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(54) DIRECT-CURRENT CIRCUIT BREAKER

(57) The DC circuit breaker includes: an interruption
mechanism portion (16) configured to perform opening
between a fixed contact (1) and a movable contact (3),
to interrupt DC current; and an arc extinguishing chamber
(14) in which a plurality of arc extinguishing plates (15)
each obtained by superposing an insulating plate (13)
and a grid (12) which has electrical conductivity and has

a plate shape, are accommodated in a stacked state at
fixed intervals. An interrupting portion having a projecting
shape is disposed on either surface of each arc extin-
guishing plate (15) so as to originate from an edge of the
arc extinguishing plate. Thus, the DC circuit breaker has
so high interruption performance that no arc leaks from
a location on the grid (12) to the surroundings.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a DC circuit
breaker having an interrupting portion on an arc extin-
guishing plate thereof.s

BACKGROUND ART

[0002] A DC circuit breaker includes: a fixed element
having a fixed contact; and a movable element having a
movable contact that is separable from the fixed contact.
The DC circuit breaker performs opening between the
contacts, to interrupt current. An arc generated in asso-
ciation with the opening is transferred from the contacts
onto arc runners disposed in the vicinity of the contacts
and is guided into an arc extinguishing chamber.
[0003] A plurality of arc extinguishing plates each
formed by retaining a grid on an insulating plate are par-
allelly disposed at fixed intervals in the arc extinguishing
chamber. The arc having arrived in the arc extinguishing
chamber is divided by the arc extinguishing plates, and
an arc voltage equal to or higher than a power supply
voltage of a DC circuit is generated, whereby fault current
is limited and interrupted.

CITATION LIST

PATENT DOCUMENT

[0004]

Patent Document 1: Japanese Laid-Open Patent
Publication No. 61-190828
Patent Document 2: Japanese Laid-Open Patent
Publication No. 62-82616

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] In the conventional DC circuit breaker, an arc
having arrived on an arc extinguishing plate in the arc
extinguishing chamber may flow back in directions to-
ward the contacts during the limitation and the interrup-
tion, to cause restrike of an arc. This results in elongation
of the time taken to complete interruption and sometimes
also leads to failure of interruption.
[0006] Considering this drawback, in Patent Document
1 and Patent Document 2, an interrupting portion is pro-
vided between contacts and arc extinguishing plates in
an arc extinguishing chamber. Consequently, hot gases
generated by an arc having arrived in the arc extinguish-
ing chamber are prevented from flowing back in direc-
tions toward the contacts. Thus, restrike of an arc in the
vicinity of the contacts is inhibited. However, Patent Doc-
ument 1 and Patent Document 2 have the following prob-

lem. That is, control of the flowing direction of an arc
which has arrived on, and divided by, an arc extinguishing
plate, is not sufficient, and thus backflow of the arc some-
times occurs, to cause failure of interruption.
[0007] The present disclosure has been made to solve
the above problem, and an object of the present disclo-
sure is to obtain a DC circuit breaker in which an inter-
rupting portion for controlling the flow of an arc is provided
on each of arc extinguishing plates in an arc extinguishing
chamber, and which has so high interruption perform-
ance that no arc flows back from a location on a grid.

SOLUTION TO THE PROBLEMS

[0008] A DC circuit breaker according to the present
disclosure is a DC circuit breaker including: an interrup-
tion mechanism portion configured to perform opening
between a fixed contact and a movable contact, to inter-
rupt DC current; an arc extinguishing plate obtained by
superposing an insulating plate and a grid which has elec-
trical conductivity and has a plate shape; and an arc ex-
tinguishing chamber in which a plurality of the arc extin-
guishing plates are accommodated in a stacked state at
fixed intervals such that edges of the arc extinguishing
plates are located above the fixed contact and the mov-
able contact, wherein an interrupting portion having a
projecting shape is disposed on either surface of each
arc extinguishing plate so as to originate from an edge
of the arc extinguishing plate.

