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Description
Technical Field

[0001] The present invention relates to a short circuit
current detection device for a circuit breaker which, when
there is a short circuit of a circuit in which a large short
circuit current flows, activates a trip device, causing a
main circuit contact to open.

Background Art

[0002] Generally, in a wiring circuit breaker, there is
provided a short circuit current detection device which,
in the event of short circuit trouble occurring in the main
circuit, detects the short circuit current, and momentarily
breaks the circuit. The short circuit current detection de-
vice is basically based on the following kind of operating
principle.

That is, when a short-circuit current flows through the
main circuit, a magnetic field is formed in the periphery
of the energizing path and, by the magnetic field passing
through a turnably supported armature and a stator dis-
posed facing it, the armature is drawn toward the stator.
Along with this, by the armature being turned centered
on its support portion, urging a trip bar, and activating a
breaking mechanism portion, the main circuit is broken.
[0003] In order to hold the armature turnably and sta-
bly, it is common to turnably support both end portions
of the armature. At this time, in the event that both end
portions of the armature are directly supported by the
stator, a magnetic circuit is configured by the stator and
armature across support portions of either end of the ar-
mature.

In this case, one portion of a magnetic flux caused by the
short circuit current flows through the magnetic circuit
across the support portions, the magnetic flux passing
through the support portions does not contribute at all to
the movement drawing the armature to the stator, as a
result of which the attractive force of the armature de-
creases, and the attractive force necessary for the oper-
ation may become unobtainable.

[0004] Consequently, with this kind of short circuit cur-
rent detection device, there has been an approach which
uses a non-magnetic material for the support member
supporting the armature as means of solving the hereto-
fore described problem. As an example of making the
support member non-magnetic without increasing the
number of parts, there is a case of supporting the arma-
ture with the circuit breaker housing (for example, refer
to Patent Document 1). This is because the circuit break-
er housing is generally formed of a resin, which is a non-
magnetic material.

[0005] When using the method of Patent Document 1,
no magnetic circuit is configured across the armature
support portion, so no reduction in the attractive force
occurs. With this configuration, because there is no need
for a part for armature support, the product cost is not
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increased by providing a groove for armature support in
the housing, meaning that it is of practical use.
However, as the dimensional accuracy of a resin molded
article is generally poor in comparison with a metal ma-
chined article, there is a large amount of fluctuation in
the setting of the armature position with respect to the
stator. In the event that the positional relationship of the
stator and armature changes, the magnetic attractive
force also changes, meaning that there is a problem in
that fluctuation is liable to occur in the short circuit current
detection property.

[0006] As another configuration using a non-magnetic
support member, one is also proposed which uses a
stainless steel non-magnetic member as a support mem-
ber for supporting the armature (for example, refer to
Patent Document 2). This configuration is such that a
support member for supporting the armature is added
separately, attached on the stator side, but with this con-
figuration there is a problem in that, a dedicated support
member being necessary, the number of parts increases,
and the manufacturing cost increases.

[0007]

Patent Document 1: Japanese Unexamined Patent
Application Publication JP-A-2000-231 870

Patent Document 2: Japanese Unexamined Patent
Application Publication JP-A-10-283 899

Disclosure of the Invention

Problems that the Invention is to Solve

[0008] The invention, being contrived in order to solve
the heretofore described kinds of problem, has an object
of obtaining a circuit breaker short circuit current detec-
tion device which is of an armature support structure
wherein no loss occurs in a magnetic flux across a sup-
port portion when there is a short circuit current energiza-
tion, and can reduce the fluctuation in the size of a gap
between a stator and an armature, without increasing the
components at all.

Means for Solving the Problems

[0009] A circuit breaker short circuit current detection
device according to the invention is characterized by
comprising a conductor fixed in a case, a stator attached
integrated with the conductor, and an armature, disposed
facing the stator across the conductor, which turns based
on a short circuit current flowing through the conductor,
wherein the armature includes a movable portion facing
the stator, at least one pair of arm portions extending
from the movable portion, and an operating portion which
activates a trip bar, and wherein the stator includes an
armature support portion, extending to the armature side
from one end portion of the stator, which engages with
and fulcrum supports the arm portions of the armature.
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Advantages of the Invention

[0010] According to the invention, with the short circuit
current detection device, as the structure is such that it
is possible to support the armature directly with the stator
without adding a non-magnetic part in order to support
the armature, it is possible to reduce the number of parts
configuring the device, and possible to downsize and re-
duce the price.

Also, compared with the case in which the armature is
supported by the resin housing of the circuit breaker, it
is possible to reduce the fluctuation in the position of the
armature with respect to the stator, meaning that it is
possible to reduce the fluctuation in the short circuit cur-
rent detection property without increasing the cost.

