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Description
TECHNICAL FIELD

[0001] The present disclosure relates to a storage box
and a switchgear.

BACKGROUND ART

[0002] A switchgear includes: a switch; and a storage
box such as a protective box that stores therein the switch
and that prevents the switch from being exposed to for-
eign matter such as rain or dust. The storage box is con-
figured to have a high sealability in order to prevent such
foreign matter from entering the storage box. Meanwhile,
the internal pressure of the storage box might be in-
creased owing to occurrence of an arc at the time of cur-
rent interruption, and thus a pressure release device for
preventing increase in the pressure at the time of current
interruption is provided on the storage box. The pressure
release device is configured to: maintain the sealability
of the storage box at times other than the time of current
interruption; and discharge gas inside the storage box to
outside atthe time of currentinterruption, to prevent rapid
increase of the internal pressure of the storage box. As
a structure for realizing such a pressure release device,
apressure release structure including a pressure release
hole formed in a storage box and a pressure release lid
thatopensthe pressure release hole at the time of current
interruption and that closes the pressure release hole at
times other than the time of current interruption, is dis-
closed (see, for example, Patent Document 1). In the
pressure release structure of Patent Document 1, an O-
ring-mounted member is provided around the pressure
release hole and formed in a protruding shape, and the
pressure release lid is formed in a recessed shape so as
to cover the pressure release hole in addition to the O-
ring-mounted member. The pressure release lid shifts
between an opening position and a closing position by
utilizing the relationship between an elastic force of a
torsion coil spring and increase in the internal pressure
at the time of current interruption. Further, the pressure
release lid is provided with an engaged-and-fixed mem-
ber for retaining the pressure release lid at the closing
position. The pressure release lid is retained at the clos-
ing position by the above engaged-and-fixed member
being engaged with and fixed to an engaging-and-fixing
member provided to the pressure release hole, whereby
foreign matter can be prevented from entering the stor-
age box.

CITATION LIST
PATENT DOCUMENT

[0003] Patent Document 1: Japanese Laid-Open Pat-
ent Publication No. 2003-263944
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SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0004] Inthe pressure release structure of Patent Doc-
ument 1, the mass of the pressure release lid is, owing
to the recessed shape thereof and the engaged-and-
fixed member mounted thereon, higher than that of a
pressure release sheet formed of only a simple plate-
shaped member. Consequently, a stronger gravitational
force is exerted to the pressure release lid. The gravita-
tional force exerted to the pressure release lid acts in a
such a direction as to delay movement of the pressure
release lid from the closing position to the opening posi-
tion. Thus, ittakes the pressure release lid of Patent Doc-
ument 1 a longer time to move from the closing position
to the opening position at the time of current interruption.
In a case where the period from current interruption to
pressure release is elongated, the strength of the storage
box needs to be increased to deal with increase in the
pressure during this period. However, the increase in the
strength leads to complication of the structure of the stor-
age box and increase of the weight of the storage box.
[0005] The presentdisclosure has been made to solve
the above problem, and an object of the present disclo-
sure is to provide a storage box and a switchgear that
can achieve decrease of the weight of the storage box
while preventing foreign matter from entering the storage
box.

MEANS TO SOLVE THE PROBLEM

[0006] A storage box according to the present disclo-
sure is a storage box for storing therein a switch, the
storage box including: a side wall; a pressure release
hole which is formed in the side wall and through which
an internal pressure of the storage box is released; and
apressure release device, for the switch, which is mount-
ed on the side wall. The pressure release device for the
switch includes a pressure release sheet having: a mov-
able portion movable between a closing position at which
the pressure release hole is closed and an opening po-
sition at which the pressure release hole is opened; and
a deformable portion which is elastically deformable and
which is deformed according to movement of the mova-
ble portion. An elastic force of the deformable portion
applies, when the movable portion is at the opening po-
sition, a load to the movable portion in such a direction
as to restore the movable portion to the closing position.
[0007] In addition, another aspect of the storage box
according to the present disclosure is a storage box for
storing therein a switch, the storage box including: a side
wall; a pressure release hole which is formed in the side
walland through which aninternal pressure of the storage
box is released; and a pressure release device, for the
switch, which is mounted on the side wall. The pressure
release device for the switch includes: a pressure release
sheet having a movable portion which is rotated with one
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end thereof being a central axis of rotation and which is
movable between a closing position at which the pres-
sure release hole is closed and an opening position at
which the pressure release hole is opened; a supporting
body fixed to the side wall at both sides thereof in a di-
rection of the central axis; a shaft supported by the sup-
porting body by penetrating through through-holes
formed in the supporting body; and a torsion coil spring
which is fixed to the shaft and which applies, when the
movable portion is at the closing position, a load to the
movable portion in such a direction as to retain the mov-
able portion at the closing position and applies, when the
movable portion is at the opening position, a load to the
movable portion in such a direction as to restore the mov-
able portion to the closing position. The pressure release
sheetincludes: a plate-shaped portion having a flat plate
shape; and an arm provided to one end of the plate-
shaped portion and having a hole into which the shaft is
fitted. An entirety of the pressure release sheet is rotated
together with the shaft.

EFFECT OF THE INVENTION

[0008] The storage box according to the present dis-
closure can achieve decrease of the weight of the storage
box while preventing foreign matter from entering the
storage box.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

[FIG. 1] FIG. 1 is a perspective view of a switchgear
in embodiment 1.

[FIG. 2] FIG. 2 is a front view of a pressure release
device in embodiment 1.

[FIG. 3]FIG. 3is a parts development of the pressure
release device in embodiment 1.

[FIG.4A]FIG. 4Ais afrontview of a pressure release
sheet according to embodiment 1.

[FIG. 4B] FIG. 4B is a front view showing another
example of the pressure release sheet according to
embodiment 1.

[FIG.4C]FIG. 4C is a front view showing stillanother
example of the pressure release sheet according to
embodiment 1.

[FIG. 5] FIG. 5 is a perspective view for explaining a
fixation method for a torsion coil spring according to
embodiment 1.

