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(57) ABSTRACT

A disclosed power storage device includes a power storage
element, a case with a bottomed cylindrical shape having an
opening at one end and housing the power storage element,
and a sealing member for sealing the opening. The case has,
in a vicinity of the opening, a first pressing portion pressing
a side surface of the sealing member and protruding inward
of'the case, and a gas vent portion disposed nearer to the one
end of the case than an apex which is the most protruded
point of the first pressing portion. This can provide a power
storage device including an explosion-proof mechanism that
has high operational reliability and does not impair airtight-

ness.
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POWER STORAGE DEVICE, AND METHOD
FOR MANUFACTURING POWER STORAGE
DEVICE

TECHNICAL FIELD

[0001] The present disclosure relates to a power storage
device, and a method for manufacturing a power storage
device.

BACKGROUND ART

[0002] Conventionally, a power storage device (specifi-
cally, an electrolytic capacitor) which includes a power
storage element, a case having a bottomed cylindrical shape
and housing the power storage element, and a sealing
member sealing the opening of the case is known (e.g.,
Patent Literature 1). In the power storage device of Patent
Literature 1, a narrowed portion for compressing the sealing
member is formed in a vicinity of the opening in the case,
and a hole or slit is disposed in a place where the diameter
of the narrowed portion is the smallest. This hole or slit
serves as an explosion-proof mechanism to release the gas
within the case when the internal pressure of the case is
increased.

CITATION LIST

Patent Literature

[0003] [PTL 1] Japanese Examined Utility Model Appli-
cation Publication No. S59-40767

SUMMARY OF INVENTION

Technical Problem

[0004] However, the place where the diameter of the
narrowed portion is the smallest is most important for the
function of compressing the sealing member, i.e., the func-
tion of ensuring the airtightness of the power storage device.
In Patent Literature 1, in which a hole or slit is disposed in
that place, there is a risk that the airtightness of the power
storage device is impaired. On the other hand, without some
form of explosion-proof mechanism, when the internal pres-
sure of the case is increased, the sealing member may pop
out, to cause a short circuit. Under such circumstances, one
of the objectives of the present disclosure is to provide a
power storage device including an explosion-proof mecha-
nism that has high operational reliability and does not impair
the airtightness.

Solution to Problem

[0005] One aspect according to the present disclosure
relates to a power storage device. The power storage device
includes: a power storage element; a case with a bottomed
cylindrical shape having an opening at one end and housing
the power storage element; and a sealing member for sealing
the opening, wherein the case has, in a vicinity of the
opening, a first pressing portion pressing a side surface of
the sealing member and protruding inward of the case, and
a gas vent portion disposed nearer to the one end than an
apex which is the most protruded point of the first pressing
portion.
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Advantageous Effects of Invention

[0006] According to the present disclosure, a power stor-
age device including an explosion-proof mechanism that has
high operational reliability and does not impair the airtight-
ness can be obtained.

[0007] While the novel features of the invention are set
forth particularly in the appended claims, the invention, both
as to organization and content, will be better understood and
appreciated, along with other objects and features thereof,
from the following detailed description taken in conjunction
with the drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0008] FIG. 1 A schematic cross-sectional view of an
example of a power storage device according to Embodi-
ment 1 of the present disclosure, shown in a cross section
passing through a through-hole.

[0009] FIG. 2 An enlarged cross-sectional view of an
essential part of the power storage device of Embodiment 1
when the internal pressure of a case is increased.

[0010] FIG. 3 A schematic cross-sectional view of an
example of a power storage device according to Embodi-
ment 2 of the present disclosure, shown in a cross section
passing through a slit.

[0011] FIG. 4 An enlarged cross-sectional view of an
essential part of the power storage device of Embodiment 2
when the internal pressure of a case is increased.

[0012] FIG. 5 A schematic cross-sectional view of an
example of a power storage device according to Embodi-
ment 3 of the present disclosure, shown in a cross section
passing through a through-hole.

[0013] FIG. 6 A schematic side view of a case of the power
storage device of Embodiment 3.

[0014] FIG. 7 An enlarged cross-sectional view of an
essential part of the power storage device of Embodiment 3
when the internal pressure of the case is increased.

[0015] FIG. 8 A set of enlarged cross-sectional views for
explaining a piercing step of a method for manufacturing the
power storage device of Embodiment 3.

DESCRIPTION OF EMBODIMENTS

[0016] Embodiments of a power storage device, and a
method for manufacturing a power storage device according
to the present disclosure will be described below by way of
examples. It is to be noted, however, that the present
disclosure is not limited to the examples described below. In
the description below, specific numerical values and mate-
rials are exemplified in some cases, but other numerical
values and materials may be applied as long as the effects of
the present disclosure can be achieved.

[0017] The power storage device according to the present
disclosure includes a power storage element, a case with a
bottomed cylindrical shape having an opening at one end
and housing the power storage element, and a sealing
member for sealing the opening. The case has, in a vicinity
of the opening, a first pressing portion pressing the side
surface of the sealing member and protruding inward of the
case, and a gas vent portion disposed nearer to the one end
than an apex which is the most protruded point of the first
pressing portion. The gas vent portion has, for example, a
through-hole or a slit. A protrusion protruding inward of the
case may be disposed on the periphery of the through-hole.
The power storage device according to the present disclo-
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sure, for example, has a configuration like those of power
storage devices A, B, and C below, but not limited thereto.
[0018] (Power Storage Device A)

[0019] A power storage device (hereinafter referred to as
a power storage device A) according to one embodiment of
the present disclosure includes a power storage element, a
case, and a sealing member. In the following, these compo-
nents will be described.

