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(54) BREAKER

(57)  The presentinvention provides a circuit breaker
including a fixed element 3 having a fixed contact point
2,amovable element5 tilting in a state of being supported
by a shaft 7 and having a movable contact point 4 which
comes into and out of contact with the fixed contact point
2, and a shunt conductor 10 fixed at one end to a rear
end side of the movable element 5 which is opposite from
the movable contact point 4 with respect to the shaft 7
and connected at the other end with a terminal 9, and
being configured in such a manner that an electromag-

netic force generated by a current flowing in the shunt
conductor 10 and a magnetic flux excited by the current
acts on the movable element 5 so as to cause the mov-
able contact point 4 toward the fixed contact point 2,
wherein the length of the movable element 5 on the rear
end side is set to a length at least twice a distance be-
tween the shaft 7 and the movable contact point 4 in the
horizontal direction, and the one end of the shunt con-
ductor 10 is fixed in contact with the rear end side of the
movable element 5.
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Description
Technical Field

[0001] The present invention relates to a structure of
a circuit breaker.

Background Art

[0002] Various proposals are provided for improving a
power conducting performance between contact points
when a short circuit current is occurred in the circuit
breaker. Forexample, JP-A-6-89650 discloses is a circuit
breaker including a power conducting portion having a
fixed element with a fixed contact point, a movable ele-
mentwith amovable contact point, and a shunt conductor
extending between the movable element and a terminal,
so that a magnetic flux excited by a current flowing in the
shunt conductor and an electromagnetic force generated
by the current causes the movable contact point to move
toward the fixed contact point, wherein a member having
high magnetic permeability is arranged in a magnetic
path of the magnetic flux, so that the magnetic flux passed
through the member having the magnetic permeability is
interlinked with the current. Accordingly, the magnetic
flux is concentrated to the member having high magnetic
permeability and the short circuit current is interlinked
with the magnetic flux concentrated on the member hav-
ing high magnetic permeability, so that the amount of
interlinked magnetic flux is increased, and a force of
pressing the contact points to each other is increased,
thereby improving the power conducting performance.
[0003] However, according to the structure in the re-
lated art described above, it has advantages such that
the electromagnetic force applied between the contact
points increases, a force to press the movable and fixed
contact points againsteach otherisincreased, and hence
the power conducting performance can be improved. On
the other hand, it has disadvantages such that the
number of components increases, and a certain amount
of space is required for installing the member having high
magnetic permeability.

Disclosure of Invention

[0004] Inview of such circumstances, it is an object of
the present invention to enhance a force of pressing be-
tween movable and fixed contact points without increas-
ing the number of components and in a compact state
withoutoccupying alarge space, so astoimprove ashort-
time current carrying capacity of a circuit breaker in case
of occurrence of short circuit currency.

[0005] Inorderto achieve the above-described object,
a circuit breaker according to the present invention is a
circuit breaker including a fixed element having a fixed
contact point, a movable elementtilting in a state of being
supported by a shaft and having a movable contact point
which comes into and out of contact with the fixed contact
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point, and a shunt conductor fixed at one end to a rear
end side of the movable element which is opposite from
the movable contact point with respect to the shaft and
connected at the other end with a terminal, and being
configured in such a manner that an electromagnetic
force generated by a magnetic flux excited by a current
flowing in the shunt conductor and the currentin question
acts on the movable element so as to cause the movable
contact point to move toward the fixed contact point,
wherein the length of the movable element on the rear
end side is set to a length at least twice a distance be-
tween the shaft and the movable contact point in the hor-
izontal direction, and the one end of the shunt conductor
is fixed in contact with the rear end side of the movable
element.

[0006] The invention also provides a circuit breaker in
which each pole includes a fixed element having a fixed
contact point, three or more movable elements tilting in
a state of being supported by the shaft and having mov-
able contact points that come into and out of contact with
the fixed contact point and being arranged in parallel,
and shunt conductors each fixed at one end to the rear
end side of the movable element which is opposite from
the movable contact point with respect to the shaft and
connected at the other end to a terminal, and being con-
figured in such a manner that an electromagnetic force
generated by a magnetic flux excited by a current flowing
in the shunt conductor and the current in question acts
on the movable element so as to cause the movable con-
tact point to move toward the fixed contact point, wherein
the width of the movable elements adjacent to different
poles are narrowed in plan view in comparison with the
widths of the remaining movable elements.