EFFECT OF THE INVENTION

[0009] In the DC circuit breaker according to the
present disclosure, the interrupting portion is provided
on each of the arc extinguishing plates. Thus, it is pos-
sible to obtain so high interruption performance that no
arc flows back from a location on any of the arc extin-
guishing plates.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

[FIG. 1] FIG. 1 is a schematic cross-sectional view
showing the structure of a DC circuit breaker accord-
ing to embodiment 1.
[FIG. 2] FIG. 2 is a schematic cross-sectional view
showing the structure of the DC circuit breaker ac-
cording to embodiment 1.
[FIG. 3] FIG. 3 is a perspective view of arc extin-
guishing plates on each of which interrupting por-
tions according to embodiment 1 are formed.
[FIG. 4] FIG. 4 is a perspective view showing the
back surface structure of the arc extinguishing plates
on each of which the interrupting portions according
to embodiment 1 are formed.
[FIG. 5] FIG. 5 is a partial perspective view showing
a modification of the arc extinguishing plate on which
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the interrupting portions according to embodiment 1
are formed.
[FIG. 6] FIG. 6 is a perspective view showing the
internal structure of an arc extinguishing chamber
according to embodiment 1.
[FIG. 7] FIG. 7 is a conceptual view showing an effect
of the interrupting portions according to embodiment
1.
[FIG. 8] FIG. 8 is a schematic cross-sectional view
showing the structure of a DC circuit breaker accord-
ing to embodiment 1.
[FIG. 9] FIG. 9 is a conceptual view showing an effect
of interrupting portions according to embodiment 1.
[FIG. 10] FIG. 10 is a perspective view of arc runners
on which interrupting portions according to embod-
iment 2 are formed.

DESCRIPTION OF EMBODIMENTS

[0011] The same or corresponding portions in descrip-
tions of embodiments and the drawings are denoted by
the same reference characters.

Embodiment 1

[0012] The present embodiment will be described
mainly with reference to FIG. 1 to FIG. 7. FIG. 1 and FIG.
2 are each a schematic cross-sectional view showing the
schematic structure of a DC circuit breaker 100 of the
present embodiment. FIG. 1 shows a closed state be-
tween contacts, and FIG. 2 shows an opened state be-
tween the contacts. FIG. 3 is a perspective view showing
several ones taken out from among arc extinguishing
plates 15 disposed in an arc extinguishing chamber 14
of the DC circuit breaker 100. FIG. 3 shows a state where
interrupting portions 30 are formed on the arc extinguish-
ing plates 15 which are each formed by an insulating
plate 13 and grids 12. FIG. 4 shows the back surface
structure in FIG. 3. FIG. 5 shows a modification of the
arrangement of a grid 12.
[0013] FIG. 6 shows the internal structure of the arc
extinguishing chamber 14. FIG. 6 shows a structure in
which the arc extinguishing plates 15 which are each
formed by the insulating plate 13 and the grids 12 and
on which the interrupting portions 30 are formed, are
stacked. FIG. 7 shows the flows, of hot gases, that are
controlled by the interrupting portions 30.
[0014] FIG. 1 and FIG. 2 are each a cross-sectional
view of the DC circuit breaker 100 of the present embod-
iment and each show a schematic structure of the device.
Of the DC circuit breaker 100 shown in each of FIG. 1
and FIG. 2, the lower portion indicates an interruption
mechanism portion 16 and the upper portion indicates
the arc extinguishing chamber 14.
[0015] FIG. 1 shows the interruption mechanism por-
tion 16 in a closed state between the contacts. In this
state, a movable element 4 is pressed by a closing ac-
tuator 5 in the leftward direction in FIG. 1, and a movable