Best Mode for Currying Out the Invention

Embodiment 1

[0011] FIG. 1 is a perspective view showing a short
circuit current detection device 1 according to an Embod-
iment 1 of the invention, and FIG. 2 shows a condition
wherein an armature 6 and a return spring 7 are removed
from the short circuit current detection device 1 of FIG. 1.
Component 2 in the drawings, being a heater configured
of a conductor, is configured of a bottom portion 2a to be
attached to a case, to be described hereafter, an upright
portion 2b bent substantially perpendicularly from the
bottom portion, and a lead-out portion 2c further bent
approximately 90 degrees in a reverse direction, and is
connected to an external conductor by alead-out terminal
8. Component 3 is a bimetal, and is fixed to the upright
portion 2b of the heater 2 with a pin 5, as in FIG. 2.
[0012] Component 4 is a stator, and is fixed with the
pin 5 on the side of the heater 2 opposite to that of the
mounting surface of the bimetal 3, integrated with the
bimetal 3. For the integral fixing, besides caulking with a
pin, it is possible to employ, for example, a welding or
brazing method. Component 6 being the armature, it is
disposed on the side of the upright portion 2b of the heater
2 opposite to that of the stator 4, and is turnably supported
at its fulcrum by an armature support portion 4a of the
stator 4. 7 is the return spring.

[0013] FIG. 3 being perspective views showing a de-
tailed structure of the stator 4, FIG. 3B is a perspective
view wherein FIG. 3A is seen from the opposite side. The
stator 4 being made of, for example, a ferromagnetic sub-
stance such as iron, it is disposed facing the armature 6,
to be described hereafter, across the heater 2, as previ-
ously described.

The stator 4 has the armature support portion 4a, extend-
ed fromone end portion of the stator 4, reaching a position
facing the stator 4 across the heater 2, and forming a
substantial U-shape in combination with the main body
of the stator when seen from the top of the drawing.

In FIG. 3, the armature support portion 4a is extended
from the right side of the stator 4 facing the drawing, but
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it may also be extended from the left side. The armature
support portion 4a includes, at either end thereof, support
portions 4b and 4c which engage with arm portions 6b
and 6c¢ of the armature 6, to be described hereafter, and
includes a latch portion 4d to which the lower end of the
return spring 7 is attached.

[0014] FIG. 4 is a perspective view showing a detailed
structure of the armature 6. The armature 6 is configured
of a movable portion 6a, which has a surface facing the
stator 4, the pair of arm portions 6b and 6¢ extending in
the upper portion of the movable portion 6a, one portion
of each of which is bent in an inward direction forming a
sideways U shape, and an operating portion 6d extending
upward from one of the arm portions (6¢ in the drawing).
Engagement portions 6e and 6f, to be supported at the
fulcrums by the heretofore described support portions 4b
and 4c of the armature support portion 4a of the stator
4, are formed in the pair of arm portions 6b and 6¢. The
movable portion 6a includes bent portions 6g bent in-
wardly in such a way that the two end portions face each
other, and cutaway portions 6h such that the armature 6
realizes fulcrum support with the stator 4 in a turnable
condition.

[0015] As is clear from the above description, the ar-
mature 6 is disposed in a condition facing the stator 4
across the heater 2, which is a current path, and is turn-
ably supported by the armature support portions 4b and
4c of the stator at the engagement portions 6e and 6f
provided in the pair of arm portions 6b and 6¢ provided
at both left and right ends.

When assembling, one end (the upper end) of the return
spring 7 is attached to a latch portion 6i of the operating
portion 6d of the armature 6, the other end (the lower
end) is attached to the latch portion 4d of the stator 4, as
heretofore described, and the operating portion 6d is
urged in a direction away from a trip bar of a circuit break-
er, to be described hereafter, by the contractile force of
the return spring 7.

[0016] FIG.5shows asectional view of the short circuit
current detection device of the Embodiment 1 incorpo-
rated into a circuit breaker.

The short circuit current detection device is integrated
with an overcurrent detection device utilizing the curva-
ture of the bimetal 3. Next, a description will be given of
an operation of the short circuit current detection device
and overcurrent detection device.

In the drawing, the device 1 is the heretofore described
short circuit current detection device, 11 is the trip bar,
12 is a power source side terminal, 13 is a fixed contact,
14 is a movable contact, 15 is a movable contact holder,
16 is an operating handle, and 17 is a trip mechanism
portion.

[0017] The drawing shows a condition wherein the cir-
cuit breaker is activated by operating the operating han-
dle 16. A main circuit current flows along a path from the
power source side terminal 12, through the fixed contact
13, movable contact 14, movable contact holder 15, and
heater 2, to a load side terminal 8.
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Now, when an overcurrent exceeding the rated current
flows, the heater 2 generates heat at the Joule heat
caused by current energization, and the temperature of
the bimetal 3 rises. When the temperature of the bimetal
3 rises, its leading edge curves in the direction of the trip
bar 11. On the current increasing, the amount of heat
generated increases, the temperature rises further, and
the amount of curvature increases.

