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(54) AIR CIRCUIT BREAKER

(57) The presentdisclosureincludes: afixed element passage (22) through which a port provided in a side

(2) having a fixed contactor (1); a movable element (4)
having a movable contactor (3) contactable with and sep-
arable from the fixed contactor (1); an arc extinguishing
chamber (14) in which an arc (16) is extinguished; a
fixed-side arc runner (10) having an end portion extend-
ing in a direction opposite to a direction toward the mov-
able element (4), from an interval between the fixed el-
ement (2) and the arc extinguishing chamber (14); a mov-
able-side arcrunner (11) having an end portion extending
in a direction opposite to a direction toward the fixed el-
ement (2), from an interval between the movable element
(4) and the arc extinguishing chamber (14); and a mold
frame (15) enclosing the fixed element (2) and the mov-
able element (4) and supporting the fixed element (2),
the movable element (4), the fixed-side arc runner (10),
and the movable-side arc runner (11). The mold frame
(15) includes: a fixed-side gas discharge passage (21)
through which a port provided in a side surface of the
mold frame (15) and a fixed-side gas discharge port (19)
are in communication with each other and which is sep-
arated from the fixed element (2) side by a fixed-side
blocking wall (23); and a movable-side gas discharge

surface of the mold frame (15) and a movable-side gas
discharge port (20) are in communication with each other
and which is separated from the movable element (4)
side by a movable-side blocking wall (24).

FIG. 3
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Description
TECHNICAL FIELD

[0001]
breaker.

The present disclosure relates to an air circuit

BACKGROUND ART

[0002] Air circuit breakers are used as protective
breakers for electrical systems or the like. Such an air
circuit breaker includes: a fixed element having a fixed
contactor; a movable element having a movable contac-
tor which is disposed so as to be contactable with and
separable from the fixed contactor; an arc extinguishing
chamber which is disposed upward of the fixed element
and the movable element and in which an arc generated
upon opening between the fixed contactor and the mov-
able contactor is divided and extinguished; a pair of arc
runners, i.e., fixed-side and movable-side arc runners,
which guide the arc to the arc extinguishing chamber;
and a mold frame supporting the fixed element, the mov-
able element, the fixed-side arc runner, and the movable-
side arc runner and formed of an insulating material.
When fault current is generated, the movable element is
driven so that the circuit is disconnected. At this time, an
arc is generated between the fixed contactor and the
movable contactor, between which opening has oc-
curred. The arc is transferred to the fixed-side arc runner
and the movable-side arc runner which are respectively
disposed upward of the fixed element and the movable
element. Then, the arc is driven on the fixed-side and
movable-side arc runners. The driven arc enters the arc
extinguishing chamber, and an arc voltage equal to or
higher than a power supply voltage is generated in the
arc extinguishing chamber. Consequently, current is lim-
ited and interrupted, whereby the arc is extinguished.
[0003] An arc having a very high temperature gener-
ates hot gas having a high electrical conductivity. If the
hot gas flows back to the interval between the fixed con-
tactor and the movable contactor during a time taken until
the arc is extinguished, an electrical conduction rate be-
tween the fixed contactor and the movable contactor be-
comes high, resulting in occurrence of a restrike in which
an arc emerges again. If a restrike occurs, the arc voltage
having been increased to be equal to or higher than the
power supply voltage sharply drops to around 100 V.
Consequently, the limitation is stopped, whereby inter-
ruption performance decreases. In addition, arc short cir-
cuit may continue to occur between the contactors, re-
sulting in failure of the interruption. In particular, if inter-
ruption current increases, the generation amount of hot
gas increases, whereby the probability that a restrike oc-
curs increases. In this manner, backflow of hot gas caus-
es: a problem that the interruption performance decreas-
es, and an interrupt time is elongated; and a problem that
the backflow leads to failure of interruption.

[0004] To solve these problems, a configuration in
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which the cross-sectional area of an arc flow path inside
an arc extinguishing chamber is increased toward a gas
discharge port, has been disclosed (see, for example,
Patent Document 1). This configuration makes it easy
forhotgastoflow to an upper side of the arc extinguishing
chamber, whereby hot gas discharge performance can
be improved. The improvementin the gas discharge per-
formance leads to inhibition of a restrike between a fixed
contactor and a movable contactor, whereby high inter-
ruption performance can be obtained.

CITATION LIST
PATENT DOCUMENT

[0005] Patent Document 1: WO2016/088561

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0006] Inthe above Patent Document 1, hot gas easily
flows to the upper side of the arc extinguishing chamber,
whereby the hot gas discharge performance in the arc
extinguishing chamber is improved. However, an arc
needs to be retained at end positions of arc runners dur-
ing a time taken until extinction of the arc in the arc ex-
tinguishing chamber is completed after the arc is driven
to the end positions of the arc runners. This leads to oc-
currence of hot-gas backflow in which hot gas generated
during the retaining heads for the interval between the
fixed contactor and the movable contactor from the end
positions of the arc runners. To prevent this backflow,
each contactor and the end position of the corresponding
arc runner need to be sufficiently separated from each
otherbylengthening an insulation distance. Consequent-
ly, a problem arises in that the sizes of the arc runners
and the arc extinguishing chamber disposed upward of
the arc runners, and furthermore, the size of the air circuit
breaker, increase.