contact 3 attached to the movable element 4 is in contact
with a fixed contact 1 attached to a fixed element 2. This
enables electric conduction between an upper conductor
6 and a lower conductor 7.
[0016] In the arc extinguishing chamber 14 at the upper
portion in FIG. 1, a space is present above the fixed con-
tact 1 and the movable contact 3, and a fixed-side arc
runner 10 and a movable-side arc runner 11 are disposed
on the left and right sides. Integrated products are dis-
posed so as to be stacked over the fixed-side arc runner
10 and the movable-side arc runner 11. Each integrated
product is composed of: grids 12 which have electrical
conductivity and have flat plate shapes; an insulating
plate 13 on which the grids 12 are disposed and retained;
and interrupting portions 30 which are each made of resin
and each formed in a projecting shape in the form of a
line to prevent backflow of hot gases.
[0017] In the present embodiment, each member dis-
posed in the arc extinguishing chamber 14 and com-
posed of the grids 12 and the insulating plate 13 is re-
ferred to as an arc extinguishing plate 15. Meanwhile,
each portion disposed on the arc extinguishing plate 15
and having a projecting shape in the form of a line is
referred to as an interrupting portion 30.
[0018] In FIG. 1, the portion enclosed by the broken
line in the arc extinguishing chamber 14 represents the
arc extinguishing plate 15. In the arc extinguishing plate
15, the grids 12 are attached to the upper surface of the
insulating plate 13, and each interrupting portion 30 is
further formed on the insulating plate 13 so as to originate
from an edge of the arc extinguishing plate 15.
[0019] The interrupting portion 30 on the insulating
plate 13 can be formed integrally with the insulating plate
13. Alternatively, the interrupting portion 30 can be
formed as a separate member and attached on the insu-
lating plate 13.
[0020] The order of stacking of the interrupting portion
30, and the insulating plate 13 and the grids 12 which
compose the arc extinguishing plate 15, is merely an ex-
ample, and it is also possible to change the order of the
insulating plate 13 and the grids 12 as described later.
In addition, although the interrupting portions 30 are
formed on the insulating plate 13 in the present embod-
iment, the interrupting portions 30 can be formed on the
grids 12.
[0021] It is noted that FIG. 1 shows a closed state, and
thus, in this state, electric conduction is present between
the fixed contact 1 and the movable contact 3 and no arc
has occurred. A flow at the time of generation of an arc
will be described with reference to FIG. 2 and the like.
[0022] FIG. 2 shows the interruption mechanism por-
tion 16 in an opened state.
[0023] When fault current flows through the interrup-
tion mechanism portion 16, a detector 8 disposed on the
lower conductor 7 detects the fault current, and a latch
9 retaining the movable element 4 is released by the clos-
ing actuator 5. Consequently, the movable element 4 re-
taining the movable contact 3 is moved. Thus, opening
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occurs between the fixed contact 1 and the movable con-
tact 3 in a state where current is being applied. At the
time of the opening, an arc 20 is generated between the
fixed contact 1 and the movable contact 3. It is noted that
the stage in which the arc 20 is generated in the opened
state is referred to as emergence and is, in some cases,
distinguished from other stages of the arc 20.
[0024] The arc 20 having emerged between the con-
tacts moves between the fixed-side arc runner 10 and
the movable-side arc runner 11. This stage is referred to
as transference of an arc 21. Then, the arc 21 moves
into the arc extinguishing chamber 14 owing to influences
of: electromagnetic forces generated by currents flowing
through the fixed-side arc runner 10 and the movable-
side arc runner 11; and the flows of electrically conductive
hot gases. This stage is referred to as travel of an arc 22.
[0025] The arc 22 having travelled into the arc extin-
guishing chamber 14 arrives at intervals between the arc
extinguishing plates 15. The stage in which the arc is
divided between the plurality of arc extinguishing plates
15 may be referred to as division of an arc 23. If the
divided state is maintained, an arc voltage increases to
become equal to or higher than a power supply voltage
of a circuit. Consequently, limitation and interruption are
performed.
[0026] In the present embodiment, the interrupting por-
tions 30 are, as shown in FIG. 2, formed on surfaces of
the insulating plates 13 of the arc extinguishing plates 15
so as to originate from edges of the arc extinguishing
plates 15 in order to prevent the arc 23 from flowing back
from the intervals between the arc extinguishing plates
15 and prevent restrike of an arc due to hot gases.
[0027] Hereinafter, the arrangement, the structures,
functions, and the like of the interrupting portions 30 will
be described with reference to FIG. 3 to FIG. 7.
[0028] FIG. 3 illustrates the arrangement and the struc-
tures of the interrupting portions 30 formed on the insu-
lating plates 13 of the arc extinguishing plates 15. Some
of the plurality of arc extinguishing plates 15 disposed in
the arc extinguishing chamber 14 have been taken out
and shown.
[0029] FIG. 4 shows the back surface structure in FIG.
3. FIG. 5 shows a modification of the structure of the arc
extinguishing plate 15, in which the arrangement of a grid
12 is changed.
[0030] FIG. 6 shows a schematic structure of the arc
extinguishing plates 15 disposed in the arc extinguishing
chamber 14 and partially shows, together with the sche-
matic structure, the fixed-side arc runner 10, the mova-
ble-side arc runner 11, and the like.
[0031] As shown in FIG. 6, the interrupting portions 30
are formed on the insulating plates 13 of the arc extin-
guishing plates 15 in the present embodiment. When
each arc extinguishing plate 15 is disposed in the arc
extinguishing chamber 14, the arc extinguishing plate 15
is disposed such that the surface on which the interrupt-
ing portions 30 are formed faces downward as shown in
FIG. 4.