When an overcurrent exceeding the rated current flows,
the amount of curvature increases, and the bimetal
presses against the trip bar 11. On the trip bar 11 being
pressed, the trip mechanism portion 17 operates, and a
circuit breaking operation causing the movable contact
14 to momentarily become dissociated from the fixed
contact 13 is carried out.

[0018] Next, adescription will be given of a short circuit
detecting operation. As a magnetic field is formed in the
periphery of the current path when a large current flows
through the heater 2, the stator 4 and armature 6 are
magnetized, and a mutual attractive force is exerted. As
a large current that exceeds ten times the rating flows
when there is a short circuit, a large attractive force is
exerted, and the armature 6 is pulled toward the stator 4
against the return spring 7.

At this time, as the armature 6 is rotationally moved in a
clockwise direction centered on the fulcrum portion, the
operating portion 6d in the upper portion of the armature
6 is pressed against the trip bar 11, the trip mechanism
portion 17 is activated, and the heretofore described cur-
rent path is broken.

[0019] In the heretofore described short circuit detect-
ing operation, with the structure wherein the armature 6
is fulcrum supported by the stator 4 made of a ferromag-
netic substance, as explained before, a magnetic flux
generated inthe periphery of current path passes through
the fulcrum portion, with the result that the magnetic flux
passing through the opposing faces of the stator 4 and
armature 6 decreases, as previously described.

As the magnetic flux passing through the fulcrum portion
does not contribute at all to the rotational movement of
the armature 6, the rotational torque exerted on the ar-
mature 6 decreases and, it being difficult to obtain the
force necessary for the tripping operation when the rota-
tional torque decreases, the short circuit current detec-
tion property becomes unstable.

[0020] In a working example of the invention, by pro-
viding on the stator 4, the armature support portion 4a
extending to the armature side from one end portion of
the stator, which engages with and fulcrum supports the
arm portions 6b and 6¢ of the armature, that is, by forming
the support portion of the armature 6 in a cantilever shape
integrated with the stator 4, the current path of the heater
2 or bimetal 3 does not pass through the inside of a mag-
netic loop formed by the stator 4 and armature 6 via the
support portion.

Consequently, the magnetic field generated because of
the main circuit current does not pass through the fulcrum
portion, and it does not happen that the rotational torque
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exerted on the armature 6 decreases.
Embodiment 2

[0021] FIG. 6, being a side view showing a short circuit
current detection device 1 according to an Embodiment
2 of the invention, shows a structural example wherein
the heater is omitted by making the bimetal itself an en-
ergizing path. In the drawing, 9 is a flexible conductor of
which one end is joined to the leading edge portion of
the bimetal 3 and the other end is joined to the load side
terminal 8, and 10 is a connecting conductor connected
to the armature holder 15 of FIG. 5. For the heretofore
described joining, caulking using rivets or the like, or a
welding or brazing method, is used.

[0022] The Embodiment 2 differing from the Embodi-
ment 1 only in that the heater 2 is omitted, the basic con-
figuration of the short circuit current detection device 1
is the same. Consequently, in this case, the bimetal 3
itselfis the energizing path, and the overcurrent detection
operation is carried out by the bimetal temperature rising,
and the bimetal curving, due to the resistance heat gen-
eration of the bimetal 3 itself.

With regard to the short circuit current detection opera-
tion, as a magnetic field is formed in the periphery of the
current path flowing through the connecting conductor
10 and bimetal 3, the stator 4 and armature 6 are mag-
netized, and a mutual attractive force is exerted. As a
large current such that exceeds ten times the rating flows
when there is a short circuit, a large attractive force is
exerted, and the armature 6 is pulled toward the stator 4
against the return spring 7.

At this time, as the armature 6 is rotationally moved cen-
tered on the fulcrum portion, the operating portion 6d in
the upper portion of the armature 6 is pressed against
the trip bar 11, the trip mechanism portion 17 is activated,
and the heretofore described current path is broken.
[0023] As the stator 4 and armature 6 are disposed
facing each other across an energizing path including
the connecting conductor 10, as heretofore described, a
magnetic field caused by the current is formed in the pe-
riphery of the conductor 10. At this time, a case of dis-
posing the armature 6 on the trip mechanism portion 17
side of the energizing path, and a case of disposing the
stator 4 there, are conceivable.