[0007] The presentdisclosure has been made to solve
the aforementioned problem, and an object of the present
disclosure is to obtain an air circuit breaker that allows
inhibition of backflow of hot gas without increasing the
size of the air circuit breaker.

SOLUTION TO THE PROBLEMS

[0008] An air circuit breaker according to the present
disclosure includes: a fixed element having a fixed con-
tactor; a movable element having a movable contactor
which is disposed so as to be contactable with and sep-
arable from the fixed contactor; an arc extinguishing
chamber which is disposed upward of the fixed element
and the movable element so as to be apart from the fixed
element and the movable element and in which an arc
generated upon opening between the fixed contactor and
the movable contactor is divided and extinguished; a
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fixed-side arc runner which guides the arc to the arc ex-
tinguishing chamber and which has an end portion ex-
tending in a direction opposite to a direction toward the
movable element, from the fixed element side between
the fixed element and the arc extinguishing chamber; a
movable-side arc runner which guides the arc to the arc
extinguishing chamber and which has an end portion ex-
tending in a direction opposite to a direction toward the
fixed element, from the movable element side between
the movable element and the arc extinguishing chamber;
and a mold frame enclosing the fixed element and the
movable element beneath the arc extinguishing chamber
and supporting the fixed element, the movable element,
the fixed-side arc runner, and the movable-side arc run-
ner. The mold frame includes: a fixed-side gas discharge
passage through which a port provided in a side surface
of the mold frame and a fixed-side gas discharge port
provided in the mold frame so as to oppose the end por-
tion of the fixed-side arc runner are in communication
with each other and which is separated from the fixed
element side by a fixed-side blocking wall which is a part
of a wall enclosing the fixed element and the movable
element; and a movable-side gas discharge passage
through which a port provided in a side surface of the
mold frame and a movable-side gas discharge port pro-
vided in the mold frame so as to oppose the end portion
ofthe movable-side arc runner are in communication with
each other and which is separated from the movable el-
ement side by a movable-side blocking wall which is a
part of the wall enclosing the fixed element and the mov-
able element.

EFFECT OF THE INVENTION

[0009] The air circuit breaker according to the present
disclosure allows inhibition of backflow of hot gas without
increasing the size of the air circuit breaker.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

[FIG. 1] FIG. 1 is a cross-sectional view showing a
schematic configuration of an air circuit breaker ac-
cording to embodiment 1 in a closed state.

[FIG. 2] FIG. 2 is a cross-sectional view showing a
schematic configuration of the air circuit breaker ac-
cording to embodiment 1 in an opened state, and
movement of an arc.

[FIG. 3] FIG. 3 is a perspective view showing a sche-
matic configuration of a part of the air circuit breaker
according to embodiment 1.

[FIG. 4] FIG. 4 is a perspective cross-sectional view
showing the schematic configuration of the part of
the air circuit breaker according to embodiment 1.
[FIG.5] FIG. 5is a perspective view showing a sche-
matic configuration of a mold frame of the air circuit
breaker according to embodiment 1.

10

15

20

25

30

35

40

45

50

55

[FIG. 6] FIG. 6 is a cross-sectional view of the air
circuit breaker according to embodiment 1, showing
the flows of hot gases.

[FIG. 7] FIG. 7 is a cross-sectional view at an alter-
nate long and short dash line A-A in FIG. 6.

[FIG. 8] FIG. 8 is a perspective view showing a sche-
matic configuration of a part of an air circuit breaker
according to embodiment 1.

[FIG. 9] FIG. 9 is a cross-sectional view of the air
circuit breaker according to embodiment 1, showing
the flows of hot gases.

[FIG. 10] FIG. 10 is a perspective view showing a
schematic configuration of a part of an air circuit
breaker according to embodiment 2.

[FIG. 11] FIG. 11 is a perspective view showing a
schematic configuration of a mold frame of the air
circuit breaker according to embodiment 2.

[FIG. 12] FIG. 12 is a cross-sectional view of the air
circuit breaker according to embodiment 2, showing
the flows of hot gases.

[FIG. 13] FIG. 13 is a cross-sectional view at an al-
ternate long and short dash line B-B in FIG. 12.
[FIG. 14] FIG. 14 is a perspective view showing a
schematic configuration of a part of an air circuit
breaker according to embodiment 3.

[FIG. 15] FIG. 15 is a perspective cross-sectional
view showing the schematic configuration of the part
of the air circuit breaker according to embodiment 3.
[FIG. 16] FIG. 16 is a cross-sectional view of the air
circuit breaker according to embodiment 3, showing
the flows of hot gases.