[0032] It is noted that FIG. 3 shows that the insulating
plate 13 side on which the interrupting portions 30 are
formed faces upward for facilitating explanations.
[0033] Although each arc extinguishing plate 15 is
composed of the grids 12 and the insulating plate 13 and
has a structure in which the interrupting portions 30 are
formed, no grids 12 can be viewed in FIG. 6 owing to the
view angle.
[0034] In FIG. 3, a quadrangular opening in which the
traveling arc 22 flows is formed at the center of each
insulating plate 13. The grids 12 are stacked so as to
protrude into the opening. As shown in FIG. 1 and FIG.
2, the opening is located directly above the fixed contact
1 and the movable contact 3. That is, as shown in FIG.
2, the arc 20 generated owing to an opening operation
between the fixed contact 1 and the movable contact 3
flows into the opening owing to the flows of hot gases
and electromagnetic forces of the fixed-side arc runner
10 and the movable-side arc runner 11. Then, the arc
arrives at the intervals between the arc extinguishing
plate 15, whereby the arc is divided by the grids 12 dis-
posed on the arc extinguishing plates 15.
[0035] As shown in FIG. 3, each interrupting portion
30 is disposed in the form of a line and has a projecting
shape. The interrupting portion 30 is attached to the in-
sulating plate 13 by bringing side surfaces of the project-
ing-shape portion into close contact with the insulating
plate 13. Further, the interrupting portion 30 is disposed
substantially in a radial pattern so as to originate from an
edge of the quadrangular opening formed at the center
of the insulating plate 13 of each arc extinguishing plate
15 and so as to face the outer side of the insulating plate
13 and extend to an edge on the outer peripheral side of
the arc extinguishing plate 15.
[0036] Regarding the locations at which the interrupt-
ing portions 30 are to be formed, the interrupting portions
30 are preferably formed in regions in which the grids 12
are disposed on the arc extinguishing plate 15. Specifi-
cally, the interrupting portions 30 are preferably formed
on the surfaces of the grids 12 stacked on the arc extin-
guishing plate 15 or at locations that: are present on a
surface, of the arc extinguishing plate 15, that is opposite
to the surface on which the grids 12 are formed; and
correspond to the locations at which the grids 12 are
formed.
[0037] Further, if the interrupting portions 30 are dis-
posed so as to originate from regions in which the grids
12 protrude into the quadrangular opening in the arc ex-
tinguishing plate 15 shown in FIG. 3, an effect of control-
ling arcs can be improved.
[0038] The thickness of each interrupting portion 30
takes the same value as the thickness of each of the
grids 12 and the insulating plate 13 so as not to inflict
any great influence on the stacking structure when the
arc extinguishing plates 15 are disposed in the arc extin-
guishing chamber 14 in a mutually stacked manner.
[0039] Detailed effects of each interrupting portion 30
exhibited when the divided arc 23 flows into the intervals
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between the arc extinguishing plates 15, will be described
later. Since the interrupting portion 30 is disposed in a
radial pattern so as to face the outer side of the insulating
plate 13, the interrupting portion 30 is advantageous in
diffusing hot gases. In addition, the interrupting portions
30 are each bent at an obtuse angle and have bent por-
tions disposed so as to face each other. Thus, projecting
portions at the bent portions make it possible to prevent
backflow of hot gases. Therefore, reemergence of an arc
can be prevented.
[0040] FIG. 4 shows the back surface structure of the
arc extinguishing plates 15 shown in FIG. 3. In the struc-
ture, projecting portions are formed at center portions in
the longitudinal direction of the arc extinguishing plates
15 at which no grids 12 are disposed. The effect of con-
trolling the arc 23 is small in the case of using only these
projecting portions. However, if the projecting portions
are used in combination with the interrupting portions 30
shown in FIG. 3, a favorable effect of controlling the arc
can be expected.
[0041] FIG. 5 is a modification in which a grid 12 is
disposed between the insulating plate 13 and interrupting
portions 30. This arrangement also makes it possible to
obtain the favorable effect of controlling the arc.
[0042] FIG. 7 shows the flows of hot gases and the arc
22 having travelled to the intervals between the arc ex-
tinguishing plates 15. An effect of each interrupting por-
tion 30 on the arc 23 divided by the arc extinguishing
plates 15, will be described with reference to FIG. 7. Sim-
ilarly to FIG. 3, FIG. 7 also shows, for explanations, the
state in which the surface of the insulating plate 13 of
each arc extinguishing plate 15 on which the interrupting
portions 30 are formed faces upward. It is noted that the
divided arc 23 spreads in all directions such that, since
the shape of the insulating plate 13 of the arc extinguish-
ing plate 15 is symmetric about the quadrangular opening
at the center, the diffusion of the arc 23 also has sym-
metry. Considering this, description will be given with the
direction being limited to one direction, for facilitating ex-
planations.
[0043] The arc 20 having emerged upon the opening
between the fixed contact 1 and the movable contact 3
moves and travels into the quadrangular opening portion
at the center in FIG. 7. The arc 22 having travelled past
the fixed-side arc runner 10 and the movable-side arc
runner 11 is influenced by the flows of hot gases and the
electromagnetic forces of the grids 12 of the arc extin-
guishing plate 15 and moves along the white arrow 32
which indicates the travel of the arc 22 in FIG. 7. Conse-
quently, the arc 22 turns into a divided arc 23.
[0044] Further, hot gases generated by the arc 23 and
having high electrical conductivity move along the sur-
face of the arc extinguishing plate 15 and are diffused in
a radial pattern, as indicated by the black arrows 31 which
indicate the flows of the hot gases.
[0045] If no interrupting portion 30 is disposed on the
insulating plate 13, parts of the diffused hot gases may
pass around from sides and may move again in directions