[FIG. 6] FIG. 6 is a cross-sectional view, taken along
A-A, of the pressure release device in embodiment
1 and shows a state where the pressure release
sheet is at a closing position.

[FIG. 7] FIG. 7 is a cross-sectional view, taken along
A-A, of the pressure release device in embodiment
1 and shows a state where the pressure release
sheet is at an opening position.

[FIG. 8] FIG. 8 is a diagram for explaining a restora-
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tion operation of the pressure release sheet.

[FIG. 9] FIG. 9 is a cross-sectional view, taken along
A-A, of a pressure release device in embodiment 2
and shows a state where a pressure release sheet
is at the closing position.

[FIG. 10] FIG. 10 is a cross-sectional view, taken
along A-A, of the pressure release device in embod-
iment 2 and shows a state where the pressure re-
lease sheet is at the opening position.

[FIG. 11] FIG. 11 a cross-sectional view, taken along
A-A, of a pressure release device in embodiment 3.
[FIG. 12] FIG. 12is a front view of a pressure release
device in embodiment 4.

DESCRIPTION OF EMBODIMENTS
Embodiment 1

[0010] Embodiment 1 will be described with reference
to FIG. 1 to FIG. 8. FIG. 1 is a perspective view of a
switchgear in embodiment 1. A switchgear 1000 in-
cludes, for example, a switch 100 for power and a storage
box 91 such as a protective box storing therein the switch.
The storage box 91 is, for example, a box composed of
two upper and lower stages and is configured to have a
high sealability so as to prevent foreign matter from en-
tering the box. It is noted that coordinate axes are set as
below for description. That is, the vertical direction is set
as a z axis, directions perpendicular to the z axis, i.e.,
horizontal directions, are set as an x axis and a y axis. A
direction along the long-side direction of the storage box
91 is set as the x axis, and a direction along the short-
side direction of the storage box 91 is set as the y axis.
In the z axis, the upward direction is set as a +z axis
direction, and the downward direction is set as a -z axis
direction. In each of the x axis and y axis, one direction
is set as a corresponding one of a +x axis direction and
a +y axis direction, and the direction opposite thereto is
set as a corresponding one of a -x axis direction and a
-y axis direction (positive direction), as shown in FIG. 1.
Anupper portion 91A of the storage box has a trapezoidal
cross section such that the width thereof decreases to-
ward the upper surface side. However, the shape of the
storage box 91 is not limited to that shown in FIG. 1.

[0011] The upper portion 91A has side walls 91Aa
along the short-side direction (y axis direction). The side
walls 91Aa have outer surfaces on which pressure re-
lease devices 10A and 10B, i.e., pressure release devic-
es for the switch, are mounted. Pressure release holes
(not shown in FIG. 1) are formed at the positions, on the
side wall 91Aa, at which the pressure release devices
are mounted. In FIG. 1, one pressure release device is
mounted on each of the side walls 91Aa on both sides,
i.e., two pressure release devices are mounted as one
set. However, the number of the pressure release devic-
es to be mounted and the mounting positions therefor
are not particularly limited. The pressure release devices
10 may be mounted on side walls 91Ab along the long-
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side direction (x axis direction) of the storage box 91. A
lower portion 91B has a side wall 91Bb along the long-
side direction (x axis direction). The side wall 91Bb has
holes (not shown) through which busbars 92 penetrate.
[0012] The following description will be given with the
pressure release device 10A being taken as an example.
[0013] FIG. 2 is a front view of the pressure release
device in embodiment 1. In FIG. 2, the pressure release
device 10A is seen in the +x axis direction in FIG. 1. The
same applies to the pressure release device 10B, and
thus the pressure release device 10A will be simply re-
ferred to as the pressure release device 10 in the follow-
ing description.

[0014] The pressure release device 10 is mounted on
a pressure-release-device-mounting portion 91d provid-
ed at a predetermined position of the corresponding side
wall 91Aa. The position and the range of the pressure-
release-device-mounting portion 91d are not particularly
limited as long as the position and the range cover pres-
sure release holes 91c formed in the side wall 91Aa and
allow formation of screw holes or the like necessary for
mounting the pressure release device 10. The pressure
release device 10 includes: a pressure release sheet 11
covering the pressure release holes 91c¢; a cover 12 cov-
ering the pressure release sheet 11; a supporting body
13fixed to the pressure-release-device-mounting portion
91d and including two plate-shaped members disposed
on both sides in the y axis direction of a movable portion
11c of the pressure release sheet 11; a shaft 14 pene-
trating through through-holes 13aa formed in the sup-
porting body 13; and a torsion coil spring 15 mounted on
the shaft 14 and having a double torsion shape. Although
two circular holes adjacent to each other are formed as
the pressure release holes 91cin FIG. 2, the shapes and
the number of the pressure release holes 91c are not
limited thereto and can be arbitrarily set.

[0015] The pressure release sheet 11 has the same
external shape as that of the cover 12 and is configured
to prevent a gap from being generated between the cover
12 and the pressure-release-device-mounting portion
91d when being mounted on the pressure-release-de-
vice-mounting portion 91d together with the cover 12. In
addition, a U-shaped slit 11a is formed in the pressure
release sheet 11, and the movable portion 11cis provided
within a range enclosed by the U-shaped slit 11a. The
movable portion 11cis moved between a closing position
at which the movable portion 11c is in close contact with
the side wall 91Aa so as to close the pressure release
holes 91c and an opening position at which the movable
portion 11cis away from the side wall 91Aa so as to open
the pressure release holes 91c. In an ordinary state, the
movable portion 11c s at the closing position. Therefore,
the position and the range of the movable portion 11c
need to be set such that at least the pressure release
holes 91c can be closed. A more detailed configuration
of the pressure release sheet 11 will be described later.
[0016] The cover 12 is mounted on the pressure-re-
lease-device-mounting portion 91d. An opening (not

10

15

20

25

30

35

40

45

50

55

shown in FIG. 2) is formed in the cover 12 correspond-
ingly to the movable portion 11c. In addition, the cover
12 has an upper portion at which a handle portion 12a
capable of being gripped is integrally provided. The han-
dle portion 12ais formed by causing end portions on both
sides in the y axis direction of the upper portion of the
cover 12 to protrude upward and joining the protruding
portions on both sides.