[0007] The invention also provides a circuit breaker in
which each pole includes a fixed element tilting in a state
of being supported by the shaft and having a fixed contact
point, three or more movable elements having movable
contact points that come into and out of contact with the
fixed contact point and being arranged in parallel, and
shunt conductors each fixed at one end to the rear end
side of the movable element which is opposite from the
movable contact point with respect to the shaft and con-
nected at the other end to a terminal, and being config-
ured in such a manner that an electromagnetic force gen-
erated by a magnetic flux excited by a current flowing in
the shunt conductor and the current in question acts on
the movable element so as to cause the movable contact
point to move toward the fixed contact point, wherein the
movable elements adjacent to different poles are shifted
toward the center of a group of movable elements with
respect to the fixed contact points corresponding to the
movable contact points thereof.

Advantages of the Invention

[0008] Since a force that the movable contact points
presses against the fixed contact point is increased, a
compact circuit breaker having a large short-time current
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carrying capacity is achieved.

Brief Description of the Drawings

[0009]

Fig. 1 is a side view of a circuit breaker according to
the present invention.

Fig. 2 is a conceptual drawing showing a portion of
a fixed element and a movable element of the circuit
breaker according to a first embodiment of the
present invention.

Fig. 3 is an enlarged drawing showing a principal
portion of the fixed element and the movable element
of the circuit breaker according to the first embodi-
ment of the present invention.

Fig. 4 is a graph for explaining an operation in the
first embodiment of the present invention.

Fig. 5 is a conceptual drawing showing a portion of
the fixed element and the movable element of the
circuit breaker according to a second embodiment
of the present invention.

Fig. 6 is an enlarged drawing of a principal portion
of the fixed element and the movable element of the
circuit breaker according to the second embodiment
of the present invention.

Fig. 7 shows a plan view (a) and a side view (b) of
a portion of the fixed element of the circuit breaker
according to a third embodiment of the present in-
vention.

Fig. 8 is a graph for explaining an operation in the
third embodiment.

Fig. 9 shows a plan view (a) and a side view (b) of
a portion of the movable element of the circuit break-
er according to a fourth embodiment of the present
invention.

Best Mode for Carrying Out the Invention

First Embodiment

[0010] Referring now to the drawings, embodiments
of the present invention will be described below. Fig. 1
is a cross-sectional side view of a circuit breaker accord-
ingtothe presentinvention; Fig. 2 is aconceptual drawing
showing a portion of a fixed element and a movable el-
ement; and Fig. 3 is an enlarged drawing of a principal
portion in Fig. 2. The circuit breaker according to the
present invention includes a housing 1. In the housing 1,
a fixed element (conductor) 3 having a fixed contact point
2, a movable element 5 having a movable contact point
4 which comes into and out of contact with the fixed con-
tact point 2, a contact arm 6 supported by a shaft 8, a
movable shaft 7 which rotatably supports the movable
element 5, a terminal 9, a shunt conductor 10 that elec-
trically connects the terminal 9 and the movable shaft 7,
a compressing spring 11 provided between the movable
element 5 and the housing 1 for applying an urging force
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to the movable element 5 in the direction of closing the
contact point 5, an opening and closing mechanism 12,
a shaft 13, a separating relay unit 14, and an arc extin-
guish chamber 15.

[0011] Fig. 2 is a conceptual drawing showing specif-
ically a portion of the fixed element 3 and the movable
element 5, and Fig. 3 is an enlarged drawing showing a
principal portion of Fig. 2. These drawings show a state
in which the movable contact point 4 is in contact with
the fixed contact point 2. The shunt conductor 10 for con-
necting the terminal 9 and the movable element 5 is a
flexible conductor having a number of laminated thin cop-
per plates. One end of the shunt conductor 10 is fixed to
the terminal 9 with a screw or the like, and the other end
is fixed to the movable element 5 by a fixing member A.
The fixing member A is normally a fixing screw 20 as
described later. The movable element 5 is a substantially
rod-shaped member which tilts about the shaft 7 as a
fulcrum point, and includes the fixed contact point 2 on
a distal end side (right side in Fig. 2) with respect to the
shaft 7. A rear end side with respect to the shaft 7 (left
side in Fig. 2) is connected and fixed to the shunt con-
ductor 10.