toward the center of the arc extinguishing plate 15. In this
case, a situation in which restrike of an arc or the like
occurs is also conceivable. However, as shown in FIG.
7, the interrupting portions 30 which have projecting
shapes in the forms of lines bent at obtuse angles and
which have the bent portions facing each other are
formed on the insulating plate 13 of the arc extinguishing
plate 15 so as to originate from edges of the opening at
the center and so as to extend to edges on the outer
peripheral side of the arc extinguishing plate 15. Thus,
hot gases are diffused as indicated by the black arrows
31, and a hot gas passing around from a side is received
by one of the bent portions, whereby the hot gas can be
diffused in a radial pattern to the outer side of the arc
extinguishing plate 15.
[0046] By the above features, backflow of the hot gas-
es generated owing to the divided arc 23 can be prevent-
ed, and the hot gases can be diffused to the outer side
of the arc extinguishing plate 15. Therefore, the hot gases
can be ejected to the vicinity of a housing of the arc ex-
tinguishing chamber 14. Consequently, restrike of an arc
can be prevented, and an interruption characteristic of
the DC circuit breaker 100 can be improved.
[0047] In the present embodiment 1, each interrupting
portion 30 having a bent shape is formed on the lower
surface of the insulating plate 13 with use of the same
resin material as that of the insulating plate 13. However,
the present disclosure is not limited thereto. The same
advantageous effects can be obtained also by making
an interrupting portion 30 having a linear or bent project-
ing shape with use of a different insulating material and
attaching the interrupting portion 30 to the insulating plate
13 by pasting or screwing.
[0048] In addition, although a configuration in which
the interrupting portions 30 are attached to the lower sur-
face of the insulating plate 13 of each arc extinguishing
plate 15 has been described in the present embodiment,
the same advantageous effects can be obtained even
when an interrupting portion 30 having a linear or bent
projecting shape is formed on the upper surface of the
insulating plate 13.
[0049] In addition, although each interrupting portion
30 is formed on the insulating plate 13 with use of an
insulating material in the present embodiment 1, it is also
possible to: form an interrupting portion 30 having a linear
or bent projecting shape on each grid 12 of the arc ex-
tinguishing plate 15 with use of a metal material; and
bring side surfaces of the interrupting portion 30 into close
contact with the grid by welding to fix the interrupting
portion 30. Alternatively, the interrupting portion 30 can
be formed also by half-blanking the grid 12 through press
working.
[0050] Further, although the arc extinguishing cham-
ber 14 in which each arc extinguishing plate 15 composed
of the insulating plate 13 and the grids 12 is disposed
horizontally has been used in the present embodiment
1, the same advantageous effects can be obtained by
forming the interrupting portions 30 on the insulating plate
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13 or the grids 12 in the same manner, also in an arc
extinguishing chamber 14 in which each arc extinguish-
ing plate 15 composed of the insulating plate 13 and the
grids 12 is disposed in the vertical direction as in a DC
circuit breaker 101 shown in a cross-sectional view in
FIG. 8.
[0051] FIG. 9 shows the flows of hot gases and an arc
22 having travelled to the intervals between the arc ex-
tinguishing plates 15 disposed in the vertical direction.
[0052] An arc 20 having emerged upon opening be-
tween the fixed contact 1 and the movable contact 3
moves and travels into the opening portion at the center
in FIG. 9. The arc 22 is influenced by the flows of hot
gases and the electromagnetic forces of the grids 12 of
each arc extinguishing plate 15 and moves along the
white arrow 32 which indicates the travel of the arc 22 in
FIG. 9. Consequently, the arc 22 turns into a divided arc
23.
[0053] Further, hot gases generated by the arc 23 and
having high electrical conductivity can be moved along
the surface of the arc extinguishing plate 15 and diffused
in a radial pattern, as indicated by the black arrows 31
which indicate the flows of the hot gases.
[0054] In the present embodiment 1, the interrupting
portions 30 having the bent portions disposed so as to
face each other have been used. In addition, an example
has been shown in which four interrupting portions 30
originating from edges of the opening at the center and
extending to edges on the outer peripheral side are used
on one arc extinguishing plate 15. However, since the
important point about the interrupting portions 30 formed
on the arc extinguishing plate 15 is to move hot gases to
the outer side, the shape of each interrupting portion 30
is not limited to a bent shape and a projecting shape in
the form of a line. Specifically, a cylindrical shape, a pris-
matic shape, or the like having proportions that greatly
differ in the longitudinal direction and the lateral direction
may be employed, and the interrupting portion 30 does
not necessarily have to be so long as to extend to an
edge on an outer peripheral side. Furthermore, the
number of the interrupting portions 30 is also not limited
to four and only has to be one or more.