[0020] (Power Storage Element)

[0021] The power storage element includes an electrode, a
liquid electrolyte, and the like. For example, when the power
storage device A is an electrolytic capacitor, the power
storage element includes a wound body. The wound body is
formed by winding a pair of electrodes with a separator
therebetween. The pair of electrodes may be a pair of
polarizable electrodes, or may be a combination of an anode
and a cathode. For example, when the power storage device
A is a secondary battery or a lithium ion capacitor, the power
storage element includes an electrode group. The electrode
group is formed by winding a positive electrode and a
negative electrode, with a separator interposed therebe-
tween. The power storage element may further includes a
liquid electrolyte or a liquid component.

[0022] (Case)

[0023] The case is of a bottomed cylindrical shape and has
an opening at one end, and houses the power storage
element. The case may be constituted of, for example, a
metal including aluminum, iron, nickel, and the like. The
shape of the case is not particularly limited, but may be, for
example, a bottomed cylindrical shape.

[0024] (Sealing Member)

[0025] The sealing member seals the opening of the case.
The sealing member is constituted of an elastic material
(e.g., a material including an elastic resin). The shape of the
sealing member may be a shape corresponding to that of the
case. For example, when the case has a bottomed cylindrical
shape, the sealing member may have a circular plate-like
shape, and when the case has a bottomed prismatic shape,
the sealing member may have a square plate-like shape.
[0026] As the elastic resin, a rubber component is desir-
able. As the rubber component, butyl rubber (IIR), nitrile
rubber (NBR), ethylene propylene rubber, ethylene propyl-
ene diene rubber (EPDM), chloroprene rubber (CR), iso-
prene rubber (IR), Hypalon rubber, silicone rubber, fluoro-
carbon rubber, and the like can be used singly, or in a blend.
In particular, butyl rubber, ethylene propylene rubber, fluo-
rocarbon rubber, and the like are desirable. The elastic
material may include, in addition to the elastic resin, a filler,
a carbon black, a processing aid, a crosslinking aid, and the
like, as optional components.

[0027] The case has, in a vicinity of the opening, a first
pressing portion and a second pressing portion, and a
through-hole (a gas vent portion) formed between the first
pressing portion and the second pressing portion.

[0028] The first pressing portion presses the side surface
of the sealing member and protrudes inward of the case. The
inner diameter at an apex which is the most protruding point
of the first pressing portion may be smaller than the outer
diameter of the sealing member with no load applied. The
first pressing portion may be formed by, for example, a
grooving process for reducing the diameter of part of the
opening.

[0029] The second pressing portion is disposed nearer to
the one end of the case, that is, nearer to the opening end of
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the case, than the first pressing portion, and presses the rim
of the sealing member toward inside of the case. The second
pressing portion may be formed by, for example, curling part
of the opening near its tip end.

[0030] The through-hole is disposed nearer to the one end
of'the case, that is, nearer to the opening end of the case, than
the apex which is the most protruding point of the first
pressing portion. The through-hole may be configured to
provide communication between the inside and outside of
the case, when the force acting on the first pressing portion
from the sealing member reduced below a predetermined
value due to an increase in the internal pressure of the case.
The through-hole may be disposed only on the side nearer to
one end of the case than the apex of the first pressing portion.
Only one through-hole may be disposed, or two or more
through-holes may be disposed.

[0031] Here, when the internal pressure of the case is
increased, the sealing member expands outward of the case
in the axial direction of the case. When this axial expansion
occurs, the region of the sealing member where it is in
contact with the first pressing portion is displaced in a
direction away from the first pressing portion, and this
weakens the force acting on the first pressing portion from
the sealing member (i.e., elastic repulsive force against
compression). When the acting force is reduced below a
predetermined value, the gas within the case goes through
between the sealing member and the first pressing portion.
This gas can escape through the through-hole from the
inside of the case to the outside of the case, which reduces
the internal pressure of the power storage device A, and thus,
the safety is ensured.

[0032] The through-hole of the power storage device A of
the present disclosure, unlike the hole or slit of the power
storage device of Patent Literature 1, is disposed, rather than
at the apex of the first pressing portion, nearer to the one end
of'the case, that is, nearer to the opening end of the case, than
the apex. In other words, the through-hole is not disposed at
the apex of the first pressing portion, which is an important
place in ensuring the airtightness of the power storage
device. Therefore, the through-hole does not substantially
impair the airtightness of the power storage device A.
[0033] As described above, according to one embodiment
of'the present disclosure, a power storage device A including
an explosion-proof mechanism that has high operational
reliability and does not impair the airtightness can be
provided. Also, according to one embodiment of the present
disclosure, by the operation of the explosion-proof mecha-
nism, an unexpected rupture of the power storage device A,
such as causing the sealing member and the like to scatter,
can be prevented.

[0034] The through-hole may be disposed, in the axial
direction of the case, closer to the upper surface of the
sealing member than a midpoint between the upper surface
of the sealing member and the apex which is the most
protruded point of the first pressing portion. According to
this configuration, the through-hole is positioned sufficiently
away from the apex of the first pressing portion. That is, the
through-hole is not present at the apex of the first pressing
portion and its vicinity. It is therefore possible to make the
airtightness of the power storage device A less likely to be
impaired.

[0035] The through-hole may have a circular or oval
shape. According to this configuration, a local concentration
of stress around the rim of the through-hole which may
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occur when the internal pressure of the case is increased can
be avoided. Thus, a damage to the case starting from the
through-hole is unlikely to occur.

[0036] The through-hole may have a polygonal shape.
According to this configuration, the through-hole can be
easily formed because the through-hole will be formed with
a polygonal needle or the like. Examples of the polygonal
shape include, but are not limited to, a triangle shape and a
square shape.

[0037] (Power Storage Device B)

[0038] A power storage device according to another
embodiment of the present disclosure (hereinafter, a power
storage device B) includes a power storage element, a case,
and a sealing member. In the following, these components
will be described.

[0039] (Power Storage Element)

[0040] The power storage element may be as described for
the power storage device A.