[0012] Connecting and fixed portion between the shunt
conductor 10 and the movable element 5 will be de-
scribed in detail. A distal end portion of the shunt con-
ductor 10 formed of a laminated conductor abuts along
a lower surface of the movable element 5 on the rear end
side, that is, along the plane of the movable element 5
where the movable contact point 4 is provided, and is
fixed by screwing a screw 20 into the movable element
with a reinforcing plate 16 abutted thereto from the lower
side. The distal end portion of the shunt conductor 10 is
firmly fixed between the reinforcing plate 16 and the mov-
able element 5 on the rear end side with respect to the
shaft 7, and has a tight contact electrically with the mov-
able element 5. The reinforcing plate 16 has a length
substantially the same as the length of the distal end
portion of the shunt conductor 10 that is in contact with
the movable element 5.

[0013] A characteristic of the present invention de-
scribed in a first embodiment is that in the configuration
as described above, the distance between a rear end of
the movable element 5 and the shaft 7 is set to a larger
value than the distance between the shaft 7 and the mov-
able contact point 4. More specifically, assuming that D1
represents the distance between a center of the shaft 7
and the movable contact point 4 inthe horizontal direction
and D2 represents the distance between a center of the
shaft 7 and the rear end of the movable element 5, the
distance D2 is equal to or larger than twice the distance
D1.

[0014] When a short circuit current flows from the ter-
minal 9 through the shunt conductor 10, the movable
element 5, the movable contact point 4, the fixed contact
point 2 to the fixed element 3, a magnetic flux is excited
by this current, and an electromagnetic repulsive force
is generated between the shunt conductor 10 and the
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terminal 9 by the magnetic flux and the above-described
current. This electromagnetic repulsive force acts on the
movable element 5 so as to press the movable contact
point 4 against the fixed contact point 2 about the shaft
7 as a center of rotation. On the other hand, a repulsive
force generated by an electromagnetic force (hereinafter,
it is referred to as contact point repulsive force in order
to differentiate the same from the electromagnetic repul-
sive force which acts between the terminal 9 and the
shunt conductor 10) acts between the movable contact
point 4 and the fixed contact point 2, and a force to weak-
en a press contact between the movable contact point 4
and the fixed contact point 2 is applied thereto. However,
by setting the value of D2 to a distance equal to or larger
than twice the distance D1, a moment about the shaft 7
generated by the distance D2 significantly exceeds a mo-
ment about the axis 7 generated by the distance D1, and
hence the press contact force of between the movable
contact point 4 and the fixed contact point 2 significantly
exceeds the contact point repulsive force, whereby the
short-time current carrying capacity is increased.

[0015] This condition will be described using a graph
obtained by the result of an experiment. Fig. 4 (a) shows
representative examples of current waveforms in two
phases, that is, Phase A and Phase B, of a three-phase
circuit breaker when a short circuit current is occurred.
Fig. 4 shows, representing the time in the lateral axis and
the current value in the vertical axis, and a first half a
wavelength of the short circuit current where the current
of Phase A is represented by S and the current of Pole
B is represented by T. In this case, a rising force R of the
movable element generated at the contact point (caused
by the contact point repulsive force) and a pressing force
P (caused by the electromagnetic repulsive force, the
contact pressure spring force, and the like) will be as
shown in Figs. 4 (b) and (c) (the lateral axis represents
the time the vertical axis represents the force) from the
analysis of the electromagnetic force by a finite element
method or the like. In the structure in the related art in
which the distance D2 does not reach twice the distance
D1, as shown in Fig. 4(b), there is a case in which a point
where the rising force and the pressing force are bal-
anced is generated, and hence the contact points cannot
be held sufficiently with each other, whereby satisfactorily
short-time current carrying capacity cannot be achieved.
In contrast, when the dimension D2 of the movable ele-
ment 5 is set to a distance twice the distance D1, as
shownin Fig. 4(c), the pressing force P exceeds the rising
force R, and hence the holding force is improved.