Embodiment 2

[0055] In embodiment 1, an example has been shown
in which: the plurality of arc extinguishing plates 15 each
obtained by superposing the insulating plate 13 and the
grids 12 are disposed in the arc extinguishing chamber
14; and the interrupting portions 30 are formed on a sur-
face of the insulating plate 13 or each grid 12.
[0056] The present embodiment is basically the same
as embodiment 1 in that each interrupting portion 30 is
formed so as to originate from an edge of the opening at
the center. Meanwhile, the present embodiment is char-
acterized in that interrupting portions 33 are formed so
as to be in contact with side surfaces of the fixed-side
arc runner 10 and the movable-side arc runner 11.

[0057] FIG. 10 is a perspective view of an arc extin-
guishing plate 15 at a lowermost stage connected to the
fixed-side arc runner 10 and the movable-side arc runner
11. FIG. 10 shows a state where the movable contact 3,
the movable element 4, and the upper conductor 6 are
disposed beneath the arc runners.
[0058] The fixed-side arc runner 10 and the movable-
side arc runner 11 are fixed to a surface of the arc extin-
guishing plate 15 such that a part of each arc runner
protrudes to the said surface. The interrupting portions
33 having bent shapes are disposed in a radial pattern
on the surface of the insulating plate 13 such that end
portions of the interrupting portions 33 are connected to
the protruding portions of the arc runners.
[0059] An arc 20 having emerged upon opening be-
tween the movable contact 3 and the fixed contact (not
shown) is transferred between the arc runners, and an
arc 22 having travelled to a location on the arc extinguish-
ing plate 15 at the lowermost stage shown in FIG. 10
moves in a direction toward the outer periphery owing to
the flows of hot gases and electromagnetic force of each
grid 12 in the same manner as in FIG. 7. Consequently,
the arc 22 turns into a divided arc 23. Further, the arc 23
generates hot gas having high electrical conductivity
which is prevented by the interrupting portion 33 from
flowing back, to be diffused in a radial pattern in the di-
rection toward the periphery of the insulating plate 13 of
the arc extinguishing plate 15.
[0060] By the above features, backflow of the hot gas-
es generated owing to the divided arc 23 can be prevent-
ed, and the hot gases can be diffused to the outer side
of the insulating plate 13 of the arc extinguishing plate
15. Therefore, the hot gases can be ejected to the vicinity
of the housing of the arc extinguishing chamber 14. Fur-
ther, in the present embodiment, a region in the vicinity
of each arc runner is a region in which the arc 22 travels
at high speed, and thus the effect of preventing the back-
flow can also be notably obtained. Consequently, restrike
of an arc can be prevented, and the interruption charac-
teristic of the DC circuit breaker 100 can be improved.
[0061] In the present embodiment, an example has
been shown in which the interrupting portions 33 are
formed on the insulating plate 13, at the lowermost stage
in the arc extinguishing chamber 14, which is connected
to the arc runners. However, the present disclosure is
not limited thereto, and the same advantageous effects
can be obtained also by forming the interrupting portions
33 on the grids 12.
[0062] In addition, the disposition locations for the in-
terrupting portions 33 are not limited to such locations
that the interrupting portions 33 are in contact with side
surfaces of the arc runners, and only has to be locations
near the arc runners. Thus, the same advantageous ef-
fects are exhibited also by forming the interrupting por-
tions 33 on the inner wall of the arc extinguishing chamber
14 retaining the fixed element 2 and the movable element
4 or on a frame portion forming a circuit breaker body.
[0063] In addition, if the interrupting portions 30 formed
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on the arc extinguishing plate 15 disposed in the arc ex-
tinguishing chamber 14 described in embodiment 1 and
the interrupting portions 33 disposed on the arc extin-
guishing plate 15 at the lowermost stage described in the
present embodiment so as to be in contact with the side
surfaces of the arc runners are used together, restrike of
an arc can be further prevented, and the interruption char-
acteristic of the DC circuit breaker 100 can be improved.
[0064] Although the disclosure is described above in
terms of various exemplary embodiments and implemen-
tations, it should be understood that the various features,
aspects, and functionality described in one or more of
the individual embodiments are not limited in their appli-
cability to the particular embodiment with which they are
described, but instead can be applied, alone or in various
combinations to one or more of the embodiments of the
disclosure.
[0065] It is therefore understood that numerous mod-
ifications which have not been exemplified can be de-
vised without departing from the technical scope of the
specification of the present disclosure. For example, at
least one of the constituent parts may be modified, added,
or eliminated. At least one of the constituent parts men-
tioned in at least one of the preferred embodiments may
be selected and combined with the constituent parts
mentioned in another preferred embodiment.
[0066] Further, the present disclosure includes config-
urations as defined by the following clauses:

(1) A DC circuit breaker comprising:

an interruption mechanism portion configured to
perform opening between a fixed contact and a
movable contact, to interrupt DC current;
an arc extinguishing plate obtained by super-
posing an insulating plate and a grid which has
electrical conductivity and has a plate shape;
and
an arc extinguishing chamber in which a plurality
of the arc extinguishing plates are accommodat-
ed in a stacked state at fixed intervals such that
edges of the arc extinguishing plates are located
above the fixed contact and the movable con-
tact, wherein
an interrupting portion having a projecting shape
is disposed on either surface of each arc extin-
guishing plate so as to originate from an edge
of the arc extinguishing plate.

(2) The DC circuit breaker according to clause (1),
wherein a plurality of the interrupting portions are
disposed mutually in a radial pattern.

(3) The DC circuit breaker according to clause (2),
wherein the plurality of the interrupting portions are
disposed on a surface of the grid formed on each
arc extinguishing plate or an opposite surface, of the
arc extinguishing plate, that corresponds to a region

in which the grid is formed.

(4) The DC circuit breaker according to clause (3),
wherein

a projecting portion is disposed in addition to the
interrupting portions, and
the projecting portion is disposed in a region, on
the arc extinguishing plate, in which the grid is
not formed.

(5) The DC circuit breaker according to clause (2),
wherein each arc extinguishing plate is accommo-
dated in the arc extinguishing chamber such that a
surface of the arc extinguishing plate is oriented in
a horizontal direction.

(6) The DC circuit breaker according to clause (5),
wherein

the arc extinguishing plate has an opening at a
center portion thereof,
an edge, of the arc extinguishing plate, that de-
limits the opening is located above the fixed con-
tact and the movable contact, and
the plurality of the interrupting portions are dis-
posed mutually in a radial pattern so as to orig-
inate from the edges.

(7) The DC circuit breaker according to clause (6),
wherein the plurality of the interrupting portions have
shapes of bent lines and are disposed such that bent
portions thereof face each other.

(8) The DC circuit breaker according to clause (2),
wherein each arc extinguishing plate is accommo-
dated in the arc extinguishing chamber such that a
surface of the arc extinguishing plate is oriented in
a vertical direction.

(9) A DC circuit breaker comprising:

an interruption mechanism portion configured to
perform opening between a fixed contact and a
movable contact, to interrupt DC current;
an arc extinguishing plate obtained by super-
posing an insulating plate and a grid which has
electrical conductivity and has a plate shape,
the arc extinguishing plate having a surface ori-
ented in a horizontal direction; and
an arc extinguishing chamber in which the arc
extinguishing plate has an opening at a center
portion thereof, and a plurality of the arc extin-
guishing plates are accommodated in a stacked
state at fixed intervals such that edges that de-
limit the openings are located above the fixed
contact and the movable contact, wherein
a fixed-side arc runner and a movable-side arc

11 12 



EP 4 187 572 A1

8

5

10

15

20

25

30

35

40

45

50

55

runner which are fixed and protrude from the
opening of the arc extinguishing plate at a low-
ermost stage, have side surfaces on which an
interrupting portion having a projecting-shape
side surface brought into close contact with a
surface of the arc extinguishing plate is disposed
such that ends of the interrupting portion are in
contact with the side surfaces of the fixed-side
arc runner and the movable-side arc runner.

(10) The DC circuit breaker according to any one of
clauses (1) to (9), wherein the interrupting portion is
made of a same resin as a resin of the insulating
plate.

(11) The DC circuit breaker according to any one of
clauses (1) to (9), wherein the interrupting portion is
made through a step of half-blanking a grid made of
metal.

(12) The DC circuit breaker according to any one of
clauses (1) to (9), wherein
the interrupting portion is made of metal and at-
tached to either surface of each arc extinguishing
plate by welding.