[0041] (Case)

[0042] The case may be as described for the power storage
device A.

[0043] (Sealing Member)

[0044] The sealing member may be as described for the

power storage device A.

[0045] The opening of the case has a first pressing portion
and a slit (gas vent portion).

[0046] The first pressing portion, in the vicinity of the
opening, presses the side surface of the sealing member, and
protrudes inward of the case. The inner diameter at an apex
which is the most protruding point of the first pressing
portion may be smaller than the outer diameter of the sealing
member with no load applied. The first pressing portion may
be formed by, for example, a grooving process for reducing
the diameter of part of the opening.

[0047] The slit is disposed nearer to the one end of the
case, that is, nearer to the opening end of the case, than the
apex which is the most protruding point of the first pressing
portion. The slit may be configured to provide communica-
tion between the inside and outside of the case, when the
force acting on the first pressing portion from the sealing
member is reduced below a predetermined value due to an
increase in the internal pressure of the case. The slit may be
disposed only on the side nearer to one end of the case than
the apex of the first pressing portion. Only one slit may be
disposed, or two or more slits may be disposed.

[0048] Here, when the internal pressure of the case is
increased, the sealing member expands outward of the case
in the axial direction of the case. When this axial expansion
occurs, the region of the sealing member where it is in
contact with the first pressing portion is displaced in a
direction away from the first pressing portion, and this
weakens the force acting on the first pressing portion from
the sealing member (i.e., elastic repulsive force against
compression). When the acting force is reduced below a
predetermined value, the gas within the case goes through
between the sealing member and the first pressing portion.
This gas can escape through the slit from the inside of the
case to the outside of the case, which reduces the internal
pressure of the power storage device B, and thus, the safety
is ensured.

[0049] The slit of the power storage device B of the
present disclosure, unlike the hole or slit of the power
storage device of Patent Literature 1, is disposed, rather than
at the apex of the first pressing portion, nearer to the one end
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of'the case, that is, nearer to the opening end of the case, than
the apex. In other words, the slit is not disposed at the apex
of the first pressing portion, which is an important place in
ensuring the airtightness of the power storage device. There-
fore, the slit does not substantially impair the airtightness of
the power storage device B.

[0050] As described above, according to another embodi-
ment of the present disclosure, a power storage device B
including an explosion-proof mechanism that has high
operational reliability and does not impair the airtightness
can be provided. Also, according to another embodiment of
the present disclosure, by the operation of the explosion-
proof mechanism, an unexpected rupture of the power
storage device B, such as causing the sealing member and
the like to scatter, can be prevented.

[0051] The slit may not be disposed at the apex of the first
pressing portion. The slit may not be disposed in the first
pressing portion.

[0052] The sealing member may be made of an elastic
body containing rubber as a main component. The rubber
may constitute 50 mass % or more of the elastic body.
[0053] The case may further include, in the vicinity of the
opening, a second pressing portion pressing an upper surface
of the sealing member. This can further enhance the air-
tightness of the power storage device B.

[0054] The slit may extend to the one end of the case. This
can ease the formation of the slit.

[0055] The tip of the slit may be positioned, in the axial
direction of the case, closer to an end surface (upper surface)
of the sealing member facing the outside of the case than a
midpoint between the end surface of the sealing member and
the apex of the first pressing portion. According to this
configuration, the tip of the slit is positioned sufficiently
away from the apex of the first pressing portion. That is, the
slit is not present at the apex of the first pressing portion and
its vicinity. It is therefore possible to make the airtightness
of the power storage device B less likely to be impaired.
[0056] (Power Storage Device C)

[0057] A power storage device according to yet another
embodiment of the present disclosure (hereinafter, a power
storage device C) includes a power storage element, a case,
and a sealing member. In the following, these components
will be described.

[0058] (Power Storage Element)

[0059] The power storage element may be as described for
the power storage device A.

[0060] (Case)

[0061] The case may be as described for the power storage
device A.

[0062] (Sealing Member)

[0063] The sealing member may be as described for the

power storage device A.

[0064] The case has, in a vicinity of the opening, a first
pressing portion and a second pressing portion, and a
through-hole (a gas vent portion) formed between the first
pressing portion and the second pressing portion.

[0065] The first pressing portion presses the side surface
of' the sealing member and protrudes inward of the case. The
inner diameter at an apex which is the most protruding point
of the first pressing portion may be smaller than the outer
diameter of the sealing member with no load applied. The
first pressing portion may be formed by, for example, a
grooving process for reducing the diameter of part of the
opening.
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[0066] The second pressing portion is disposed nearer to
the one end of the case, that is, nearer to the opening end of
the case, than the first pressing portion, and presses the rim
of the sealing member toward inside of the case. The second
pressing portion may be formed, for example, by curling
part of the opening near its tip end.

[0067] The through-hole is disposed nearer to the one end
of'the case, that is, nearer to the opening end of the case, than
the apex which is the most protruding point of the first
pressing portion. The through-hole may be configured to
provide communication between the inside and outside of
the case, when the force acting on the first pressing portion
from the sealing member is reduced below a predetermined
value due to an increase in the internal pressure of the case.
The through-hole may be disposed only on the side nearer to
one end of the case than the apex of the first pressing portion.
Only one through-hole may be disposed, or two or more
through-holes may be disposed.

[0068] Here, when the internal pressure of the case is
increased, the sealing member expands outward of the case
in the axial direction of the case. When this axial expansion
occurs, the region of the sealing member where it is in
contact with the first pressing portion is displaced in a
direction away from the first pressing portion, and this
weakens the force acting on the first pressing portion from
the sealing member (i.e., elastic repulsive force against
compression). When the acting force is reduced below a
predetermined value, the gas within the case goes through
between the sealing member and the first pressing portion.
This gas can escape through the through-hole from the
inside of the case to the outside of the case, which reduces
the internal pressure of the power storage device C, and thus,
the safety is ensured.

