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(57) Abrege/Abstract:
A safety valve (40, 140, 240, 340) formed In a portion of a case of a sealed battery includes a fracture groove portion (50, 150, 250,

350) formed In a thin portion (42, 142, 242, 342). The thin portion (42, 142, 242, 342) Is formed In a horizontally long shape or a
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(57) Abrege(suite)/Abstract(continued):

vertically long shape that has a curved outer edge portion (45, 145, 245, 345) in which at least a portion of the outer edge portion
(43) Is curved. This thin portion (42, 142, 242, 342) has a center straight groove portion (60, 160, 260, 360) that extends in the
longer direction of the thin portion in the center portion of the thin portion, and a pair of side groove portions (70, 170, 270, 370)
that are formed In both side In the longer direction of the center straight groove portion (60, 160, 260, 360) and connected to
longer direction end portions (60A, 60B, 160A, 160B, 260A, 260B) of the center straight groove portion. Here, a portion of the side
groove portion (70, 170, 270, 370) Is formed curved following the curved outer edge portion (45, 145, 245, 345).
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(57) Abstract: A safety valve (40, 140, 240, 340) formed
in a portion of a case of a sealed battery includes a fracture
groove portion (50, 150, 250, 350) formed in a thin portion
(42, 142, 242, 342). The thin portion (42, 142, 242, 342) is
formed mm a horizontally long shape or a vertically long
shape that has a curved outer edge portion (45, 145, 245,
345) 1n which at least a portion of the outer edge portion
(43) is curved. This thin portion (42, 142, 242, 342) has a
center straight groove portion (60, 160, 260, 360) that ex-
tends 1 the longer direction of the thin portion in the cen-
ter portion of the thin portion, and a pair of side groove
portions (70, 170, 270, 370) that are formed in both side in
the longer direction of the center straight groove portion
(60, 160, 260, 360) and connected to longer direction end
portions (60A, 60B, 160A, 160B, 260A, 260B) of the cen-
ter straight groove portion. Here, a portion of the side
groove portion (70, 170, 270, 370) 1s formed curved fol-
lowing the curved outer edge portion (45, 145, 245, 345).
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SEALED BATTERY AND VEHICLE

BACKGROUND OF THE INVENTION

] Field of the Invention ‘

[0001] The invention relates to a seéled battery in which an electrode body 1s
housed together with an elec;cx'olyte inside a sealed case. More particularly, the
invention relates to a sealed battery provided with a safety valve that opens when the

internal pressure of the case rises. The invention also relates to a vehicle provided with

this sealed battery.

- 2. Description of the Related Art .
[0002] Lithium-ion batteries and other sealed secondary batteries have become

" increasingly important in recent years as onboard power supplies for vehicles and power
supplies for personal computers and portable terminals and the like. In particular,
lithium-ion batteries, which are lightweight and capable of obtaining high energy density,
are also used as onboard high output power supplies for vehicles. These sealed batteries

- are typically pfovided with an internal pressure release mechanism .for releasing the gas
pressure inside the case (i.e., the internal pressure) when it rises excessively due to
overcharging or the like. Jaﬁanese Patent Application Publication No. 11-273640
(JP-A-11-27364'O), Japanese Patent Application Publicatiqn No. 2001-102024
(JP-A-2001-102024), and Japanese Patent Application Publication No. 2001-256944

- (JP-A-2001-256944), for ei(ample, describe one representative example of such an
internal pressurf: release mechanism that is a so-called safety valve that is made by
férming a thin portion (typically made of metal) that is thinner than any other part of the
case in a portion of the case. This safety valve is structured such that when the internal

préssure of the case becomes equal to or greater than a predetermined value (i.e., an

opening pressure), the thin portion fractures (opens) to release that internal pressure.