[0017] The supporting body 13 is fixed to the storage
box 91 so as to be integrated with the pressure release
sheet 11 and the cover 12 by using fastening members
such as bolts and nuts. The shaft 14 is rotatably support-
ed by the supporting body 13 by penetrating through the
through-holes 13aa. In addition, the shaft 14 has both
ends, in the axial direction, that interfere with inner walls
of the cover 12, whereby the shaft 14 is shifted in the
axial direction to only a limited extent and is prevented
from falling off from the through-holes 13aa. The torsion
coil spring 15 has a pressing portion 15b which applies,
to the movable portion 11c of the pressure release sheet
11, aload due to an elastic force of the torsion coil spring
15.

[0018] FIG. 3 is a parts development of the pressure
release device in embodiment 1. In FIG. 3, the alternate
long and short dash lines indicate assembling positions
of bolts 81 and nuts 82 which are fastening members.
As shown in FIG. 3, holes 91e into which the bolts 81 are
inserted are formed at predetermined positions on the
pressure-release-device-mounting portion 91d. The
pressure release device 10 is mounted on the storage
box 91 (pressure-release-device-mounting portion 91d)
in the following manner. First, as shown in FIG. 3, the
supporting body 13 on which the torsion coil spring 15
and the shaft 14 have been mounted is inserted into the
cover 12 from an opening 12b formed in the lower end
of the cover 12, whereby one part is assembled. Next,
the pressure release sheet 11 is disposed to be sand-
wiched between the above part (the cover 12, the sup-
porting body 13, the shaft 14, and the torsion coil spring
15) and the pressure-release-device-mounting portion
91d, and the above part and the pressure release sheet
11 are fastened and fixed by using the bolts 81 and the
nuts 82. Consequently, each partis mounted on the pres-
sure-release-device-mounting portion 91d. At this time,
the positions of an opening 12c¢ of the cover 12 and the
movable portion 11c of the pressure release sheet 11
are matched. In addition, a side surface, of the cover 12,
that is located on the pressure-release-device-mounting
portion 91d side and that excludes the opening 12c is
brought into close contact with the pressure-release-de-
vice-mounting portion 91d.

[0019] In each part to be mounted on the pressure-
release-device-mounting portion 91d as well, holes
through which the bolts 81 are inserted are formed at
positions corresponding to the positions of the holes 91e.
Although the pressure release device 10 is mounted on
the pressure-release-device-mounting portion 91d by us-
ing the fastening members which are the bolts 81 and
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the nuts 82in embodiment 1, a mounting method in which
other fixation members such as rivets are used may be
employed.

[0020] Next, a more detailed configuration of the pres-
sure release sheet 11 will be described. FIG. 4A is a front
view of the pressure release sheet according to embod-
iment 1. InFIG.4A, the pressure release sheet 11 is seen
in the +x axis direction in FIG. 1. As described above,
the pressure release sheet 11 has the same external
shape as that of the cover 12 and has an external shape
with an upper portion thereof being partially recessed.
The U-shaped slit 11ais formed at a center portion in the
up-down direction of the pressure release sheet 11, and
the movable portion 11c¢ is provided within the range en-
closed by the U-shaped slit 11a. A deformable portion
11b extending in the y axis direction and elastically de-
formable is provided at the upper end of the movable
portion 11c and an opening portion of the U-shaped slit
11a. The movable portion 11c is rotated about the y axis
with the deformable portion 11b being the center of ro-
tation, through elastic deformation of the deformable por-
tion 11b. Consequently, the movable portion 11c under-
goes an opening/closing motion in the same manner as
a hinge, whereby the movable portion 11c is movable
between the closing position and the opening position.
A region, of the pressure release sheet 11, other than
the range enclosed by the U-shaped slit 11a is a fixation
portion 11d. Holes 11e through which the bolts 81 are
inserted are formed in the fixation portion 11d, and the
fixation portion 11d is fixed to the pressure-release-de-
vice-mounting portion 91d by using the bolts 81 and the
nuts 82. The positions and the number of the holes 11e
correspond to the positions and the number of the holes
91e in the pressure-release-device-mounting portion
91d.

[0021] FIG.4Bisafrontview showing anotherexample
of the pressure release sheet according to embodiment
1. In the example shown in FIG. 4B, the U-shaped slit
11aisnotformed. A pressure release sheet 111 includes,
at a center portion thereof in the z axis direction, a de-
formable portion 111b extending in the y axis direction
and elastically deformable. The deformable portion 111b
is formed to extend between both ends of the pressure
release sheet 111 in the y axis direction, the portion
above the deformable portion 111b is a fixation portion
111d, and the portion below the deformable portion 111b
is a movable portion 111c. The movable portion 111c is
rotated about the y axis with the deformable portion 111b
being the center of rotation, through elastic deformation
of the deformable portion 111b. Consequently, the mov-
able portion 111c undergoes an opening/closing motion
in the same manner as a hinge, whereby the movable
portion 111cis movable between the closing position and
the opening position. Holes 11e through which bolts 81
are inserted are formed in the fixation portion 111d, and
the fixation portion 111d is fixed to the pressure-release-
device-mounting portion 91d by using the bolts 81 and
nuts 82.
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[0022] FIG. 4C is a front view showing still another ex-
ample of the pressure release sheet according to em-
bodiment 1. A pressure release sheet 112 includes: two
linear slits 11f1 and 11f2 which are formed at portions
opposed to each other and which extend from a center
portion in the z axis direction to the lower end of the pres-
sure release sheet 112; and a deformable portion 112b
which is formed atthe center portion in the z axis direction
of the pressure release sheet 112 and which extends in
the y axis direction between the linear slit 11f1 and the
linear slit 11f2. The pressure release sheet 112 further
includes: a movable portion 112c formed between the
linear slit 11f1 and the linear slit 11f2; and fixation portions
112d formed in portions other than the movable portion
112c, i.e., a portion above the deformable portion 112b
and portions that are below the deformable portion 112b
and that are closer to the respective ends in the y axis
direction than the linear slit 11f1 and the linear slit 112
are. The movable portion 112c undergoes an open-
ing/closing motion inthe same manner as a hinge, where-
by the movable portion 112c is movable between the
closing position and the opening position. Holes 11e
through which bolts 81 are inserted are formed in the
fixation portions 112d, and the fixation portions 112d are
fixed to the pressure-release-device-mounting portion
91d by using the bolts 81 and nuts 82. The linear slit 11f1
and the linear slit 11f2 respectively correspond to a first
slit portion and a second slit portion. In this manner, the
pressure release sheet may be configured to have two
slits at portions opposed to each other, such that the re-
gion interposed between the two slits serves as a mov-
able portion.