[FIG. 17] FIG. 17 is a perspective view showing a
schematic configuration of a part of an air circuit
breaker according to embodiment 3.

[FIG. 18] FIG. 18 is a perspective view showing a
schematic configuration of a divided mold frame of
an air circuit breaker according to embodiment 4.

DESCRIPTION OF EMBODIMENTS

[0011] Hereinafter, air circuit breakers according to
embodiments of the present disclosure will be described
with reference to the drawings. Description will be given
while the same or corresponding members and portions
in the drawings are denoted by the same reference char-
acters.

Embodiment 1

[0012] FIG.1isacross-sectional view showing a sche-
matic configuration of an air circuit breaker 100 in a
closed state. FIG. 2 is a cross-sectional view showing a
schematic configuration of the air circuit breaker 100 in
an opened state, and movement of an arc. FIG. 3 is a
perspective view showing a schematic configuration of
a partof the air circuit breaker 100. FIG. 4 is a perspective
cross-sectional view showing the schematic configura-
tion of the part of the air circuit breaker 100. FIG. 5 is a
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perspective view showing a schematic configuration of
a mold frame 15 of the air circuit breaker 100. FIG. 3 and
FIG. 4 do not show any arc extinguishing chamber 14
provided on an upper side of the air circuit breaker 100.
The air circuit breaker 100 is used as a protective breaker
for an electrical system or the like. When fault current
flows during current conduction, the air circuit breaker
100 interrupts the current. Hereinafter, a configuration of
the air circuit breaker 100 will be described.

[0013] The air circuit breaker 100 includes: a fixed el-
ement 2 having a fixed contactor 1; a movable element
4 having a movable contactor 3 which is disposed so as
to be contactable with and separable from the fixed con-
tactor 1; an arc extinguishing chamber 14 which is dis-
posed upward of the fixed element 2 and the movable
element 4 so as to be apart from the fixed element 2 and
the movable element 4 and in which an arc 16 generated
upon opening between the fixed contactor 1 and the mov-
able contactor 3 is divided and extinguished; a fixed-side
arc runner 10 which guides the arc 16 to the arc extin-
guishing chamber 14 and which has an end portion ex-
tending in a direction opposite to a direction toward the
movable element 4, from the fixed element 2 side be-
tween the fixed element 2 and the arc extinguishing
chamber 14; a movable-side arc runner 11 which guides
the arc 16 to the arc extinguishing chamber 14 and which
has an end portion extending in a direction opposite to a
direction toward the fixed element 2, from the movable
element 4 side between the movable element 4 and the
arc extinguishing chamber 14; and the mold frame 15
supporting the fixed element 2, the movable element 4,
the fixed-side arc runner 10, and the movable-side arc
runner 11. The mold frame 15 is provided with: a closing
actuator 5 joined to the movable element 4; an upper
conductor 6 connected to the fixed element 2; a lower
conductor 7 connected to the movable element 4; a de-
tector 8 disposed on the lower conductor 7; and a latch
9 joined to the detector 8. Grids 12 having thin plate
shapes and formed of a magnetic material, and insulating
plates 13 supporting and insulating the grids 12, are
stacked inside the arc extinguishing chamber 14. The
grids 12 and the insulating plates 13 which are stacked,
are disposed above each of the fixed-side arc runner 10
and the movable-side arc runner 11. The mold frame 15
is formed from, for example, a fiber-reinforced plastic
(FRP) which is an unsaturated polyester resin reinforced
with glass fiber. The mold frame 15 has therein a con-
tactors-disposed space 18 and encloses the fixed ele-
ment 2 and the movable element 4 beneath the arc ex-
tinguishing chamber 14.

[0014] The movable element4 is movable in the lateral
direction in FIG. 1 in conjunction with an operation of the
closing actuator 5. The movable contactor 3 moved along
with the movable element 4 comes into contact with the
fixed contactor 1, to cause closing therebetween. Con-
sequently, current is conducted through the upper con-
ductor 6 and the lower conductor 7. When fault current
flows during current conduction, the detector 8 detects
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the fault current and is operated, and the latch 9 holding
the movable element 4 is released. When the latch 9 is
released, the fixed contactor 1 and the movable contactor
3 becomes apart from each other, and opening therebe-
tween occurs. If opening occurs during current conduc-
tion, an arc 16 having a very high temperature is gener-
ated between the fixed contactor 1 and the movable con-
tactor 3. FIG. 2 shows the generated arc 16 as an arc
16a having emerged. An arc voltage which is a voltage
reverse to a power supply voltage of a circuit (not shown)
connected to the air circuit breaker 100, is generated at
the arc 16.