CONFIRMATION COPY
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[0003] . FIG 15 shows one example of the structure of the safety valve formed in
a portion of a sealed battery case. The safety valve 2 shown in the drawing is formed
from a thin portion 3 having a horizontally long shape (more specifically, an oval shape
in which both sides in the longer direction are semicircles) and thinner than any other part
of the battery case, and a fracture groove portion (an impressed plortion). 4 formed in the
thin portion 3.  If the internal pressﬁre of the case becomes equal to or greater than a
predetermined value (i.e., an opening pressure), that internal pressure will cause the
fracture groove portibn 4 to fracture and the thin portion 3 will typically turn outward,

- therebf opening the valve, as shown in FIG 16.

[0004]  With the sa'fety valve 2 described above, the area of the open portion S of
the thin portion 3 that-opens tends to be limited, as shown 1n FIG 16. In particular, 1t 1s
difficult for the opeﬁings at both end portions in the longer direction of the horizontally

- long shaped (or vertically long shaped) thin portion to open. Howevér, with this typé of
- safety valve, when the internal pressure of the case rises above a predeterrninéd level, it is
necessary to open the vajve‘ as quickly as possible and open the thin portion wider in
order to qu'icldy release the gas generated in the case outside the battery. However, if a'
surplus of fracture groove portions are fonﬁed in the thin portion or the depth of the
fracfuré groove portion is made excessively deep (i.e., 1f the groove' portion is’ Jnade
extremely thin) in order to accomplish this, the safety valve méy open before the internal
‘pressure of the case exceeds the predetermined level (such as when the internal pressure
rises abnormally). .

[0005] Therefore, forming a surplus of the excessive fracture groove portions 1n
the thin portion or making the depth of the fracture groove portion excessively deep (1.e.,
making the groove portion extremely thin) may also result in variation in the internal
pressure of the case at which the valve opens among individual batteries (among safety
valves providéd in individual batteries). Also, if the thin port_ion is formed too large, 1t
may reduce the strength of the case and the thin portion may break with sudden vibration

or impact.
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SUMMARY OF THE INVENTION

[0006] This invention therefore provides a sealed battery having a safety valve
that opens efficiently when the internal pressure of the case reaches a predetermined level
(i.e., a preset valve-opening pressure), and ensures a sufficient opening area when the
vaJ\'fe isopen. The invention also provides a vehicle having such a sealed battery.

[0007] A first aspect of the invention relates to a sealed battery. The sealed
battery includes an electrode body that forms a positive electrode and a negative
electrode, an electrolyte, and a sealed case that houses the electrode body and the
ele‘ct'rolyte. A sa.fe;ty valve that opens when the internal pressure of the case rises to
eciual to or greafer than a predetermined value is formed in a portion of the case. The
safety valve includes a thin portion formed thinner than the surrounding portion of the
safety valve, and a fracture groove portion formed in the thin portion. The thin portion
differs in size between a longer direction and a shorter direction, and includes a curved
outer edge portion in which at least a portion of the outer edge portion of both ends, or
neaf both ends, in the longer direction 1is formed so as to be curved. A typical shape
may be,,- for example, a horizontally long (or vertically long) shape referred to an oval
shapé, an elliptical shape, é long rounded rectangular shape, a racetrack shape, or the like.
The fracture groove portion includes ‘a center (centre) straight groove porfion that extends
in the longer direction of the thin portion in a center portion of the thin portion, and a péi:
of side groove portions, each of which formed on each side in the longer direction of the
center straight grodve portion and connected to a corresponding longer direction end
portion of the center straight groove portion. Here, at least a porti’on of the side groove
portions is formed so as to be curved following the curved outer edge portion.