[0069] The through-hole of the power storage device C of
the present disclosure, unlike the hole or slit of the power
storage device of Patent Literature 1, is disposed, rather than
at the apex of the first pressing portion, nearer to the one end
of'the case, that is, nearer to the opening end of the case, than
the apex. In other words, the through-hole is not disposed at
the apex of the first pressing portion, which is an important
place in ensuring the airtightness of the power storage
device. Therefore, the through-hole does not substantially
impair the airtightness of the power storage device C.
[0070] In addition, the power storage device C of the
present disclosure has a protrusion protruding inward of the
case. The presence of the protrusion prevents the through-
hole from being clogged by the sealing member. That is,
even when the sealing member is deformed and approaches
the through-hole, the protrusion abuts against the side sur-
face of the sealing member, to prevent the through-hole from
being completely clogged. Here, the protruding end of the
protrusion is not continued over the entire circumference of
the through-hole. This ensures communication between the
inside and outside of the case through the through-hole even
when the sealing member abuts against the protrusion. The
through-hole may a polygonal shape (e.g., triangular shape,
square shape), and the protrusion may be formed along each
side of the polygonal shape. The length of the protrusion
may be, for example, 30% or more of the maximum diam-
eter of the through-hole.

[0071] (Method for Manufacturing Power Storage Device
0)
[0072] A method for manufacturing the power storage

device C includes a housing step, a sealing preparation step,
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a sealing completion step, and a piercing step. In the
following, these components will be described. The housing
step and the sealing preparation step may be performed
simultaneously.

[0073] In the housing step, the power storage element is
housed in the case. For example, when the power storage
device C is an electrolytic capacitor, a wound body included
in the power storage element is housed in the case such that
the axial direction of the wound body substantially coincides
with the axial direction of the case.

[0074] In the sealing preparation step, a sealing member is
disposed at the opening of the case. The sealing member
may be disposed in contact with the inner surface of the case,
or may be disposed so as not to come in contact with the
inner surface of the case.

[0075] In the sealing completion step, a first pressing
portion and a second pressing portion are formed, thereby to
complete the sealing the opening of the case. The first
pressing portion may be formed by, for example, a grooving
process for reducing the diameter of part of the opening. The
second pressing portion may be formed, for example, by
curling part of the opening. The first pressing portion and the
second pressing portion may be formed in this order, or may
be formed substantially simultaneously. Alternatively, the
formation of the second pressing portion may be started
during the formation of the first pressing portion.

[0076] In the piercing step, after the sealing completion
step, a through-hole and a protrusion are formed between the
first pressing portion and the second pressing portion in the
case. In the piercing step, the through-hole may be formed
by piercing the case with the tip of a tool with a sharp point
(e.g., a needle). The tip of the tool may be polygonal
pyramid-shaped. With the tip of the tool being polygonal
pyramid-shaped (e.g., triangular pyramid-shaped, quadran-
gular pyramid-shaped), the protrusion can be stably formed.

[0077] As described above, according to the present dis-
closure, a power storage device C including an explosion-
proof mechanism that has high operational reliability and
does not impair the airtightness, and its manufacturing
method can be provided. Also, according to the present
disclosure, by the operation of the explosion-proof mecha-
nism, an unexpected rupture of the power storage device C,
such as causing the sealing member and the like to scatter,
can be prevented.

[0078] In the following, examples of the power storage
device and the method for manufacturing a power storage
device according to the present disclosure will be specifi-
cally described with reference to the drawings. The compo-
nents and processes as described above can be applied to the
components and processes of the below-described examples
of the power storage device and the method for manufac-
turing a power storage device. The components and pro-
cesses of the below-described examples of the power storage
device and the method for manufacturing a power storage
device can be modified based on the description above. The
matters as described below may be applied to the above
embodiments. Of the components and processes of the
below-described examples of the power storage device and
the method for manufacturing a power storage device, the
components and processes which are not essential to the
power storage device and the method for manufacturing a
power storage device according to the present disclosure
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may be omitted. The figures below are schematic and not
intended to accurately reflect the shape and the number of
the actual members.

Embodiment 1

[0079] Embodiment 1 of the present disclosure will be
described. As illustrated in FIG. 1, a power storage device 10
of the present embodiment is constituted as an electrolytic
capacitor and includes a power storage element 11, a case
20, and a sealing member 30.

[0080] The power storage element 11 includes a wound
body. The wound body is formed by winding an anode foil
and a cathode foil, with a separator interposed therebetween.
To the anode foil and the cathode foil, lead tabs 12A and 12B
are connected, respectively, at their one ends. The wound
body is constituted by winding together with the lead tabs
12A and 12B. To the other ends of the lead tabs 12A and
12B, lead wires 13A and 13B are connected, respectively.
[0081] The case 20 is of a bottomed cylindrical shape and
has an opening 21 at one end, and houses the power storage
element 11. The case 20 of the present embodiment is
constituted of aluminum, but is not limited thereto. The case
20 of the present embodiment is of a bottomed cylindrical
shape, but is not limited thereto. The length in the axial
length of the case 20, in a state before forming a first
pressing portion 22 and a second pressing portion 23
described below, may be, for example, 60 to 80 mm. The
outer diameter of the case 20 may be, for example, 16 to 20
mm.

[0082] The sealing member 30 seals the opening 21 of the
case 20. The sealing member 30 of the present embodiment
has a circular plate-like shape, but is not limited thereto. The
thickness of the sealing member 30 (the length in the axial
direction of the case 20) may be, for example, 3 to 7 mm.
The sealing member 30 may be made of an elastic body
containing a rubber as a main component. The rubber may
constitute 50 mass % or more of the elastic body.