[0023] FIG. 5 is a perspective view for explaining a
fixation method for the torsion coil spring according to
embodiment 1. The coordinate axes shown in FIG. 5 in-
dicate directions in a state where the pressure release
device 10 is mounted on the storage box 91. The sup-
porting body 13 is formed by bending each of two plate-
shaped members into an L shape and is fixed to both
sides in the y axis direction relative to the movable portion
11c of the pressure release sheet 11. The supporting
body 13 includes: side portions 13a perpendicular to the
y axis direction and having the through-holes 13aa
through which the shaft 14 penetrates; bottom portions
13b perpendicular to the side portions 13a (perpendicular
to the x axis direction) and having holes (not shown)
through which bolts 81 are inserted; and raised portions
13c formed by raising parts of the bottom portions 13b
in the -x axis direction which is a direction toward the
shaft 14, the parts being located on the inner sides (sides
close to the movable portion 11c). A gap is formed be-
tween the shaft 14 and each raised portion 13c. The gap
is formed such that the width thereof is smaller than the
thickness of a winding forming a corresponding one of
winding portions 15a of the torsion coil spring 15. A hole
13ca is formed in the raised portion 13c. The through-
holes 13aa formed in the side portions 13a of the sup-
porting body 13 atboth sides thereof are opposed to each
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other. The shaft 14 extends along the y axis direction and
is supported by the supporting body 13 at both sides
thereof by penetrating through the through-holes 13aa
on said both sides. The supporting body 13 only has to
be configured to support the shaft 14 on both sides in the
y axis direction relative to the movable portion 11c, and
thus the shape of the supporting body 13 is not limited
to a plate shape. For example, the supporting body 13
may be a box fixed to the pressure-release-device-
mounting portion 91d and having holes through which
the shaft 14 penetrates.

[0024] The torsion coil spring 15 has a double torsion
shape as described above and is fixed to the shaft 14
through penetration by the shaft 14 through two winding
portions 15a. Each winding portion 15a is disposed on
the inner side relative to the corresponding raised portion
13c¢, i.e., between the movable portion 11c and the raised
portion 13c. As described above, the width of the gap
between the raised portion 13c and the shaft 14 is smaller
than the thickness of the winding forming the winding
portion 15a. Thus, the winding portion 15a is configured
such that movement thereof along the axial direction of
the shaft 14 is restricted by the raised portion 13c. In
addition, each winding portion 15a has one end portion
extending in the -z axis direction (downward direction),
whereby the pressing portion 15b is formed in a U shape
by the winding portions 15a on both sides. In other words,
the pressing portion 15b formed in the U shape is con-
nected to one end of each of the two winding portions.
The pressing portion 15b is the point of load of the torsion
coil spring 15. Each winding portion 15a has another end
portion 15c¢ penetrating through the hole 13ca in the cor-
responding raised portion 13c and is engaged with the
hole 13ca. Consequently, the end portion 15c¢ is formed
as a fixed end of the torsion coil spring 15.

[0025] FIG. 6 is a cross-sectional view, taken along A-
A, of the pressure release device in embodiment 1 and
shows a state where the pressure release sheet is at the
closing position. As shown in FIG. 6, in the state where
the pressure release sheet 11 is at the closing position,
the deformable portion 11b is not deformed, and the en-
tirety of the pressure release sheet 11 has a flat plate
shape extending in the up-down direction. The movable
portion 11c is in close contact with the pressure-release-
device-mounting portion 91d and closes the pressure re-
lease holes 91c and the opening 12c in the cover 12. The
pressing portion 15b retains the movable portion 11c at
the closing position by applying a load F to the movable
portion 11c through exertion of the elastic force of the
torsion coil spring 15 such that the movable portion 11c
is pressed against the pressure-release-device-mount-
ing portion 91d.

[0026] A side wall onthe +x axis direction side (storage
box 91 side) of the cover 12 has a portion other than the
opening 12c. This portionis fixed to the pressure-release-
device-mounting portion 91d without any gap therebe-
tween and is in close contact with the pressure-release-
device-mounting portion 91d. Although the opening 12b
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is formed on the lower side, a lower end portion 12d on
the +x axis direction side of the cover 12 is also in close
contact with the pressure-release-device-mounting por-
tion 91d. Therefore, the cover 12 continuously covers the
outer periphery of the movable portion 11¢ which is at
the closing position. Foreign matter having entered the
cover 12 from the opening 12b is prevented from entering
the storage box 91, by the movable portion 11c which is
at the closing position. Thus, the cover 12 having the
above structure can prevent foreign matter from entering
the storage box 91 from not only the horizontal direction
sides (the x axis direction side and the y axis direction
side) and the upward direction side but also the down-
ward direction side.

