a corresponding suitable offset distance provided by the example pocket 26
before the armature 2 could weld itself to the bimetal 4. If vot for the example
depressed pocket 26, then the armature 2 could tack weld to the bimetal 4 when the arc
splatter enters the armature window 8 during interruption.

Figure 3 shows the armature 2 of Figure 1 and ancther bimetal 47, which
is somewhat sirnilar to the bimetal 4 of Figures 1 and 2. Here, however, instead of the
depressed pocket 26 and the optional calibration bump 20 of Figure 2, the bimetal 4

o

mnchudes an opening 38 (shown in hidden line drawing) extending from a first side 167
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to an opposite second side 187 of the bimetal 47 at the armature window 8. Since there
is no calibration bump 20 on the bimetal 47, a bimetal calibration function, which 15 not
part of the disclosed concept, is relocated to a suitable molded feature (not shown) at the
bottorm (with respect to Figure 3) of the imetal 47, For example and without Hmitation,
there needs to be safficient room to allow the armature 2 to rotate out of the way and
release the cradle 52 (Figure 7) in order that the circuit breaker 46 (Figure 7} can trip.
The calibration bump 20 (Figure 2) maintains the proper clearance to allow the armature
2 tomove as needed. The bimetal 4 can be located against the suitable molded feature
o simulate the calibration bump 20, which acts as a stop for the bimetal to always push
agaiost (o allow clearance for the arature 2 to release the cradle 52, Otherwise, the
armature 2 could be smashed against the bimetal 47 and not have any room to rotate out
of the way for the cradle 52 to trip. The suitable molded feature can be a molded block,
located at the bottom of the bimetal 47, that acts as a stop for the bimetal 47 to rest
against; this allows free rotation of the armature 2 by allowing the cradle 52 to trip free
of the armature 2 during tripping.

Figurc 4 shows another bimetal 477, which is somewhat similar to the
bimetal 4 of Figures 1 and 2. Here, however, instead of the depressed pocket 26 and the
optional calibration bump 20 of Figure 2, the bimetal 47 includes a first side 16" and
an opposite second side 1877, which has a slot 40 facing the armature first side 22 at
the armature window ¥ (Figure 1. The cxample slot 40 across the entire bimetal
sccond side 187 provides a suitable offsct to provent tack welding when arc splatter
enters the armature window X (Figure 1} during interruption.

In the examples of Figures 2, 3 and 4, the offset 1s formed by the
depressed pocket 26, the opening 38 or the slot 40 of the respective bimetals 4,4° 47"

Figure 5 shows the armature 2 of Figure 1 and another bimetal 477,
which is somewhat similar to the bimetal 4 of Figures T and 2. Here, however, instead
of the depressed pocket 26 and the optional calibration bump 20 of Figure 2, the bimetal
4" chudes a first side 1677 and an opposite second side 1877 having a plarality of
projections, such as the example bumps 42, facing and capable of engaging the
arrnature first side 22, in order to form and provide the offset. The exarple burmps 42
from the bimetal 477 provide a suitable offSet from the armature 2 to prevent tack

welding when arc splatter enters the anmature window § during interruption.
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Figare 6 shows another armature 2 and another bimetal 47777, which may
be similar to the armature 2 and the bimetal 4777 of Figure 5 except for the example
bumps 42, In Figure 6, the first side 227 of the magnetic armature 27 mcludes a
plurality of projections, such as the example bumps 44, facing and engaging the
opposite sccond side 1877 of the bimetal 47777, in order to provide the offset. The
offset is structured such that the magnetic armature 27 cannot tack weld to the bimetal

rrrs

4”7, The exaraple armature burnps 44 provide the offset from the bimetal 47777 i the
area of the armature window 87 to prevent tack welding when arc splatter enters the
armature window & opening during interruption.

Although bimetal bumps 42 (Figure S} and armature buraps 44 (Figure
6) are disclosed, it will be appreciated that both of the bimetal 4 and the armature 2
can include bumps (not shown) that engage cach other to form the disclosed offset.

Figure 7 shows a circuit breaker 46 including the armature 2 and the
bimetal 4 of Figure 1. The circuit breaker 46 alse meludes the separable contacts 34,
the operating mechanism 32 structured to open and close the separable contacts 34,
and the trip mechanism 6 cooperating with a laich surface 30 of the operating
mechanism 32 to trip opeun the separable contacts 34,

The trip mechanism 6 includes the bimetal 4, the armature 2 and the
magnetic yoke 19, The bimetal 4 forms a thermal trip device that respounds to
persistent low level overcurrents, and the armature 2 and the magnetic yoke 19 form a
magunetic trip device that responds instantancously to relatively higher overload
currents. The bimetal 4 is coupled at a first {upper with respect to Figure 7Y end to a
trame assembly 48. The magnetic yoke 19 18 a generally U-shaped member secured
to the bimetal 4 at a bight portion of the magnetic yoke 19 with the legs thereof facing
the armature 2. The armature 2 is sccured to the supporting armature spring 12 that is
i turn secured to the bimetal 4. Thus, the armature 2 is supported on the bimetal 4 by
the spring 12. The armature window (opening} 8 (Figure 1) through which the latch
surface or ledge 30 on a cradle planar member 52 extends, thereby engaging the edge
of the window ¥. This acts to latch the cradle 52 of the operating mechanism 32 in
closed and non-tripped positions. A first flexible conductor 54 18 sccured at one end
1o a second {lower with respect to Figure 7) end of the bimetal 4 and at the other end

o a terroinal contact pad 56. A second flexible conductor 58 is secured at one end to
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the first end of the bimcial 4 and at the other end thercol to an operating arm
conductor bracket 60. Thus, an operating arm 62 is clectrically coupled with the
biractal 4.