[0083] The opening 21 of the case 20 has, in a vicinity of
the opening 21, the first pressing portion 22 and the second
pressing portion 23, and a through-hole 24 formed between
the second pressing portion 23 and the first pressing portion
22. The through-hole 24 is an example of a gas vent portion.
[0084] The first pressing portion 22 presses the side sur-
face of the sealing member 30 and protrudes inward of the
case 20. The inner diameter of an apex 22a of the first
pressing portion 22 is smaller than the outer diameter of the
sealing member 30 with no load applied. The first pressing
portion 22 of the present embodiment is formed by a
grooving process for reducing the diameter of part of the
opening 21, but is not limited thereto.

[0085] The second pressing portion 23 is disposed nearer
to the one end (i.e., nearer to the opening end) of the case 20
than the first pressing portion 22, and presses the rim of the
sealing member 30. In other words, the second pressing
portion 23, in the vicinity of the opening 21, presses an
upper surface 30a of the sealing member 30. The second
pressing portion 23 of the present embodiment is formed by
curling part of the opening 21, but is not limited thereto.
[0086] The through-hole 24 is disposed nearer to the one
end of the case 20 (i.e., nearer to the opening end) than the
apex 22a of the first pressing portion 22. That is, the
through-hole 24 is not disposed at the apex 22a of the first
pressing portion 22. The through-hole 24 is disposed, in the
axial direction of the case 20, closer to an end surface (upper
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surface) 30a of the sealing member 30 facing outside of the
case 20 than a midpoint MP between the end surface 30a of
the sealing member 30 and the apex 22a. Part of the opening
21 located nearer to the opening end than the apex 22a of the
first pressing portion 22 may not be partially in contact with
the sealing member 30. That is, in a location nearer to the
opening end than the apex 22a of the first pressing portion
22, there may be a gap between the inner surface of the
opening 21 and the side surface of the sealing member 30.
The through-hole 24 of the present embodiment has a
circular shape, but is not limited thereto. For example, the
through-hole 24 may have a polygonal shape.

[0087] The distance from one end of the case 20 before
forming the second pressing portion 23 to the center of the
through-hole 24 (the distance in the direction parallel to the
axial direction of the case 20) may be, for example, 0.25xD
to 0.9xD, where D is the distance from one end of the case
20 before forming the second pressing portion 23 to the apex
22a of the first pressing portion 22. The distance D of the
present embodiment may be, for example, 2 to 8 mm. The
diameter of the through-hole 24 may be, for example, to 2
mm.

[0088] The through-hole 24 provides communication
between the inside and outside of the case 20, when the force
acting on the first pressing portion 22 from the sealing
member is reduced below a predetermined value due to an
increase in the internal pressure of the case 20. On the other
hand, when the acting force is equal to or greater than the
predetermined value, the through-hole 24 does not provide
communication between the inside and outside of the case
20.

[0089] Here, as illustrated in FIG. 2, when the internal
pressure of the case 20 is increased, the sealing member 30
expands outward of the case 20 in the axial direction of the
case 20. When this axial expansion occurs, the region of the
sealing member 30 where it is in contact with the first
pressing portion 22 is displaced in a direction away from the
first pressing portion 22 (i.e., radially inward), and this
weakens the force acting on the first pressing portion 22
from the sealing member 30 (i.e., elastic repulsive force
against compression). When the acting force is reduced
below a predetermined value, the gas within the case 20 goes
through between the sealing member 30 and the first press-
ing portion 22. This gas can escape through the through-hole
24 from the inside of the case to the outside of the case 20,
and thus, the safety of the power storage device 10 can be
ensured.

Embodiment 2

[0090] Embodiment 2 of the present disclosure will be
described. As illustrated in FIG. 3, a power storage device 10
of the present embodiment is constituted as an electrolytic
capacitor and includes a power storage element 11, a case
20, and a sealing member 30.

[0091] The power storage element 11 may be as described
for the above Embodiment 1.

[0092] The case 20 may be as described for the above
Embodiment 1.
[0093] The sealing member 30 may be as described for the

above Embodiment 1.

[0094] An opening 21 of the case 20 has a first pressing
portion 22, a second pressing portion 23, and a slit 26. The
slit 26 is one example of the gas vent portion.
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[0095] The first pressing portion 22, in a vicinity of the
opening 21, presses the side surface of the sealing member
30 and protrudes inward of the case 20. The inner diameter
of'an apex 22a of the first pressing portion 22 is smaller than
the outer diameter of the sealing member 30 with no load
applied. The first pressing portion 22 of the present embodi-
ment is formed by a grooving process for reducing the
diameter of part of the opening 21, but is not limited thereto.
[0096] The second pressing portion 23 is disposed nearer
to the one end (i.e., nearer to the opening end) of the case 20
than the first pressing portion 22, and presses the rim of the
sealing member 30. In other words, the second pressing
portion 23, in the vicinity of the opening 21, presses an
upper surface 30a of the sealing member 30. The second
pressing portion 23 of the present embodiment is formed by
curling part of the opening 21, but is not limited thereto.
[0097] The slit 26 is disposed nearer to the one end (i.e.,
nearer to the opening end) of the case 20 than the apex 22a
of the first pressing portion 22. That is, the slit 26 is not
disposed at the apex 224 of the first pressing portion 22. The
slit 26 is formed from one end of the case 20, to a
predetermined position between the one end of the case 20
and the apex 22a of the first pressing portion 22. In the axial
direction of the case 20, the tip of the slit 26 is positioned
closer to an end surface (upper surface) 30a of the sealing
member 30 facing the outside of the case 20 than a midpoint
MP between the end surface 30a of the sealing member 30
and the apex 22a of the first pressing portion 22. Part of the
opening 21 located nearer to the opening end than the apex
22a of the first pressing portion 22 may not be partially in
contact with the sealing member 30. That is, in a location
nearer to the opening end than the apex 22a of the first
pressing portion 22, there may be a gap between the inner
surface of the opening 21 and the side surface of the sealing
member 30.