[0027] A pressure release operation by the pressure
release device 10 will be described. FIG. 7 is a cross-
sectional view, taken along A-A, of the pressure release
device in embodiment 1 and shows a state where the
pressure release sheet is at the opening position. When
the switch 100 stored in the storage box 91 performs a
current interruption operation, the internal pressure of
the storage box 91 is increased. As shown in FIG. 7, the
increased pressure causes increase of a load P being
applied to the movable portion 11c of the pressure re-
lease sheet 11 in a direction toward the outside of the
storage box 91. As described above, the load F is applied
to the movable portion 11c mainly by the torsion coil
spring 15. However, when the internal pressure of the
storage box 91 is increased and becomes higher than a
first pressure, the load P becomes higher than the load
F. Consequently, the deformable portion 11b starts to be
elastically deformed, whereby the movable portion 11¢
is moved away from the pressure-release-device-mount-
ing portion 91d. The movable portion 11c is pressed by
the load P and rotated about the y axis with the deform-
able portion 11b being the center of rotation. The rotation
direction is a direction (in FIG. 7, the clockwise direction)
in which the movable portion 11c is lifted. The movable
portion 11c is rotated until the lower end thereof comes
into contact with an inner wall of the cover 12. Conse-
quently, the opening position shown in FIG. 7 is reached.
By the above rotation of the movable portion 11c, the
pressing portion 15b of the torsion coil spring 15 is also
rotated. When the movable portion 11c¢ has reached the
opening position, the lower end of the pressing portion
15b and the lower end of each end portion 15¢ are also
in contact with the inner surface of the cover 12. The "first
pressure" is predetermined according to the mass of the
movable portion 11¢ and the elastic force of the torsion
coil spring 15.

[0028] When the movable portion 11c is moved away
from the pressure-release-device-mounting portion 91d
so as to open each pressure release hole 91c, gas G in
the storage box 91 starts to be discharged via the pres-
sure release hole 91c and the opening 12c to the outside
of the storage box 91. By discharging the gas G to the
outside of the storage box 91 in this manner, pressure
release is performed. The gas G discharged to the out-
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side of the storage box 91 flows into the cover 12. How-
ever, since the cover 12 covers the pressure release hole
91c without any gap, the gas G is discharged to the out-
side of the cover 12 via only the opening 12b.

[0029] When the movable portion 11c is atthe opening
position, the load P, a reaction force N (not shown) from
the inner surface of the cover 12, the load F from the
torsion coil spring 15, a load FK (not shown in FIG. 7)
due to an elastic force of the deformable portion 11b, and
a gravitational force FG (not shown in FIG. 7) are applied
to the movable portion 11c. The load P acts to secure
the movable portion 11c at the opening position, and the
reaction force N prevents further rotation of the movable
portion 11c. The load F acts to restore the movable por-
tion 11c to the closing position as shown in FIG. 7. In
addition, the deformable portion 11b attempts to return
to the original shape thereof, and thus the load FK also
acts to restore the movable portion 11c to the closing
position. In addition, the gravitational force FG also acts
to restore the movable portion 11c to the closing position.
When the internal pressure of the storage box 91 de-
creases owing to the pressure release and becomes low-
er than a second pressure, the force for retaining the
movable portion 11c at the opening position owing to the
load P becomes weaker than the force for restoring the
movable portion 11c to the closing position owing to the
load F, the load FK, and the gravitational force FG. Con-
sequently, the movable portion 11c starts a restoration
operation so as to be restored to the closing position and
is eventually restored to the closing position. After being
restored to the closing position, the movable portion 11¢
is pressed against the pressure-release-device-mount-
ing portion 91d by the pressing portion 15b, to close the
pressure release hole 91c. The "second pressure" is pre-
determined according to the mass of the movable portion
11c¢, the elastic force of the deformable portion 11b, and
the elastic force of the torsion coil spring 15.

[0030] The restoration operation of the pressure re-
lease sheet 11 will be further described. FIG. 8 is a dia-
gram for explaining the restoration operation of the pres-
sure release sheet. For comparison, in FIG. 8, the pres-
surerelease sheet 11inastate where the closing position
is taken is shown on the left side, and the pressure re-
lease sheet 11 in a state where the opening position is
taken is shown on the right side. Firstly, the gravitational
force FG acts on the center of gravity 11g of the movable
portion 11c. When the movable portion 11cis at the open-
ing position, the movable portion 11c is tilted relative to
the direction of the gravitational force FG, and thus the
gravitational force FG has a component in a direction
orthogonal to a side surface of the movable portion 11c.
In comparison between the state where the opening po-
sition is taken and the state where the closing position is
taken, the center of gravity 11g in the state where the
opening position is taken is present at a higher position
than the center of gravity 11g in the state where the clos-
ing position is taken. Thus, in the state where the opening
position is taken, a greater potential energy is obtained
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regarding the gravitational force. Therefore, the gravita-
tional force FG acts to rotate the movable portion 11c in
such a direction as to restore the movable portion 11c to
the closing position (in FIG. 8, the anticlockwise direction
about the y axis), such that: the movable portion 11c is
restored from the opening position to the closing position;
and the center of gravity 11greturns to the position having
been taken in the state where the closing position is tak-
en.

[0031] Next, the elastic force of the deformable portion
11bis described as follows. In the state where the closing
position is taken, the deformable portion 11b is not de-
formed, and thus no elastic force is generated. Mean-
while, in the state where the opening position is taken,
the deformable portion is elastically deformed such that
the +x side thereof is stretched and the -x side thereof is
shrunk. In this state, an elastic force FE is generated in
the deformable portion 11b so as to offset the elastic
deformation. Owing to the elastic force FE, the load FK
acts on the movable portion 11c, which is at the opening
position, in such a direction as to restore the movable
portion 11c¢ to the closing position.