[0015] The arc 16 generates hot gas 17 having a high
electrical conductivity. The hot gas 17 is diffused around
the arc 16 and flows also to the arc extinguishing chamber
14. An example of the flows of hot gases 17 is indicated
by broken-line arrows in FIG. 2. Then, the arc 16 jumps
to the fixed-side arc runner 10 and the movable-side arc
runner 11, to turn into a transferred arc 16b. Owing to
the flows of the hot gases 17 and electromagnetic forces
caused by currents flowing to the fixed-side arc runner
10 and the movable-side arc runner 11, the transferred
arc 16b runs on the fixed-side arc runner 10 and the mov-
able-side arc runner 11 in a direction toward the arc ex-
tinguishing chamber 14, to turn into a driven arc 16¢. The
arc 16 guided to the arc extinguishing chamber 14 moves
in directions toward the grids 12 since electromagnetic
forces are generated owing to biased magnetic fluxes of
the grids 12. The arcs 16 having moved toward the grids
12 located upward are divided by the grids 12 provided
separately on the left and right sides, to turn into divided
arcs 16d. The arc voltage of each arc 16 kept in the di-
vided state increases to be equal to or higher than the
power supply voltage of the circuit. Thus, currentis limited
and interrupted, and the arc 16 is extinguished.

[0016] Gas discharge passages and blocking walls
which are major parts of the present disclosure will be
described. As shown in FIG. 5, the mold frame 15 in-
cludes a fixed-side gas discharge passage 21 and a mov-
able-side gas discharge passage 22 as gas discharge
passages through which hot gases 17 are discharged
from a side surface 15a and a side surface 15b to the
outside of the mold frame 15. In addition, the mold frame
15 further includes a fixed-side blocking wall 23 and a
movable-side blocking wall 24 as blocking walls for in-
hibiting hot gases 17 from flowing back from the fixed-
side gas discharge passage 21 and the movable-side
gas discharge passage 22 in directions toward the con-
tactors-disposed space 18.

[0017] Arrangement of the gas discharge passages
and the blocking walls will be described. As shown in
FIG. 3, the mold frame 15 further includes: a fixed-side
gas discharge port 19 provided so as to oppose the end
portion of the fixed-side arc runner 10; and a movable-
side gas discharge port 20 provided so as to oppose the
end portion of the movable-side arc runner 11. The dis-
tance between end side surfaces 10a of the fixed-side
arc runner 10 is the width of the fixed-side arc runner 10.
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The distance between end side surfaces 11a of the mov-
able-side arc runner 11 is the width of the movable-side
arc runner 11. The width of the fixed-side gas discharge
port 19 opened in a direction of the width of the fixed-
side arc runner 10 is larger than the width of the fixed-
side arc runner 10. Likewise, the width of the movable-
side gas discharge port 20 opened in a direction of the
width of the movable-side arc runner 11 is larger than
the width of the movable-side arc runner 11. The widths
of the gas discharge ports are set to be larger than the
widths of the respective arc runners in order to cause hot
gases 17 generated from the divided arcs 16d to be ef-
ficiently discharged via these gas discharge ports to the
outside. As shownin FIG. 5, the fixed-side gas discharge
passage 21 allows two ports 15g respectively provided
in the side surfaces 15a and 15b of the mold frame 15
and the fixed-side gas discharge port 19 to be in com-
munication with each other, and is provided so as to be
separated from the fixed element 2 side by the fixed-side
blocking wall 23 which is a part of a wall enclosing the
fixed element 2 and the movable element 4. The fixed-
side gas discharge passage 21 penetrates both side sur-
faces (the side surface 15a and the side surface 15b), of
the mold frame 15, which are parallel to a direction in
which the movable contactor 3 is brought into contact
with and separated from the fixed contactor 1. As shown
in FIG. 5, the movable-side gas discharge passage 22
allows two ports 15g respectively provided in the side
surfaces 15a and 15b of the mold frame 15 and the mov-
able-side gas discharge port 20 to be in communication
with each other, and is provided so as to be separated
from the movable element 4 side by the movable-side
blocking wall 24 which is a part of the wall enclosing the
fixed element 2 and the movable element 4. The mova-
ble-side gas discharge passage 22 penetrates both side
surfaces (the side surface 15a and the side surface 15b),
of the mold frame 15, which are parallel to the direction
in which the movable contactor 3 is brought into contact
with and separated from the fixed contactor 1.