[0098] The length of the slit 26 (the length in the direction
parallel to the axial direction of the case 20) may be, for
example, 0.25xD to 0.9xD, where D is the distance from one
end of the case 20 before forming the second pressing
portion 23 to the apex 22a of the first pressing portion 22.
The distance D of the present embodiment may be, for
example, 2 to 8 mm. The width of the slit 26 (the length in
the circumferential direction of the case may be, for
example, 0.2 to 0.5 mm.

[0099] The slit 26 provides communication between the
inside and outside of the case when the force acting on the
first pressing portion 22 from the sealing member 30 is
reduced below a predetermined value due to an increase in
the internal pressure of the case 20. On the other hand, when
the acting force is equal to or greater than the predetermined
value, the slit 26 does not provide communication between
the inside and outside of the case 20.

[0100] Here, as illustrated in FIG. 4, when the internal
pressure of the case 20 is increased, the sealing member 30
expands outward of the case 20 in the axial direction of the
case 20. When this axial expansion occurs, the region of the
sealing member 30 where it is in contact with the first
pressing portion 22 is displaced in a direction away from the
first pressing portion 22 (i.e., radially inward), and this
weakens the force acting on the first pressing portion 22
from the sealing member 30 (i.e., elastic repulsive force
against compression). When the acting force is reduced
below a predetermined value, the gas within the case 20 goes
through between the sealing member 30 and the first press-
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ing portion 22. This gas can escape through the slit 26 from
the inside of the case 20 to the outside of the case 20, and
thus, the safety of the power storage device 10 can be
ensured.

Embodiment 3

[0101] Embodiment 3 of the present disclosure will be
described. As illustrated in FIGS. 5 and 6, a power storage
device 10 of the present embodiment is constituted as an
electrolytic capacitor and includes a power storage element
11, a case 20, and a sealing member 30.

[0102] The power storage element 11 may be as described
for the above Embodiment 1.

[0103] The case 20 may be as described for the above
Embodiment 1.
[0104] The sealing member 30 may be as described for the

above Embodiment 1.

[0105] An opening 21 of the case 20 has, in a vicinity of
the opening 21, a first pressing portion 22 and a second
pressing portion 23, and a through-hole 24 formed between
the second pressing portion 23 and the first pressing portion
22. The through-hole 24 is one example of the gas vent
portion.

[0106] The first pressing portion 22 presses the side sur-
face of the sealing member 30 and protrudes inward of the
case 20. The inner diameter at an apex 22a of the first
pressing portion 22 is smaller than the outer diameter of the
sealing member 30 with no load applied. The first pressing
portion 22 of the present embodiment may be formed by a
grooving process for reducing the diameter of part of the
opening 21, but is not limited thereto.

[0107] The second pressing portion 23 is disposed nearer
to the one end (i.e., nearer to the opening end) of the case 20
than the first pressing portion 22, and presses the rim of the
sealing member 30. In other words, the second pressing
portion 23, in the vicinity of the opening 21, presses an
upper surface 30a of the sealing member 30. The second
pressing portion 23 of the present embodiment is formed by
curling part of the opening 21, but is not limited thereto.

[0108] The through-hole 24 is disposed nearer to the one
end (i.e., nearer to the opening end) of the case 20 than the
apex 22a of the first pressing portion 22. That is, the
through-hole 24 is not disposed at the apex 22a of the first
pressing portion 22. Part of the opening 21 located nearer to
the opening end than the apex 22a of the first pressing
portion 22 may not be partially in contact with the sealing
member 30. That is, in a location nearer to the opening end
than the apex 22a of the first pressing portion 22, there may
be a gap between the inner surface of the opening 21 and the
side surface of the sealing member 30. The through-hole 24
of the present embodiment has a square shape, but is not
limited thereto. For example, the through-hole 24 may have
a circular shape, or may have a polygonal shape other than
a square shape.

[0109] The distance from one end of the case 20 before
forming the second pressing portion 23 to the center of the
through-hole 24 (the distance in the direction parallel to the
axial direction of the case 20) may be, for example, 0.25xD
to 0.9xD, where D is the distance from one end of the case
20 before forming the second pressing portion 23 to the apex
22a of the first pressing portion 22. The distance D of the
present embodiment may be, for example, 2 to 8 mm. The



US 2023/0395330 Al

diameter of the through-hole 24 (the diameter of the cir-
cumscribed circle of the through-hole 24) may be, for
example, 0.5 to 2 mm.

[0110] The through-hole 24 provides communication
between the inside and outside of the case 20, when the force
acting on the first pressing portion 22 from the sealing
member 30 is reduced below a predetermined value due to
an increase in the internal pressure of the case 20. On the
other hand, when the acting force is equal to or greater than
the predetermined value, the through-hole 24 does not
provide communication between the inside and outside of
the case 20.

[0111] Here, as illustrated in FIG. 7, when the internal
pressure of the case 20 is increased, the sealing member 30
expands outward of the case 20 in the axial direction of the
case 20. When this axial expansion occurs, the region of the
sealing member 30 where it is in contact with the first
pressing portion 22 is displaced in a direction away from the
first pressing portion 22 (i.e., radially inward), and this
weakens the force acting on the first pressing portion 22
from the sealing member 30 (i.e., elastic repulsive force
against compression). When the acting force is reduced
below a predetermined value, the gas within the case 20 goes
through between the sealing member 30 and the first press-
ing portion 22. This gas can escape through the through-hole
24 from the inside of the case 20 to the outside of the case
20, and thus, the safety of the power storage device 10 can
be ensured.