[0032] Further, as described above, the load F also
acts on the movable portion 11c from the torsion coil
spring 15 (not shown in FIG. 8) in such a direction as to
restore the movable portion 11c to the closing position.
As described above, the pressure release device 10 is
configured such that the movable portion 11c of the pres-
sure release sheet 11 is automatically restored from the
opening position to the closing position by utilizing the
load F, the gravitational force FG, and the load FK.
[0033] The pressure release sheet 11 is implemented
by a thin sheet made from an elastically deformable resin
material. For example, it is conceivable to form the pres-
sure release sheet 11 by using insulation paper including
aramid polymer fibers. The thickness of the pressure re-
lease sheet 11is notlimited. However, a pressure release
sheet 11 formed to have a smaller thickness has a lower
weight and leads to a lower load generated in the pres-
sure release sheet 11 by impact and vibration due to
operation of the switch 100, and thus, can lead to a lower
load (closing load) for retaining the pressure release
sheet 11 at the closing position. When the closing load
becomes lower, a torsion coil spring 15 having a smaller
size can be used, whereby the size and the weight of the
pressure release device 10 can also be decreased. In
addition, in a case where the pressure release sheet 11
is formed to have a smaller thickness, the elastic force
of the deformable portion 11b and the gravitational force
that acts on the movable portion 11c also become weak-
er. As described above, the elastic force of the deform-
able portion 11b and the gravitational force that acts on
the movable portion 11c are exerted so as to move the
movable portion 11c to the closing position. Thus, in a
case where these forces are weak, it becomes easy to
move the movable portion 11c to the opening position at
the time of pressure release. Consequently, when the
internal pressure of the storage box 91 is increased
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through a currentinterruption operation performed by the
switch 100, the movable portion 11c is moved to the
opening position in a shorter time, whereby increase of
the internal pressure of the storage box 91 can be further
suppressed. In this case, the strength required of the
storage box 91 can be further decreased, whereby the
structure of the storage box 91 can be further simplified,
and the weight of the storage box 91 can be further de-
creased.

[0034] In contrast, in a case where the thickness of the
pressure release sheet 11 is increased, as compared to
the case where the pressure release sheet 11 is formed
to have a smaller thickness, the above advantageous
effects such as decrease in the weight deteriorate but
the strength of the pressure release sheet 11 can be in-
creased.

[0035] According to embodiment 1, it is possible to
achieve decrease of the weight of the storage box while
preventing foreign matter from entering the storage box.
Specifically, the movable portion of the pressure release
sheetin embodiment 1is configured torealize restoration
from the opening position to the closing position by uti-
lizing only the elastic force of the pressure release sheet
itself, the elastic force of the torsion coil spring, and the
gravitational force, whereby the movable portion of the
pressure release sheet can be realized with a simple and
lightweight configuration. A larger extent of opening of
the pressure release hole causes pressure release to be
performed at a higher speed, and thus a faster movement
of the movable portion from the closing position to the
opening position causes pressure release to be per-
formed at a higher speed. Decrease in the weight of the
movable portion as described above leads to the follow-
ing advantage. That is, in consideration of influence of
the gravitational force, a movable portion having a lower
weight is moved from the closing position to the opening
position in a shorter time so as to allow pressure release
to be performed more quickly, whereby increase of the
internal pressure of the storage box can be more effec-
tively suppressed. In a case where increase of the inter-
nal pressure of the storage box can be more effectively
suppressed, the strength required of the storage box may
be low. Consequently, the structure of the storage box
can be simplified, and the weight of the storage box can
be decreased. In addition, the upper portion and the side
portions of the pressure release sheet are covered with
the cover, whereby foreign matter is also prevented from
entering the storage box.

[0036] Itis generally known thatincrease in the internal
pressure of the storage box at the time of current inter-
ruption facilitates a restrike of an arc in an arc extinguish-
ing chamber inside the switch 100. When a restrike of an
arc occurs, the arc voltage generated by the switch 100
decreases, whereby a problem arises in that the period
for current interruption is elongated. However, the pres-
sure release device in embodiment 1 also has the ad-
vantageous effect of suppressing increase of the internal
pressure of the storage box, whereby it is possible to
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realize prevention of a restrike of an arc and shortening
of the period for current interruption.

[0037] In addition, the cover has an upper portion at
which the handle portion is integrally provided. Conse-
quently, a handle serving as a handgrip at the time of
carrying the storage box does not need to be separately
provided, whereby the number of parts can be de-
creased.

[0038] Inaddition, between each raised portion provid-
ed to the supporting body and the movable portion of the
pressure release sheet, the corresponding winding por-
tion is disposed to be sandwiched, and the width of the
gap between the raised portion and the shaft is smaller
than the thickness of the winding forming the winding
portion. Thus, the winding portion is configured such that
movement of the winding portion along the axial direction
of the shaft is restricted by the raised portion. Conse-
quently, even when vibration and impact occur in asso-
ciation with a closing operation and an opening operation
of the pressure release device, the position of the torsion
coil spring is fixed without being displaced along the axial
direction of the shaft. Therefore, the load to be applied
to the pressure release sheet can be inhibited from var-
ying.

[0039] In addition, the cover covers the pressure re-
lease hole without any gap. Thus, gas discharged to the
outside of the storage box 91 at the time of pressure
release is discharged downward from the cover via only
the opening in the lower end of the cover. Consequently,
discharged substances discharged together with the gas
frominside the storage box s discharged only downward.
Therefore, the discharged substances can be prevented
from being scattered over a wide range, whereby adverse
influence of the discharged substances on peripheral de-
vices can be suppressed.

[0040] In addition, in the state where the opening po-
sition is taken, the lower end of the movable portion of
the pressure release sheet, the fixed ends of the torsion
coil spring, and the lower end of the pressing portion are
in contact with the inner surface of the cover. Conse-
quently, the movement amounts of the movable portion
and the torsion coil spring are restricted owing to the re-
action force from the inner surface of the cover, and the
pressure release sheet and the torsion coil spring can be
prevented from being damaged.