[0018] The flows of hot gases 17 will be described.
FIG. 6 is a cross-sectional view of the air circuit breaker
100, showing the flows of hotgases 17. FIG. 7 is a cross-
sectional view at an alternate long and short dash line A-
Ain FIG. 6. FIG. 6 shows the flows of hot gases 17 when
the arc 16 is retained at the position of each divided arc
16d, and shows a cross section of the air circuit breaker
100, excluding the arc extinguishing chamber 14. In FIG.
6, the flows of hot gases 17 inside the fixed-side gas
discharge passage 21 and the movable-side gas dis-
charge passage 22 are indicated by broken-line arrows
17a, and the flows of the other hot gases 17 are indicated
by solid-line arrows 17b. In addition, the flows of hot gas-
es 17 that would be generated if neither the fixed-side
gas discharge port 19 nor the movable-side gas dis-
charge port 20 were present, are indicated by broken-
line arrows 17c as acomparative example. The hot gases
17 are generated from the divided arcs 16d and diffused
around the arcs. If neither the fixed-side gas discharge
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port 19 nor the movable-side gas discharge port 20 were
present, the hot gases 17 could not enter either of the
fixed-side gas discharge passage 21 and the movable-
side gas discharge passage 22. Consequently, as indi-
cated by the solid-line arrows 17b and the broken-line
arrows 17c¢, the hot gases 17 would be diffused around
the arcs, whereby a large amount of the hot gases 17
would head for the contactors-disposed space 18. Thus,
a part of the hot gases 17 would flow back to the interval
between the fixed contactor 1 and the movable contactor
3.

[0019] Meanwhile, hot gases 17 generated in direc-
tions toward the end side surfaces 10a of the fixed-side
arc runner 10 from the corresponding divided arc 16d,
enter the fixed-side gas discharge passage 21 from the
fixed-side gas discharge port 19 and are, as indicated by
the broken-line arrows 17a, discharged from the side sur-
face 15a and the side surface 15b of the mold frame 15.
Likewise, hot gases 17 generated in directions toward
the end side surfaces 11a of the movable-side arc runner
11 from the corresponding divided arc 16d, enter the
movable-side gas discharge passage 22 from the mov-
able-side gas discharge port 20 and are discharged from
the side surface 15a and the side surface 15b of the mold
frame 15. As shown in FIG. 7, the fixed-side blocking wall
23 and the movable-side blocking wall 24 are included,
and thus the hot gases 17 having entered the fixed-side
gas discharge passage 21 and the movable-side gas dis-
charge passage 22 are prevented from flowing back to
the interval between the fixed contactor 1 and the mov-
able contactor 3.

[0020] Itis noted that, although the fixed-side gas dis-
charge passage 21 and the movable-side gas discharge
passage 22 are provided so as to penetrate the side sur-
face 15a and the side surface 15b, the presentdisclosure
is not limited thereto. For example, as shown in FIG. 8
and FIG. 9, ports 159 leading to the outside of the fixed-
side gas discharge passage 21 and the movable-side
gas discharge passage 22 may be provided in a side
surface 15¢ and a side surface 15d. Since there is also
a case where the places at which hot gases 17 are dis-
charged are restricted according to the external environ-
ment of the place at which the air circuit breaker 100 has
been installed, the places at which hot gases 17 are dis-
charged may be arbitrarily set on side surfaces of the
mold frame 15. In addition, although the two ports 15g
are provided so as to be in communication with the fixed-
side gas discharge port 19 or the movable-side gas dis-
charge port 20 in the present embodiment, the present
disclosure is not limited thereto, and the number of the
ports 15g may be any number equal to or more than one.
[0021] As described above, the air circuit breaker 100
includes: the fixed-side gas discharge passage 21 which
is in communication with the fixed-side gas discharge
port 19 provided in the mold frame 15 so as to oppose
the end portion of the fixed-side arc runner 10, and which
penetrates the side surfaces 15a and 15b of the mold
frame 15; and the movable-side gas discharge passage
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22 which is in communication with the movable-side gas
discharge port 20 provided in the mold frame 15 so as
to oppose the end portion of the movable-side arc runner
11, and which penetrates the side surfaces 15a and 15b
of the mold frame 15. These gas discharge passages
allow hot gases 17 to be discharged to the outside of the
mold frame 15. Consequently, the hot gases 17 can be
inhibited from flowing back to the interval between the
fixed contactor 1 and the movable contactor 3 without
increasing the size of the air circuit breaker 100. In ad-
dition, since the fixed-side blocking wall 23 separating
the fixed-side gas discharge passage 21 from the fixed
element 2 side and the movable-side blocking wall 24
separating the movable-side gas discharge passage 22
from the movable element 4 side are included, hot gases
17 having entered the fixed-side gas discharge passage
21 and the movable-side gas discharge passage 22 can
be prevented from flowing back to the interval between
the fixed contactor 1 and the movable contactor 3. In
addition, since the backflow of the hot gases 17 can be
inhibited, high interruption performance can be obtained.
In addition, if the fixed-side gas discharge passage 21
and the movable-side gas discharge passage 22 are pro-
vided perpendicularly to the side surface 15a and the
side surface 15b so as to penetrate both side surfaces,
of the mold frame 15, which are parallel to the direction
in which the movable contactor 3 is brought into contact
with and separated from the fixed contactor 1, the mold
frame 15 can be produced with only a simple mold at the
time of production of the mold frame 15 by molding.