Second Embodiment

[0016] Fig. 5 and Fig. 6 show a portion of the movable
element and the fixed element of the circuit breaker ac-
cording to a second embodiment of the present invention.
The second embodiment is characterized in that the fix-
ing member A for fixing the end portion of the shunt con-
ductor 10 which is in press contact along the rear end
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side of the movable element 5 to the movable element 5
is provided in the vicinity of the rear end of the movable
element 5. The fixing member A has the same structure
as that in the first embodiment, and normally the fixing
screw 20 is screwed and fixed to the movable element 5
in a state in which the end portion of the shunt conductor
10 which is in abutment with the rear end side of the
movable element 5 is sandwiched between the movable
element 5 and the reinforcing plate 16. In this case, as-
suming that D1 represents the distance between the
shaft 7 and the movable contact point 4 in the horizontal
direction, and D3 represents the distance between the
shaft 7 and the fixing screw 20, the distance D3 is set to
a distance 1.3 times or more the distance D1. Other con-
figurations are the same asthose in the first embodiment.
[0017] As described in conjunction with the first em-
bodiment, when the distance D2 between the rear end
of the movable element 5 and the shaft 7 is set to the
distance equal to or larger than twice the distance D1
between the rear end of the movable contact point 4 and
the shaft 7, a force to press the movable contact point 4
against the fixed contact point 2 about the shaft 7 as the
center of rotation by the action of the electromagnetic
repulsive force generated between the shunt conductor
10 and the terminal 9 is enhanced. However, as in this
embodiment, when the fixed position between the mov-
able element 5 and the shunt conductor 10 by the fixing
screw 20 is close to the shaft 7 and hence the distance
D3 is equal to or smaller than 1.2 times the distance D1,
a resultant force of the electromagnetic repulsive force
which acted upon the movable element 5 may be dimin-
ished by play or delay of transmitting time caused by
resiliency or the like of the shunt conductor 10. However,
by placing the end portion of the shunt conductor 10 along
the rear end side of the movable element 5 and fixing the
same to a position near the rear end of the movable el-
ement 5 by the fixing screw 20 at the distance D3, which
is equal to or larger than 1.3 times the distance D1, the
play width between the shunt conductor 10 and the mov-
able element 5 was restrained, and hence a force that
causes the movable contact point 4 to move toward the
fixed contact point 2 was generated without the time delay
or the play width, and hence the short-time current car-
rying capacity was improved.

Third Embodiment

[0018] Fig. 7 shows a plan view (a) and a side view (b)
showing a group of movable elements of the circuit break-
er according to a third embodiment of the present inven-
tion, and the drawings show an example in which one
pole of three phases is composed of six movable ele-
ments arranged in parallel. The number of movable ele-
ments may be increased or decreased according to the
capacity or the like of the circuit breaker, and is not limited
to six. The respective movable elements 51-56 are ro-
tatably supported by the shaft 7, and fixed to the shunt
conductors 10 with the fixing screws 20. The respective
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movable elements 51-56 are provided with the movable
contact points 4 respectively. On the other hand, the fixed
contact points that come into contact with the movable
contact points 4 are such that a laterally elongated fixed
contact point 2a commonly opposes the movable contact
points 4 of the adjacent three movable elements 51-53
and a laterally elongated fixed contact point 2b commonly
opposes the movable contact points 4 of the remaining
three movable elements 54-56. The form of the fixed con-
tact point is not limited to this example, and a form in
which one fixed contact point opposes one movable con-
tact point or a form in which a common one fixed contact
point opposes six movable contact points are also appli-
cable. In this case, for example, the ratio between the
width of the fixed contact point and the width of the mov-
able contact point is setto 1.5 : 1.0.