Herein, a description is given of an example wherein the
armature 6 is disposed on the mechanism portion side,
but conversely, a configuration wherein the stator 4 is
disposed on the mechanism portion side is also possible.
In this case, as the direction of rotation of the armature
6isreversed, itis also necessary to reverse the operating
direction of the trip bar, but the details of the working
example are applicable in the same way.

[0024] Furthermore, as it also necessary to secure a
space in which to dispose the current path between the
armature 6 and stator 4, in the working example, by pro-
viding the bent portions 6g bent inwardly in such a way
that the two end portions face each other on the movable
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portion 6a of the armature 6, thus making the surface of
the armature 6 facing the stator 4 a U-shape in cross-
section, and by making the stator 4 side a flat plate shape,
a space remains between the two even in a condition in
which the armature 6 is drawn toward the stator 4.

Itis also possible to reverse this, making the stator cross-
section a U-shape, and the armature a flat plate shape.
Also, both of them may be made a U-shape in cross-
section.

[0025] As heretofore shown, by providing the armature
support portion 4a on the stator 4, and making the support
portion a cantilever structure, it is possible to adopt a
structure wherein the energizing path does not pass
through the inside of the magnetic loop formed by the
stator 4 and armature 6 across the support portion 4a.
As no loss occurs in the magnetic flux across the support
portion when there is a short circuit current energization,
it does not happen that the magnetic attractive force ex-
erted on the armature decreases in comparison with the
heretofore known structure.

Also, when comparing the working example with the
heretofore known example wherein the armature is sup-
ported by the housing, as it possible to reduce the fluc-
tuation in the size of the gap between the stator and ar-
mature, it is possible to stabilize the short circuit current
detection property.

Also, as opposed to the heretofore known example
wherein a non-magnetic armature support part is provid-
ed, a part for supporting the armature becomes unnec-
essary along with the conforming of the short circuit cur-
rent detection property, meaning that it is possible to re-
duce the cost.

Brief Description of the Drawings

[0026]
FIG. 1 is a perspective view showing a short circuit
current detection device according to an Em-
bodiment 1 of the invention;

is a diagram showing a condition wherein an
armature and a return spring are removed from
the short circuit current detection device of FIG.
1;

is perspective views showing a detailed struc-
ture of a stator in the Embodiment 1 of the in-
vention;

is a perspective view showing a detailed struc-
ture of the armature in the Embodiment 1 of
the invention;

is a sectional view showing the short circuit cur-
rent detection device of the Embodiment | of
the invention in a condition in which it is incor-
porated into a circuit breaker; and

is a perspective view showing a short circuit
current detection device according to an Em-
bodiment 2 of the invention.

FIG. 2

FIG. 3

FIG. 4

FIG. 5

FIG. 6
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Description of Reference Numerals and Signs

[0027]

1 = Short circuit current detection device
2 = Heater

3 = Bimetal

4 = Stator

4a = Armature support portion

4b = Support portion
4c = Support portion
4d = Latch portion

6 = Armature

6a = Movable portion

6b = Arm portion

6¢c = Arm portion

6d = Operating portion
6e = Engagement portion

6f = Engagement portion
6g = Bent portion
6h = Cutaway portion

6i = Latch portion

7 = Return spring

8 = Lead-out terminal

9 = Flexible conductor

10 = Connecting conductor
11 = Trip bar

12 = Power source side terminal
13 = Fixed contact

14 = Movable contact

15 = Armature holder

16 = Operating handle

17 = Trip mechanism portion
Claims

1. A short circuit current detection device for a circuit
breaker, including:

- a conductor (2) fixed in a case;

- a stator (4) attached integrated with the con-
ductor; and

- an armature (6), disposed facing the stator
across the conductor, which turns based on a
short circuit current flowing through the conduc-
tor, characterized in that the armature includes
amovable portion (6a) facing the stator, at least
one pair of arm portions (6b,6¢) extending from
the movable portion, and an operating portion
(6d) which activates a trip bar (11), and

in that the stator (4) includes an armature sup-
port portion (4a), extending to the armature side
from one end portion of the stator (4), which en-
gages with and fulcrum supports the arm por-
tions (6b, 6¢) of the armature (6).

2. The short circuit current detection device for a circuit



9 EP 2 261 946 A1

breaker according to claim 1,

characterized in that the armature support portion
(4a) includes engagement portions (4b, 4c) which
engage with the arm portions (6b, 6¢) of the armature
(6), and

in that the armature (6) is fulcrum supported by the
engagement portions (4b, 4c).

The short circuit current detection device for a circuit
breaker according to claim 1,

characterized in that the armature support portion
(4a) has a cantilever shape, and is formed integrated
with the stator (4).

The short circuit current detection device for a circuit
breaker according to claim 1,

characterized by not having a current path inside
a closed curve formed by the stator (4), armature
(6), and armature support portion (4a) bringing them
into engagement.
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