Embodiment 2

[0022] An air circuit breaker 100 according to embod-
iment 2 will be described. FIG. 10 is a perspective view
showing a schematic configuration of a part of the air
circuit breaker 100. FIG. 11 is a perspective view showing
a schematic configuration of a mold frame 15 of the air
circuit breaker 100. In the air circuit breaker 100 accord-
ing to embodiment 2, a fixed-side blocking wall 23 and a
movable-side blocking wall 24 have configurations dif-
ferent from those in embodiment 1.

[0023] The fixed-side blocking wall 23 is tilted in a di-
rection toward the end portion of the fixed-side arc runner
10 from the fixed element 2 side and the movable-side
blocking wall 24 is tilted in a direction toward the end
portion of the movable-side arc runner 11 from the mov-
able element 4 side, such that the gap between the fixed-
side blocking wall 23 and the movable-side blocking wall
24 is broadened in the direction toward the arc extin-
guishing chamber 14. An angle between the fixed-side
blocking wall 23 and a bottom surface 21a of the fixed-
side gas discharge passage 21 and an angle between
the movable-side blocking wall 24 and a bottom surface
22a of the movable-side gas discharge passage 22, are
formed as acute angles as shown in FIG. 11. Ports 15¢g
leading to the outside of the fixed-side gas discharge
passage 21 and the movable-side gas discharge pas-
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sage 22 have trapezoidal shapes, and the area of each
port 15g is larger than that in embodiment 1. Thus, hot
gases 17 are more easily discharged. As shown in FIG.
10, the fixed-side gas discharge passage 21 and the
fixed-side gas discharge port 19 provided in the mold
frame 15 so as to oppose the end portion of the fixed-
side arc runner 10 are in communication with each other,
and the movable-side gas discharge passage 22 and the
movable-side gas discharge port 20 provided in the mold
frame 15 so as to oppose the end portion of the movable-
side arcrunner 11 are in communication with each other.
[0024] The flows of hot gases 17 will be described.
FIG. 12 is a cross-sectional view of the air circuit breaker
100, showing the flows of hot gases 17. FIG. 13 is a
cross-sectional view taken at an alternate long and short
dash line B-B in FIG. 12. FIG. 12 shows the flows of hot
gases 17 generated from the transferred arc 16b, and
shows a cross section of the air circuit breaker 100, ex-
cluding the arc extinguishing chamber 14. In addition, in
the drawings, the flows of the hot gases 17 are indicated
by solid-line arrows 17b. Since the hot gases 17 have
very high electrical conductivities, the arc 16 tends to be
driven along with the flows of the hot gases 17. If the hot
gases 17 smoothly flow from near the fixed contactor 1
and the movable contactor 3 to the end portions of the
fixed-side arc runner 10 and the movable-side arc runner
11, the arc 16 is smoothly driven in the direction toward
the arc extinguishing chamber 14 without any restrike. If
the fixed-side blocking wall 23 and the movable-side
blocking wall 24 are provided perpendicularly to a bottom
surface for installation, the flows of parts of the hot gases
17 are blocked or pushed back by the fixed-side blocking
wall 23 and the movable-side blocking wall 24, whereby
the flows of the hotgases 17 toward the arcrunners might
be restricted. Meanwhile, as shown in FIG. 13, since the
fixed-side blocking wall 23 and the movable-side blocking
wall 24 are tilted to attain the broadening in the direction
toward the arc extinguishing chamber 14, the flows of
the hotgases 17 are notrestricted by the fixed-side block-
ing wall 23 or the movable-side blocking wall 24. As
shown in FIG. 12, the hot gases 17 flow along the solid-
line arrows 17b to the end portions of the fixed-side arc
runner 10 and the movable-side arc runner 11. Thus, a
restrike ofanarc 16 is inhibited, and the arc 16 is smoothly
drivenin the direction toward the arc extinguishing cham-
ber 14.

[0025] Asdescribedabove, the fixed-side blocking wall
23 is tilted in the direction toward the end portion of the
fixed-side arc runner 10 from the fixed element 2 side,
and the movable-side blocking wall 24 is tilted in the di-
rection toward the end portion of the movable-side arc
runner 11 from the movable element4 side. Consequent-
ly, hot gases 17 smoothly flow from near the fixed con-
tactor 1 and the movable contactor 3 to the end portions
of the fixed-side arc runner 10 and the movable-side arc
runner 11. Thus, a restrike of an arc 16 can be inhibited,
and the arc 16 can be smoothly driven in the direction
toward the arc extinguishing chamber 14. In addition, hot
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gases 17 can be inhibited from flowing back to the interval
between the fixed contactor 1 and the movable contactor
3.