[0019] A characteristic of the third embodiment relates
to the intervals of adjacency of the respective movable
elements 51-56 having the same shape and the same
dimensions and arranged in parallel (Fig. 7 shows Pole
B arranged between the three-phase Pole A and Pole
C), and is that assuming that n2 represents distances
between the movable elements 51 and 56 that are adja-
cent to another poles and the movable elements 52 and
55 which are adjacent thereto respectively, and nl rep-
resents distances between other movable elements 52
and 53, 53 and 54, and 54 and 55, respectively, the dis-
tance n2 is smaller than the distance nl. In other words,
while the positions of the fixed contact points 2 are pro-
vided on the assumption that all the movable elements
are provided at regular intervals, the movable elements
51 and 56 which are located at both sides are arranged
at positions closer to the center of the group of the mov-
able elements. In the case in which the fixed contact
points (width: 1.5) are provided for the movable contact
points 4 (width: 1.0) independently on one-by-one basis,
the movable contact points 4 of the movable elements
52-55 are provided so that the centers thereof are op-
posed to the centers of the fixed contact points with re-
spect to each other. In contrast, the movable elements
51 and 56 are arranged so that the centerlines of the
movable contact points 4 of he movable elements 51 and
56 are shifted by 0.5 from the centerlines of the fixed
contact points toward the center of the group of movable
elements.

[0020] Fig. 8is a graph showing a surface current dis-
tribution of first to sixth movable elements at Phase B out
of three phases including, for example, Phase A, Phase
B and Phase C. As shown in Fig. 8, the surface current
of large magnitude concentrates on the first movable el-
ement and the sixth movable element which are located
atboth ends. Thisis because of an eddy current occurred
by the influence of the adjacent movable elements or of
the adjacent poles. Therefore, a contact point repulsive
force and an electromagnetic force directed toward other
poles (laterally outward directions) acting on the movable
elements adjacent to the different poles are remarkable
in comparison with those of other movable elements in
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the group of the movable elements of each pole due to
the eddy current. Various electromagnetic forces act on
the respective movable elements according to the mag-
nitude of current flowing therein. In particular, a resultant
force of the lateral electromagnetic force directed out-
ward and a contact point repulsive force which is a re-
pulsive force between the fixed contact points and the
movable contact points is exerted to the movable ele-
ments on the side adjacent to the different poles. Con-
sequently, the movable contact points do not come into
contact with the fixed contact points at original contact
surfaces, that is, so called slipping up occurs, and hence
the short-time current carrying capacity is reduced. How-
ever, by arranging the positions of the movable elements
51 and 56 which are adjacent to the different poles in-
wardly at intervals of n2 which is smaller than nl as in
the present embodiment, margins that allows the mova-
ble contact points 4 to move on the fixed contact points
2 before resulting in sipping up is secured to prevent slip-
ping up, so that a sufficient short-time current carrying
capacity is secured.

Fourth Embodiment

[0021] Fig.9is aplan view of movable elements of the
circuit breaker according to a fourth embodiment of the
present invention showing, for example, an example in
which one pole of three phases is composed of six mov-
able elements arranged in parallel. The number of mov-
able elements are increased or decreased by the capac-
ity of the circuit breaker, and is not limited to six. The
respective movable elements 51 to 56 are rotatably sup-
ported by the shaft 7 and fixed to the shunt conductors
10 with the fixing screws 20. The structure of the fixed
contact points are the same as those in the third embod-
iment.

[0022] Acharacteristic of the fourth embodiment is that
the widths of the movable elements 51 and 56 adjacent
to the different poles out of the group of the movable
elements 51-56 is narrowed in comparison with the
widths of remaining movable elements 52-55 in plan
view. In Fig. 9, assuming that t1 represents the width of
the movable elements 52-55, the widths of the movable
elements 51 and 56 adjacent to the different pole is set
to the width t2 which is smaller than t1, so that the cross-
sectional areas of the current paths in these portions are
reduced to increase impedances. Although the widths of
the movable elements 51 and 56 from a joint portion with
the shunt conductors 10 to the distal ends thereof are set
to t2 whichis smaller than t1 from the reason of machining
in Fig. 9, in principle, the widths of portions at least from
the joint portions with the shunt conductors 10 and the
movable contact points 4 must be reduced.