Embodiment 2

[0041] Next, embodiment 2 will be described with ref-
erence to FIG. 9 and FIG. 10. It is noted that portions
identical or corresponding to those in FIG. 1to FIG. 8 are
denoted by the same reference characters, and descrip-
tion thereof will be omitted. FIG. 9 is a cross-sectional
view, taken along A-A, of a pressure release device in
embodiment 2 and shows a state where a pressure re-
lease sheet is at the closing position. Meanwhile, FIG.
10 shows a state where the pressure release sheet is at
the opening position. A pressure release device 20 is
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obtained by substituting the pressure release sheet 11
of the pressure release device 10 in embodiment 1 with
a pressure release sheet 21 shown in FIG. 9 and FIG.
10. The pressure release sheet 21 has a plate-shaped
portion and an arm (described later) and is made from a
material that is not easy to elastically deform. Thus, the
pressure release sheet 21 has no portion that is elasti-
cally deformed as the deformable portion 11b of the pres-
sure release sheet 11 is. The entirety of the above plate-
shaped portion of the pressure release sheet21 is a mov-
able portion 21c. The pressure release sheet 21 is made
from, for example, an iron-based metal such as iron or
stainless steel, a nonferrous metal such as aluminum or
copper, or an insulating material (a thermoplastic resin
or a thermosetting resin) such as an epoxy resin or a
polyethylene resin, and has a higher rigidity than the pres-
sure release sheet 11. The thickness of the pressure re-
lease sheet 21 is not particularly limited, but the pressure
release sheet 21 is preferably formed to have a smaller
thickness from the viewpoint of weight decrease.
[0042] The movable portion 21c of the pressure re-
lease sheet 21 has an upper end provided with an arm
27. The arm 27 is made from, for example, a metal and
is formed to be raised from the movable portion 21c. As
shown in FIG. 9, when the movable portion 21c is at the
closing position, the arm 27 extends in the -x axis direc-
tion from the movable portion 21c. The arm 27 has a hole
27a into which the shaft 14 is fitted, and the arm 27 and
the movable portion 21c are fixed to the shaft 14 fitted
into the hole 27a. With this configuration, the movable
portion 21c is rotatable together with the shaft 14. Em-
bodiment 2 is the same as embodiment 1 in that: the
torsion coil spring 15 is mounted on the shaft 14; and the
movable portion 21c is retained at the closing position
by the load of the torsion coil spring 15. In addition, em-
bodiment 2 is the same as embodiment 1 also in that the
movable portion 21c is moved from the closing position
to the opening position by increase in the internal pres-
sure of the storage box 91 at the time of current interrup-
tion. In addition, embodiment 2 is the same as embodi-
ment 1 also in that the movable portion 21c is restored
to the closing position after pressure release, although
there are no influences of elastic deformation and elastic
force as in the pressure release sheet 11 in embodiment
1. When the load F generated by the torsion coil spring
15 and the gravitational force FG (not shown in FIG. 9
and FIG. 10) become higher than the load P (not shown
in FIG. 9 and FIG. 10) generated by the internal pressure
of the storage box 91, the pressure release sheet 21
which is at the opening position is restored to the closing
position by the load F and the gravitational force FG.
[0043] The movable portion 21c has an upper end hav-
ing, on a side thereof opposed to the storage box 91, a
corner that is cut, whereby the corner is formed as a cut
portion 21f resulting from eliminating the edge. When the
movable portion 21c is moved from the closing position
to the opening position, the side ofthe upper end opposed
to the storage box 91 is pressed against the pressure-
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release-device-mounting portion 91d. At this time, when
there is an edge on said side, the edge and a surface on
the -x side of the pressure-release-device-mounting por-
tion 91d interfere with each other, whereby smooth move-
ment from the closing position to the opening position
might be hindered. However, since the cut portion 21f is
formed, the cut portion 21fis moved so as to slide on the
surface on the -x side of the pressure-release-device-
mounting portion 91d. Therefore, smooth movement of
the movable portion 21¢ from the closing position to the
opening position is not hindered.

[0044] The other features are the same as those in
embodiment 1, and thus description thereof will be omit-
ted.

[0045] Inembodiment2, the pressure release sheetis
made from a metal material or a resin material that has
a higher rigidity and that is hardly elastically deformed.
Consequently, the flame resistance and the strength of
the pressure release sheet can be further increased.

Embodiment 3

[0046] Next, embodiment 3 will be described with ref-
erence to FIG. 11. It is noted that portions identical or
corresponding to those in FIG. 1 to FIG. 10 are denoted
by the same reference characters, and description there-
of will be omitted. FIG. 11 is a cross-sectional view, taken
along A-A, of a pressure release device in embodiment
3 and shows a state where the pressure release sheet
is at the closing position. A pressure release device 30
is obtained by omitting the torsion coil spring 15 from the
pressure release device 10 in embodiment 1. In addition,
the shaft 14 and the supporting body 13 are also omitted
in association with the omission of the torsion coil spring
15. As described above, the deformable portion 11b has
elasticity, and thus sealability is obtained to some extent
with the pressure release sheet 11 alone. Specifically,
when the movable portion 11c¢ is at the closing position,
the elastic force of the deformable portion 11b applies a
load to the movable portion 11c in such a direction as to
retain the movable portion 11c at the closing position.
Meanwhile, as is known from FIG. 8, when the movable
portion 11c is at the opening position, the elastic force of
the deformable portion 11b applies a load to the movable
portion 11cin such a direction as to restore the movable
portion 11c to the closing position. Thus, an operation of
restoration from the opening position to the closing po-
sition is realized by the load due to the elastic force of
the deformable portion 11b and the gravitational force
FG without the load F of the torsion coil spring 15.
[0047] The other features are the same as those in
embodiment 1, and thus description thereof will be omit-
ted.

[0048] In embodiment 3, the torsion coil spring, the
shaft, and the supporting body are omitted, whereby the
configuration of the pressure release device can be fur-
ther simplified, and the weight of the pressure release
device can be further decreased.
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Embodiment 4

[0049] Next, embodiment 4 will be described with ref-
erence to FIG. 12. It is noted that portions identical or
corresponding to those in FIG. 1 to FIG. 12 are denoted
by the same reference characters, and description there-
of will be omitted. FIG. 12 is a front view of a pressure
release device in embodiment 4. A pressure release de-
vice 40 has a cover 42 obtained by omitting the handle
portion 12a from the cover 12 in embodiment 1.

[0050] The other features are the same as those in
embodiment 1, and thus description thereof will be omit-
ted.

[0051] Inembodiment4,the handle is omitted from the
cover, whereby the cover is downsized. Therefore, it is
possible to downsize the pressure release device and
further decrease the weight of the pressure release de-
vice.

[0052] 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.

[0053] It is therefore understood that numerous mod-
ifications which have not been exemplified can be de-
vised without departing from the scope of the present
disclosure. For example, at least one of the constituent
components may be modified, 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 men-
tioned in another preferred embodiment.