Whilc specific cmbodiments of the disclosed concept have been
described in detail, it will be appreciated by those skalied in the art that various
modifications and alternatives to those details could be developed in hight of the
overall teachings of the disclosure. Accordingly, the particular arrangernents
disclosed are meant to be illustrative only and not limiting as to the scope of the
disclosed concept which is to be given the full breadth of the claims appended and

any and all equivalents thereof.



What is claimed is:

1. A circuit breaker comprising:

separable contacts;

an operating mechanism structured to open and close said separable contacts, said
operating mechanism comprising a latch surface; and

a trip mechanism cooperating with said operating mechanism to trip open said separable
contacts, said trip mechanism comprising:

a bimetal having a first side and an opposite second side,

a magnetic yoke disposed proximate the first side of said bimetal, and

a magnetic armature pivotally connected to said bimetal and disposed proximate the
opposite second side thereof, said magnetic armature having a first side with a surface, an
opposite second side, an opening extending from the first side of said magnetic armature to the
opposite second side of said magnetic armature, said opening having a latch surface engaging the
latch surface of said operating mechanism when said separable contacts are closed or not tripped
open,

wherein during magnetic interruption of current flowing through said separable contacts,
the first side of said magnetic armature engages the opposite second side of said bimetal,

wherein at least one of said bimetal and said magnetic armature is structured to provide
an offset between said bimetal and the surface of the first side of said magnetic armature at the
opening of said magnetic armature,

wherein said bimetal includes an opening extending from the first side of said bimetal to
the opposite second side of said bimetal at the opening of said magnetic armature, and

wherein said opening of said bimetal is larger than the opening of said magnetic

armature.

2. The circuit breaker of claim 1 wherein the opposite second side of said bimetal includes a
depressed pocket facing the first side of said magnetic armature at the opening of said magnetic

armature.

2884946
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3. The circuit breaker of claim 1 wherein the opposite second side of said bimetal includes a

slot facing the first side of said magnetic armature at the opening of said magnetic armature.

4. The circuit breaker of claim 1 wherein the opposite second side of said bimetal includes a
plurality of projections facing and engaging the first side of said magnetic armature, in order to

provide said offset.

5. The circuit breaker of claim 1 wherein the first side of said magnetic armature includes a
plurality of projections facing and engaging the opposite second side of said bimetal, in order to

provide said offset.

6. The circuit breaker of claim 1 wherein said offset is structured such that said magnetic
armature cannot tack weld to said bimetal if arc splatter enters the opening of said magnetic

armature.

7. The circuit breaker of claim 1 wherein said offset is formed by a depressed pocket, a slot

or an opening of said bimetal.

8. The circuit breaker of claim 1 wherein said offset is formed by a plurality of projections

from the first side of said magnetic armature.

9. The circuit breaker of claim 1 wherein said offset is formed by a plurality of projections

from the opposite second side of said bimetal.

10. A trip mechanism for an operating mechanism of a circuit breaker, said operating
mechanism comprising a latch surface, said trip mechanism comprising:

a bimetal having a first side and an opposite second side,

a magnetic yoke disposed proximate the first side of said bimetal, and

a magnetic armature pivotally connected to said bimetal and disposed proximate the
opposite second side thereof, said magnetic armature having a first side with a surface, an

opposite second side, an opening extending from the first side of said magnetic armature to the

2884946

CA 2899773 2019-02-06



11

opposite second side of said magnetic armature, said opening having a latch surface structured to
engage the latch surface of said operating mechanism,

wherein the first side of said magnetic armature is structured to engage the opposite
second side of said bimetal,

wherein at least onc of said bimetal and said magnetic armature is structured to provide
an offset between said bimetal and the surface of the first side of said magnetic armature at the
opening of said magnetic armature,

wherein said bimetal includes an opening extending from the first side of said bimetal to
the opposite second side of said bimetal at the opening of said magnetic armature, and

wherein said opening of said bimetal is larger than the opening of said magnetic

armature.

11.  The trip mechanism of claim 10 wherein the opposite second side of said bimetal
includes a depressed pocket facing the first side of said magnetic armature at the opening of said

magnetic armature.

12.  The trip mechanism of claim 10 wherein the opposite second side of said bimetal
includes a slot facing the first side of said magnetic armature at the opening of said magnetic

armature.

13. The trip mechanism of claim 10 wherein the opposite second side of said bimetal
includes a plurality of projections facing and engaging the first side of said magnetic armature, in

order to provide said offset.

14. The trip mechanism of claim 10 wherein the first side of said magnetic armature includes
a plurality of projections facing and engaging the opposite second side of said bimetal, in order
to provide said offset.

15.  The trip mechanism of claim 10 wherein said offset is structured such that said magnetic

armature cannot tack weld to said bimetal if arc splatter enters the opening of said magnetic

armature.
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16. The trip mechanism of claim 10 wherein said offset is formed by a depressed pocket, a

slot or an opening of said bimetal.

17. The trip mechanism of claim 10 wherein said offset is formed by a plurality of

projections from the first side of said magnetic armature.

18.  The trip mechanism of claim 10 wherein said offset is formed by a plurality of

projections from the opposite second side of said bimetal.

2884946
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