[0023] The current distributions of the respective mov-
able elements when the widths of the movable elements
51-56 are all the same are as shown in Fig. 8. Because
of this current distribution, there is a tendency such that
alarge magnitude of surface current flows in the movable
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elements adjacent to the different poles and a large elec-
tromagnetic force acts thereon as described in conjunc-
tion with the third embodiment, and hence the contact
point repulsive force between the fixed contact point and
the movable contact point caused by the electromagnetic
force and the electromagnetic force in the lateral direc-
tions toward the different poles are remarkably exerted
to the movable elements 51, 56 on both sides, and hence
the force that the movable contact points are pressed
against the fixed contact points are reduced, Simultane-
ously, the movable contact points do not come into con-
tact with the fixed contact points at original contact sur-
faces, that is, so called slipping up occurs, and hence
the short-time current carrying capacity is reduced.
[0024] However, by narrowing the widths of the mov-
able elements 51 and 56 adjacent to the different poles
in comparison with the remaining movable elements
52-55 as in this embodiment, the current carrying cross-
sectional areas of the movable elements 51 and 56 are
reduced, and the impedance is increased, which acts in
the direction for cancelling bias of the current distribution
shownin Fig. 8. Accordingly, the surface currents flowing
through the movable elements 51 and 56 adjacent to the
different poles are reduced, whereby the lateral electro-
magnetic force that these movable elements receive is
reduced. Consequently, the slipping up of the contact
point is prevented, and the contact point repulsive force
is reduced, whereby the short-time current carrying ca-
pacity is improved.

Industrial Applicability

[0025] The presentinvention can be applied to a circuit
breaker having a large breaking capacity.

Claims

1. Acircuit breaker comprising: a fixed element having
a fixed contact point; a movable element tilting in a
state of being supported by a shaft and having a
movable contact point which comes into and out of
contact with the fixed contact point; and a shunt con-
ductor fixed at one end to a rear end side of the mov-
able element which is opposite from the movable
contact point with respect to the shaft and connected
at the other end with a terminal, in which an electro-
magnetic force generated by a magnetic flux excited
by a current flowing in the shunt conductor and the
current in question acts on the movable element so
as to cause the movable contact point to move to-
ward the fixed contact point, characterized in that
the length of the movable element on the rear end
side is set to a length at least twice a distance be-
tween the shaft and the movable contact point in the
horizontal direction, and the one end of the shunt
conductor is fixed in contact with the rear end side
of the movable element.
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2.

The circuit breaker according to Claim 1, character-
ized in that the shunt conductor and the movable
element are fixed with joint screw, and the distance
between the shaft and the joint screw is set to a dis-
tance 1.3 times or more the distance between the
shaft and the movable contact point in the horizontal
direction.

A circuit breaker in which each pole comprises: a
fixed element having a fixed contact point; three or
more movable elements tilting in a state of being
supported by the shaft and having movable contact
points that come into and out of contact with the fixed
contact point and being arranged in parallel; and
shunt conductors each fixed at one end to the rear
end side of the movable element which is opposite
from the movable contact point with respect to the
shaft and connected at the other end to a terminal,
and an electromagnetic force generated by a current
flowing in the shunt conductor and a magnetic flux
excited by the current acts on the movable element
SO as to cause the movable contact point to move
toward the fixed contact point, characterized in that
the movable elements adjacent to different poles are
shifted toward the center of a group of movable el-
ements with respect to the fixed contact points cor-
responding to the movable contact points thereof.

A circuit breaker in which each pole comprises: a
fixed element having a fixed contact point; three or
more movable elements tilting in a state of being
supported by the shaft and having movable contact
points that come into and out of contact with the fixed
contact point and being arranged in parallel; and
shunt conductors each fixed at one end to the rear
end side of the movable element which is opposite
from the movable contact point with respect to the
shaft and connected at the other end to a terminal,
and an electromagnetic force generated by a mag-
netic flux excited by a current flowing in the shunt
conductor and the current in question acts on the
movable element so as to cause the movable contact
point to move toward the fixed contact point, char-
acterized in that the width of the movable elements
adjacent to different poles in plan view are narrowed
in comparison with the widths of the remaining mov-
able elements.
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