(13) The DC circuit breaker according to any one of
clauses (1) to (9), wherein the interrupting portion is
attached to either surface of each arc extinguishing
plate by screwing.

DESCRIPTION OF THE REFERENCE CHARACTERS

[0067]

1 fixed contact
2 fixed element
3 movable contact
4 movable element
5 closing actuator
6 upper conductor
7 lower conductor
8 detector
9 latch
10 fixed-side arc runner
11 movable-side arc runner
12 grid
13 insulating plate
14 arc extinguishing chamber
15 arc extinguishing plate
16 interruption mechanism portion
20 to 23 arc
30 interrupting portion
33 interrupting portion
100, 101 DC circuit breaker

Claims

1. A DC circuit breaker comprising:

an interruption mechanism portion (16) config-
ured to perform opening between a fixed contact
(1) and a movable contact (3), to interrupt DC
current;
an arc extinguishing plate (15) obtained by su-
perposing an insulating plate (13) and a grid (12)
which has electrical conductivity and has a plate
shape; and
an arc extinguishing chamber (14) in which a
plurality of the arc extinguishing plates (15) are
accommodated in a stacked state at fixed inter-
vals such that edges of the arc extinguishing
plates (15) are located above the fixed contact
(1) and the movable contact (3), wherein
an interrupting portion (30) having a projecting
shape is disposed on either surface of each arc
extinguishing plate (15) so as to originate from
an edge of the arc extinguishing plate (15), char-
acterized in that
the interrupting portion (30) is disposed in a ra-
dial pattern so as to originate from an edge of
an opening formed at a center of the arc extin-
guishing plate (15) and extend to an edge of
outer peripheral side of the arc extinguishing
plate (15).

2. The DC circuit breaker according to claim 1, wherein
a plurality of the interrupting portions (30) are dis-
posed mutually in a radial pattern.

3. The DC circuit breaker according to claim 2, wherein
the plurality of the interrupting portions (30) are dis-
posed on a surface of the grid (12) formed on each
arc extinguishing plate (15) or an opposite surface,
of the arc extinguishing plate (15), that corresponds
to a region in which the grid (12) is formed.

4. The DC circuit breaker according to claim 3, wherein

a projecting portion is disposed in addition to the
interrupting portions (30), and
the projecting portion is disposed in a region, on
the arc extinguishing plate (15), in which the grid
(12) is not formed.

5. The DC circuit breaker according to claim 2, wherein
each arc extinguishing plate (15) is accommodated
in the arc extinguishing chamber (14) such that a
surface of the arc extinguishing plate (15) is oriented
in a horizontal direction.

6. The DC circuit breaker according to claim 5, wherein

the arc extinguishing plate (15) has an opening
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at a center portion thereof,
an edge, of the arc extinguishing plate (15), that
delimits the opening is located above the fixed
contact (1) and the movable contact (3), and
the plurality of the interrupting portions (30) are
disposed mutually in a radial pattern so as to
originate from the edges.

7. The DC circuit breaker according to claim 6, wherein
the plurality of the interrupting portions (30) have
shapes of bent lines and are disposed such that bent
portions thereof face each other.

8. The DC circuit breaker according to claim 2, wherein
each arc extinguishing plate (15) is accommodated
in the arc extinguishing chamber (14) such that a
surface of the arc extinguishing plate (15) is oriented
in a vertical direction.

9. A DC circuit breaker comprising:

an interruption mechanism portion (16) config-
ured to perform opening between a fixed contact
(1) and a movable contact (3), to interrupt DC
current;
an arc extinguishing plate (15) obtained by su-
perposing an insulating plate (13) and a grid (12)
which has electrical conductivity and has a plate
shape; and
an arc extinguishing chamber (14) in which a
plurality of the arc extinguishing plates (15) are
accommodated in a stacked state at fixed inter-
vals such that edges of the arc extinguishing
plates (15) are located above the fixed contact
(1) and the movable contact (3), wherein
an interrupting portion (30) having a projecting
shape is disposed on either surface of each arc
extinguishing plate (15) so as to originate from
an edge of the arc extinguishing plate (15), char-
acterized in that
the arc extinguishing plate (15) has an opening
at a center portion thereof, an edge, of the arc
extinguishing plate (15), that delimits the open-
ing is located above the fixed contact (1) and
the movable contact (3), and the plurality of the
interrupting portions (30) are disposed mutually
in a radial pattern so as to originate from the
edges, and
the plurality of the interrupting portions (30) have
shapes of bent lines and are disposed such that
bent portions thereof face each other.
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