Embodiment 3

[0026] An air circuit breaker 100 according to embod-
iment 3 will be described. FIG. 14 is a perspective view
showing a schematic configuration of a part of the air
circuit breaker 100. FIG. 15 is a perspective cross-sec-
tional view showing the schematic configuration of the
part of the air circuit breaker 100. The air circuit breaker
100 according to embodiment 3 has a configuration fur-
ther including fixed-side hot gas discharge passages 25
and movable-side hot gas discharge passages 26 in ad-
dition to the components in embodiment 2.

[0027] The air circuit breaker 100 further includes: the
fixed-side hot gas discharge passages 25 penetrating,
along a surface of the fixed-side blocking wall 23 formed
on the fixed element 2 side, to the respective side sur-
faces 15a and 15b of the mold frame 15 opposing each
other; and the movable-side hot gas discharge passages
26 penetrating, along a surface of the movable-side
blocking wall 24 formed on the movable element 4 side,
to the respective side surfaces 15a and 15b of the mold
frame 15 opposing each other.

[0028] The flows of hot gases 17 will be described.
FIG. 16 is a cross-sectional view of the air circuit breaker
100, showing the flows of hot gases 17. FIG. 16 shows
a cross section of the air circuit breaker 100, excluding
the arc extinguishing chamber 14. FIG. 16 shows the
flows of hot gases 17 generated from the transferred arc
16b. In FIG. 16, the flows of hot gases 17 inside the fixed-
side hot gas discharge passages 25 and the movable-
side hot gas discharge passages 26 are indicated by bro-
ken-line arrows 17a, and the flows of the other hot gases
17 are indicated by solid-line arrows 17b. When a high-
current arc is generated upon opening between the fixed
contactor 1 and the movable contactor 3, alarge amount
of hot gases 17 are generated so that the contactors-
disposed space 18 is filled with the hot gases 17. If the
hot gases 17 remain in the contactors-disposed space
18, the inside of the contactors-disposed space 18 is kept
in a state where an electrical conduction rate is high.
Therefore, the arc 16 is not smoothly driven in the direc-
tion toward the arc extinguishing chamber 14, whereby
interruption might fail. Meanwhile, as shown in FIG. 16,
since the fixed-side hot gas discharge passages 25 and
the movable-side hotgas discharge passages 26 leading
to the outside of the mold frame 15 from the contactors-
disposed space 18 are provided, hot gases 17 are dis-
charged to the outside of the mold frame 15 without re-
maining in the contactors-disposed space 18. In addition,
hot gases 17 flow to the end portions of the fixed-side
arc runner 10 and the movable-side arc runner 11, and
thus stagnation of the arc 16 in the contactors-disposed
space 18 is inhibited, whereby high interruption perform-
ance is obtained.
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[0029] Itis noted that, although a configuration in which
the fixed-side hot gas discharge passages 25 and the
movable-side hot gas discharge passages 26 are pro-
vided in addition to the components in embodiment 2 has
been described, the present disclosure is not limited
thereto. As shown in FIG. 17, the fixed-side hot gas dis-
charge passages 25 and the movable-side hot gas dis-
charge passages 26 may be provided in addition to the
components in embodiment 1. By providing the fixed-
side hot gas discharge passages 25 and the movable-
side hot gas discharge passages 26, hot gases 17 are
discharged from the fixed-side hot gas discharge pas-
sages 25 and the movable-side hot gas discharge pas-
sages 26. This discharge leads to mitigation of the re-
striction imposed on the flows of hot gases 17 by the
fixed-side blocking wall 23 and the movable-side blocking
wall 24 which are perpendicularly disposed.

[0030] As described above, this air circuit breaker 100
further includes the fixed-side hot gas discharge passag-
es 25 and the movable-side hot gas discharge passages
26 penetrating to the respective side surfaces 15a and
15b of the mold frame 15 opposing each other. Thus, hot
gases 17 do not remain in the contactors-disposed space
18, and stagnation of the arc 16 in the contactors-dis-
posed space 18 is inhibited, whereby high interruption
performance can be obtained. In addition, hot gases 17
can be inhibited from flowing back to the interval between
the fixed contactor 1 and the movable contactor 3.

Embodiment 4

[0031] An air circuit breaker 100 according to embod-
iment 4 will be described. FIG. 18 is a perspective view
showing a schematic configuration of a divided mold
frame 15 of the air circuit breaker 100. The air circuit
breaker 100 according to embodiment 4 has a configu-
ration in which the mold frame 15 is divided into two
frames.

[0032] The mold frame 15 is formed by combining a
first frame 15e and a second frame 15f. The mold frame
15isdivided into thefirst frame 15e and the second frame
15f at a center plane, of the mold frame 15, which is a
plane parallel to the direction in which the movable con-
tactor 3 is brought into contact with and separated from
the fixed contactor 1. Each of the first frame 15e and the
second frame 15f is integrally formed of a resin material.
The first frame 15e and the second frame 15f are at-
tached to each other by means of fitting, screwing, or the
like. Components of the air circuit breaker 100 that are
provided in the mold frame 15 such as the fixed element
2 and the fixed-side arc runner 10, are attached to one
frame out of the first frame 15e or the second frame 15f.
Then, the other frame is attached to the one frame having
the components attached thereto, whereby the air circuit
breaker 100 is manufactured. This manner of manufac-
turing allows a working space for the manufacturing to
be effectively used, whereby assembilability is improved.
It is noted that the plane at which the mold frame 15 is
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divided is not limited to the center plane and may be
another plane as long as the plane allows the attaching
of the components of the air circuit breaker 100.