[0112] As illustrated in FIGS. 5 and 6, the power storage
device 10 has a protrusion 25 protruding inward of the case
20 on the periphery of the through-hole 24. In the present
embodiment, four projections 25 each having a triangular
shape are formed along respective sides of the square
through-hole 24. Each protrusion 25 has a width that nar-
rows from the base end toward the tip end. Therefore, the
protruding end of the protrusion 25 is not continuous over
the entire circumference of the through-hole 24. Each pro-
jection 25 may be formed, along with when the through-hole
24 is formed in the case 20.

[0113] The presence of the protrusion 25 prevents the
through-hole 24 from being clogged by the sealing member
30. That is, even when the sealing member 30 is deformed
and approaches the through-hole 24, the projection 25 abuts
against the side surface of the sealing member 30, to prevent
the through-hole 24 from being completely clogged (see, for
example, FIG. 7).

[0114] (Method for Manufacturing Power Storage Device)
[0115] A method for manufacturing the above-described
power storage device 10 will be described below. The
manufacturing method includes a housing step, a sealing
preparation step, a sealing completion step, and a piercing
step.

[0116] In the housing step, a power storage element 11 is
housed in a case 20. In the present embodiment, the power
storage device 10 is an electrolytic capacitor. A wound body
included in the power storage element 11 is housed in the
case 20 such that the axial direction of the wound body
substantially coincides with the axial direction of the case
20.

[0117] In the sealing preparation step, a sealing member
30 is disposed at an opening 21 of the case 20. The sealing
member 30 may be disposed so as to be in contact with the
inner surface of the case 20 or may be disposed so as not to
be in contact with the inner surface of the case 20.
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[0118] In the sealing completion step, a first pressing
portion 22 and a second pressing portion 23 are formed. The
first pressing portion 22 is formed by a grooving process for
reducing the diameter of part of the opening 21. The second
pressing portion 23 is formed by curling part of the opening
21. In the present embodiment, the formation of the first
pressing portion 22 is started first, and during the formation
thereof, the formation of the second pressing portion 23 is
started. Thus, the opening 21 of the case 20 is sealed.

[0119] The piercing step is performed after the sealing
completion step. In the piercing step, a through-hole 24 and
a projection 25 are formed between the first pressing portion
22 and the second pressing portion 23 in the case 20. In the
piercing step of the present embodiment, as illustrated in
FIG. 8, the through-hole 24 is formed by piercing the case
20 with the tip of a needle 40. The tip of the needle 40 has
a quadrangular pyramid shape. The needle 40 is an example
of a tool with a sharp point.

EXAMPLES

[0120] With respect to power storage devices 10 of
Examples 1 to 5 and Comparative Example 1 shown below,
the relationship between the position of a through-hole 24
and the operating pressure of the explosion-proof mecha-
nism was measured. Here, the operating pressure of the
explosion-proof mechanism refers to an internal pressure of
a case 20 at the time when, with increase in the internal
pressure of the case 20, the inside and outside of the case 20
become communicated with each other via the through-hole
24. The power storage devices 10 of Examples 1 to 5
correspond to the above Embodiment 1.

Example 1

[0121] The outer diameter of the case 20 made of alumi-
num was set to 18 mm. The axial length of the case 20 before
forming the first pressing portion 22 and the second pressing
portion 23 was set to 70 mm, and the distance from one end
of'the case 20 before forming the second pressing portion 23
to an apex 22a of the first pressing portion 22 was set to 4.5
mm. The thickness of the sealing member 30 made of butyl
rubber was set to 5 mm, and the outer diameter of the sealing
body 30 before compression was set to 17.1 mm. The
diameter of the through-hole 24 was set to 1 mm, and the
distance from one end of the case 20 before forming the
second pressing portion 23 to the center of the through-hole
24 (hereinafter, simply, the “distance to the through-hole
24”) was set to 1.1 mm. The operating pressure of the
explosion-proof mechanism was 2.06 MPa.

Example 2

[0122] The distance to the through-hole 24 was set to 1.73
mm, and other configurations except this were set the same
as those in Example 1. The operating pressure of the
explosion-proof mechanism was 2.07 MPa.

Example 3

[0123] The distance to the through-hole 24 was set to 2.22
mm, and other configurations except this were set the same
as those in Example 1. The operating pressure of the
explosion-proof mechanism was 2.04 MPa.
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Example 4

[0124] The distance to the through-hole 24 was set to 2.59
mm, and other configurations except this were set the same
as those in Example 1. The operating pressure of the
explosion-proof mechanism was 2.04 MPa.

Example 5

[0125] The distance to the through-hole 24 was set to 3.33
mm, and other configurations except this were set the same
as those in Example 1. The operating pressure of the
explosion-proof mechanism was 2.06 MPa.

Comparative Example 1

[0126] The distance to the through-hole 24 was set to 4.26
mm, and other configurations except this were set the same
as those in Example 1. Specifically, the through-hole 24 was
formed such that part of it was positioned closer to the other
end of the case 20 than the apex 22a of the first pressing
portion 22. The operating pressure of the explosion-proof
mechanism was 1.12 MPa.

[0127] As described above, between Examples 1 to 5 and
Comparative Example 1, a difference of approximately two
times was observed in the operating pressure of the explo-
sion-proof mechanism. Moreover, in Examples 1 to 5, the
operating pressure of the explosion-proof mechanism was
substantially constant. A higher operating pressure of the
explosion-proof mechanism is preferable as long as a
desired operation can be obtained. It can be said therefore
that the superiority of Examples 1 to 5 was demonstrated.

[0128] Furthermore, with respect to power storage devices
10 of Examples 6 to 9 and Comparative Example 2 shown
below, the relationship between the length of the slit 26 and
the operating pressure of the explosion-proof mechanism
was measured. Here, the operating pressure of the explo-
sion-proof mechanism refers to an internal pressure of the
case 20 at the time when, with increase in the internal
pressure of the case 20, the inside and outside of the case 20
become communicated with each other via the slit 26. The
power storage devices 10 of Examples 6 to 9 correspond to
the above Embodiment 2.