DESCRIPTION OF THE REFERENCE CHARACTERS
[0054]

10, 10A, 10B, 20, 30, 40 pressure release device
11, 111, 112, 21 pressure release sheet
11a U-shaped slit

11b, 111b, 112b deformable portion
11c, 111¢, 112c, 21c movable portion
11d, 111d, 112d fixation portion

11f1, 112 linear slit

12, 42 cover

12a handle portion

12b, 12¢ opening

12d lower end portion

13 supporting body

13a side portion

13aa through hole

13b bottom portion

13c raised portion

14 shaft
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10

15 torsion coil spring

15a winding portion

15b pressing portion

15¢ end portion

21f cut portion

27 arm

91 storage box

91Aa, 91Ab side wall

91c pressure release hole
91d pressure-release-device-mounting portion
100 switch

1000 switchgear

F load

FG gravitational force

FE elastic force

FK load

P load

Claims

1. Astorage box for storing therein a switch, the storage
box comprising:

a side wall;

a pressure release hole which is formed in the
side wall and through which aninternal pressure
of the storage box is released; and

a pressure release device, for the switch, which
is mounted on the side wall, wherein

the pressure release device for the switch in-
cludes a pressure release sheet having

a movable portion movable between a clos-
ing position at which the pressure release
hole is closed and an opening position at
which the pressure release hole is opened,
and

a deformable portion which is elastically de-
formable and which is deformed according
to movement of the movable portion, and

an elastic force of the deformable portion ap-
plies, when the movable portionis at the opening
position, a load to the movable portion in such
a direction as to restore the movable portion to
the closing position.

2. The storage box according to claim 1, wherein

a first slit portion and a second slit portion op-
posed to each other are formed in the pressure
release sheet, and

the movable portion is formed in a region inter-
posed between the first slit portion and the sec-
ond slit portion.

3. The storage box according to claim 1, wherein
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a U-shaped slitis formed in the pressure release
sheet, and

the movable portion is provided within a range
enclosed by the U-shaped slit.

The storage box according to any one of claims 1 to
3, further comprising

atorsion coil spring which applies, when the movable
portion is at the closing position, a load to the mov-
able portion in such a direction as to retain the mov-
able portion at the closing position and applies, when
the movable portion is at the opening position, a load
to the movable portion in such a direction as to re-
store the movable portion to the closing position.

The storage box according to claim 4, wherein

the movable portion is a movable portion which
is rotated with one end thereof being a central
axis of rotation,

a supporting body fixed to the side wall at both
sides thereof in a direction of the central axis,
and a shaft supported by the supporting body
by penetrating through through-holes formed in
the supporting body, are further provided, and
the torsion coil spring is fixed to the shaft.

6. Astorageboxfor storing therein a switch, the storage

box comprising:

a side wall;

a pressure release hole which is formed in the
side wall and through which an internal pressure
of the storage box is released; and

a pressure release device, for the switch, which
is mounted on the side wall, wherein

the pressure release device for the switch in-
cludes

a pressure release sheet having a movable
portion which is rotated with one end thereof
being a central axis of rotation and which is
movable between a closing position at
which the pressure release hole is closed
and an opening position at which the pres-
sure release hole is opened,

a supporting body fixed to the side wall at
both sides thereof in a direction of the cen-
tral axis,

a shaft supported by the supporting body
by penetrating through through-holes
formed in the supporting body, and

a torsion coil spring which is fixed to the
shaft and which applies, when the movable
portion is at the closing position, a load to
the movable portion in such a direction as
to retain the movable portion at the closing
position and applies, whenthe movable por-
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1"

7.

8.

10.

20

tion is at the opening position, a load to the
movable portion in such a direction as to
restore the movable portion to the closing
position,

the pressure release sheet includes

a plate-shaped portion having a flat plate
shape and

an arm provided to one end of the plate-
shaped portion and having a hole into which
the shaft is fitted, and

an entirety of the pressure release sheet is ro-
tated together with the shaft.

The storage box according to claim 5 or 6, wherein
the torsion coil spring includes

two winding portions through which the shaft
penetrates, and

a pressing portion which is formed in a U shape
and connected to one end of each of the two
winding portions and which applies a load to the
movable portion.

The storage box according to claim 7, wherein

the supporting body has two plate-shaped mem-
bers each bent into an L shape,
each of the two plate-shaped members has

a side portion which is perpendicular to the
central axis and in which a corresponding
one of the through-holes is formed,

a bottom portion perpendicular to the side
portion, and

a raised portion formed by raising a part of
the bottom portion to the shaft side, the part
being located on a side close tothe movable
portion,

with respect to the direction of the central axis,
a corresponding one of the winding portions is
sandwiched between the raised portion and the
movable portion, and,

between the raised portion and the shaft, a gap
having a width smaller than a thickness of a
winding forming the winding portion is present.

The storage box according to claim 6, wherein
the pressure release sheet has an upper end having,
on the side wall side thereof, a corner that is cut.

The storage box according to any one of claims 1 to
9, further comprising

a cover covering an upper portion and a side portion
of the pressure release sheet and having a lower
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end in which an opening is formed.

11. The storage box according to claim 7 or 8, further
comprising

a cover covering an upper portion and a side
portion of the pressure release sheetand having

a lower end in which an opening is formed,
wherein

the pressing portion is in contact with an inner 70
surface of the cover when the movable portion

is at the opening position.

12. The storage box according to claim 10 or 11, wherein
the cover has an upper portion at which a handle 75
portion capable of being gripped is integrally provid-
ed.

13. The storage box according to any one of claims 1 to
12, wherein, 20

in an ordinary state, the movable portion is re-
tained at the closing position,

when the internal pressure of the storage box is
increased through a current interruption opera- 25
tion of the switch and becomes higher than a
predetermined first pressure, the movable por-

tion is moved to the opening position so as to
release the pressure, and,

when the pressure becomes lower than a pre- 30
determined second pressure, the movable por-

tion is restored to the closing position.

14. A switchgear comprising:

35
the storage box according to any one of claims
1to 13; and
a switch stored in the storage box.
40
45
50
55
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