[0033] As described above, in this air circuit breaker
100, the mold frame 15 is formed of the first frame 15e
and the second frame 15f. Thus, the number of compo-
nents of the mold frame 15 can be reduced. The mold
frame 15 is divided at a plane parallel to the direction in
which the movable contactor 3 is brought into contact
with and separated from the fixed contactor 1, and the
air circuit breaker 100 can be manufactured through at-
taching of the components to one of the frames. This
allows a working space for the manufacturing to be ef-
fectively used, whereby assembilability is improved.
[0034] 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.

[0035] 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 components may be modi-
fied, added, or eliminated. At least one of the constituent
components mentioned in at least one of the preferred
embodiments may be selected and combined with the
constituent components mentioned in another preferred
embodiment.

DESCRIPTION OF THE REFERENCE CHARACTERS

[0036]

1 fixed contactor

2 fixed element

3 movable contactor

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 mold frame

15a  side surface
15b  side surface
15¢  side surface
15d  side surface
15e first frame
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15f second frame

159 port

16 arc

16a  arc having emerged
16b  transferred arc

16¢c  driven arc

16d  divided arc

17 hot gas

18 contactors-disposed space

19 fixed-side gas discharge port

20 movable-side gas discharge port

21 fixed-side gas discharge passage

22 movable-side gas discharge passage

23 fixed-side blocking wall

24 movable-side blocking wall

25 fixed-side hot gas discharge passage

26 movable-side hot gas discharge passage
100  air circuit breaker

Claims
1. An air circuit breaker comprising:

a fixed element having a fixed contactor;

a movable element having a movable contactor
which is disposed so as to be contactable with
and separable from the fixed contactor;

an arc extinguishing chamber which is disposed
upward of the fixed element and the movable
element so as to be apart from the fixed element
and the movable element and in which an arc
generated upon opening between the fixed con-
tactor and the movable contactor is divided and
extinguished;

a fixed-side arc runner which guides the arc to
the arc extinguishing chamber and which has
an end portion extending in a direction opposite
to a direction toward the movable element, from
the fixed element side between the fixed ele-
ment and the arc extinguishing chamber;

a movable-side arc runner which guides the arc
to the arc extinguishing chamber and which has
an end portion extending in a direction opposite
to a direction toward the fixed element, from the
movable element side between the movable el-
ement and the arc extinguishing chamber; and
a mold frame enclosing the fixed element and
the movable element beneath the arc extin-
guishing chamber and supporting the fixed ele-
ment, the movable element, the fixed-side arc
runner, and the movable-side arcrunner, where-
in

the mold frame includes

afixed-side gas discharge passage through
which a port provided in a side surface of
the mold frame and a fixed-side gas dis-
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charge port provided in the mold frame so
as to oppose the end portion of the fixed-
side arc runner are in communication with
each other and which is separated from the
fixed element side by a fixed-side blocking 5
wall which is a part of a wall enclosing the
fixed element and the movable element,
and
a movable-side gas discharge passage
through which a port provided in a side sur- 70
face of the mold frame and a movable-side
gas discharge port provided in the mold
frame so as to oppose the end portion of
the movable-side arc runner are in commu-
nication with each other and which is sep- 15
arated from the movable element side by a
movable-side blocking wall which is a part
of the wall enclosing the fixed element and
the movable element.

20

2. The air circuit breaker according to claim 1, wherein

the fixed-side blocking wall is tilted in a direction
toward the end portion of the fixed-side arc run-
ner from the fixed element side, and 25
the movable-side blocking wall is tilted in a di-
rection toward the end portion of the movable-
side arc runner from the movable element side.

3. The air circuit breaker according to claim 1 or 2, fur- 30
ther comprising:

fixed-side hot gas discharge passages penetrat-

ing, along a surface of the fixed-side blocking
wall formed on the fixed elementside, to respec- 35
tive side surfaces of the mold frame opposing
each other; and

movable-side hot gas discharge passages pen-
etrating, along a surface of the movable-side
blocking wall formed on the movable element 40
side, to the respective side surfaces of the mold
frame opposing each other.

4. Theaircircuit breaker according to any one of claims
1 to 3, wherein the mold frame is formed by combin- 45
ing a first frame and a second frame, and the mold
frame is divided into the first frame and the second
frame at a plane parallel to a direction in which the
movable contactor is brought into contact with and
separated from the fixed contactor. 50
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