Example 6

[0129] The outer diameter of the case 20 made of alumi-
num was set to 18 mm. The axial length of the case 20 before
forming the first pressing portion 22 and the second pressing
portion 23 was set to 70 mm, and the distance from one end
of the case 20 before forming the second pressing portion 23
to an apex 22a of the first pressing portion 22 was set to 4.5
mm. The thickness of the sealing member 30 made of butyl
rubber was set to 5 mm, and the outer diameter of the sealing
body 30 before compression was set to 17.1 mm The width
of the slit 26 was set to 0.3 mm, and the length of the slit 26
was set to 1 mm. The operating pressure of the explosion-
proof mechanism was 1.98 MPa.

Example 7

[0130] The length of the slit 26 was set to 2 mm, and other
configurations except this were set the same as those in
Example 6. The operating pressure of the explosion-proof
mechanism was 1.87 MPa.

Dec. 7, 2023

Example 8

[0131] The length of the slit 26 was set to 3 mm, and other
configurations except this were set the same as those in
Example 6. The operating pressure of the explosion-proof
mechanism was 1.66 MPa.

Example 9

[0132] The length of the slit 26 was set to 4 mm, and other
configurations except this were set the same as those in
Example 6. The operating pressure of the explosion-proof
mechanism was 1.58 MPa.

Example 10

[0133] The length of the slit 26 was set to 5 mm, and other
configurations except this were set the same as those in
Example 6. The operating pressure of the explosion-proof
mechanism was 0.15 MPa.

[0134] As described above, between Examples 6 to 9 and
Comparative Example 2, a difference of approximately one
order was observed in the operating pressure of the explo-
sion-proof mechanism. A higher operating pressure of the
explosion-proof mechanism is preferable as long as a
desired operation can be obtained. It can be said therefore
that the superiority of Examples 6 to 9 was demonstrated.

[0135] Although the present invention has been described
in terms of the presently preferred embodiments, it is to be
understood that such disclosure is not to be interpreted as
limiting. Various alterations and modifications will no doubt
become apparent to those skilled in the art to which the
present invention pertains, after having read the above
disclosure. Accordingly, it is intended that the appended
claims be interpreted as covering all alterations and modi-
fications as fall within the true spirit and scope of the
invention.

INDUSTRIAL APPLICABILITY

[0136] The present disclosure is applicable to a power
storage device, and a method for manufacturing a power
storage device.

[Reference Signs List]

10: power storage device
11: power storage element
12A, 12B: lead tab
13A, 13B: lead wire
20: case
21: opening
22: first pressing portion
22a: apex
23: second pressing portion
24: through-hole (gas vent portion)
25: protrusion
26: slit (gas vent portion)
30: sealing member
30a: end surface (upper surface)
40: needle (tool)
MP: midpoint
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1. A power storage device, comprising:

a power storage element;

a case with a bottomed cylindrical shape having an
opening at one end and housing the power storage
element; and

a sealing member for sealing the opening, wherein

the case has,

in a vicinity of the opening, a first pressing portion
pressing a side surface of the sealing member and
protruding inward of the case, and

a gas vent portion disposed nearer to the one end than an
apex which is the most protruded point of the first
pressing portion.

2. The power storage device according to claim 1, wherein

the gas vent portion has a through-hole.

3. The power storage device according to claim 2, wherein
the through-hole is disposed, in an axial direction of the
case, closer to an upper surface of the sealing member than
a midpoint between the upper surface of the sealing member
and the apex which is the most protruded point of the first
pressing portion.

4. The power storage device according to claim 2, wherein
the through-hole has a circular or oval shape.

5. The power storage device according to claim 2, wherein
the through-hole has a polygonal shape.

6. The power storage device according to claim 1, wherein
the case further has, in the vicinity of the opening, a second
pressing portion pressing an upper surface of the sealing
member.

7. The power storage device according to claim 6, wherein
the gas vent portion is disposed between the first pressing
portion and the second pressing portion in the case.

8. The power storage device according to claim 1, wherein
the gas vent portion has a slit.

9. The power storage device according to claim 8, wherein
the slit is not disposed at the apex.

10. The power storage device according to claim 8,
wherein the sealing member comprises an elastic material
mainly composed of a rubber.

11. The power storage device according to claim 8,
wherein the case further includes, in the vicinity of the
opening, a second pressing portion pressing an upper surface
of the sealing member.
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12. The power storage device according to claim 8,
wherein the slit extends to the one end of the case.

13. The power storage device according to claim 1,
wherein

the gas venting portion has a through-hole, and

a protrusion protruding inward of the case is formed on a

periphery of the through-hole.

14. The power storage device according to claim 13,
wherein

the through-hole has a polygonal shape, and

the protrusion is formed along each side of the polygon

shape.

15. The power storage device according to claim 13,
wherein the case further includes, in the vicinity of the
opening, a second pressing portion pressing an upper surface
of the sealing member.

16. The power storage device according to claim 15,
wherein the gas vent portion is disposed between the first
pressing portion and the second pressing portion in the case.

17. A method for manufacturing a power storage device,
the method for manufacturing the power storage device of
claim 13, and the method comprising:

a piercing step of forming the through-hole by piercing

the case with a tip of a tool with a sharp point.

18. The method for manufacturing a power storage device
claim 17, wherein the tip of the tool is polygonal pyramid-
shaped.

19. A method for manufacturing a power storage device,
the method for manufacturing the power storage device of
claim 15, and the method comprising:

ahousing step of housing the power storage element in the

case;

a sealing preparation step of disposing the sealing mem-

ber at the opening;

a sealing completion step of forming the first pressing

portion and the second pressing portion; and

a piercing step of forming the through-hole and the

protrusion between the first pressing portion and the
second pressing portion in the case, after the sealing
completion step.
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