[0008] Accdrding to this aspect, when the internal pressure of the case becomes
equal to or greater than a predetermined level, the safety valve'is able to open efficiently
(i.e., the fracturing of the fracture groove portion leads to ‘the opening of the thin portion).
'At this time, the fracture groove portion makes it possible to form (open) a wide open

‘portion that has an opening area of a predetermined level in the thin portion. That is,

with the sealed battery having this structure, after the internal pressure of the case rises,

3 i
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the center straight groové portion that receives most of the force from that internal
pressu're' fractures (i.e., splits) from the internal pféssure of t.he‘ case. This fracturing (1.e.,
splitting) of the center straighf groove portion then leads to the fracturing (i.e., splitting)
of both side groove portions that are connected to the center straight groove portion. At
this time, the side groove portions of the saféty valve having this structure is such that the
porti'ons along the curved outer edge portion at both end portions in the longer direction
.of the thin portion are formed curved (i.e., are formed curved parallel (and close) to the

curved outer edge portion with a constant predetermined gap therebetween). Therefore,

the curved portion fractures or bends outward, which causes not only both sides of the

-center straight groove bortion, but also both side groove portions that are connected to the

center straight groove portion, to efficiently split, thereby enabling both end portions in
the longer directidn of the thin portion to efficiently open over a large area.

[0009] In the aspect described above, the fracture groové portion.may be formed

such that the thickness of the center straight groove portion is thinner than the thickness

of the side groove portions.

[0010] According' to this structure, the center ﬁight groove portion of the
~ fracture groove portio‘n'described- above is more easily able to ﬁ'acture (i.e., split) before
the side groove portién. Therefore, the thin portion is able to open ef’ﬁciently. Also,
disf)ersion in the valve-opéning pressure of the safety valve ambng battery products is

able to be prevented.

[0011] In the structure described above, the side groove portions may become
" thicker in a continuous or stepped manner farther away from the center straight groove

portion. In other words, the side groove portions may become thinner in a continuous or
stepped manner closer toward the center straight groove portion.
[0012] According to this structure, after the center straight groove portion
fractmeé (i.e., splits), the side groové portion is able to sequentially frgcture (i.e., split)
' from the area toward the center of the thin portion toward the ends in the longer direction,
which enables the valve to open smoothly over a wide opening area.

[0013] In the structure described above, the thin portion may be formed in an

4
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oval shape, a round-éomered rectangular shape, or an elliptical shape, 1n which the outer
~ edge of both end sides in the longer direction is formed by the curved outer edge portion.
The side groove portions of the fracture groove portion may each'include a curved groove
.portion' formed in a curved shape that follows the curved outer edge portion of the
oval-shaped or elliptical-shaped thin portion, and a pair of connecting straight groove
portions that connect the cofresponding longer direction end portion of the center straight
groove portion to both ends of the curved groove portion.
o [0014] .Accofding to this structure, when the internal pressure of the case
becomes equal to 6r greater than a predetermined level, the fracturing of the center
- straight grodve portion and the connected straight groove portion cause the thin portions
on both sideé (i.e., the center region in the longer direction of the oval-shaped or
elliptical-shaped thin portion) along the center straight groove portion to open outward.
Further, the fracturing (i.e., splitting) of the side groove portion causes the thin portion at ‘
. both end regions in the longer direction to efficiently open outward. Therefore, a wide
open portion (i.e., opening) is able to be formed when the internal pressure of the case
- becomes equal to or greater than the predetermined level.
[001S] In the structure described above, the curved groove portion"may be
| formed as a continuous curved groove portion or a discontinuous curved groove portion.
[0016] In the structure described above, the fracture groove portion may be
formed such that the thickness of the center straight groove portion is thinner than the
thickness of the side groove portions, and the thickness of the connecting straight groove
portions of the side groove portions is thinner than the thickness of the curved groove
‘ portions. .
[0017)  According to this structure, the center straight groove portion of the
' ﬁacture groove portion described above fractures (i.e., splits) before the side groove
portion, and after the center straight groove portion fractures (i.e., splits), the side groove
portion is able to sequentially frécture (i.e., split) from the area toward the center of the

thin portion toward the ends in the longer direction, which enables the valve to open

smoothly over a wide opening area.
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[0018] In the structure described. above, the thickness of the center straight

~ groove portion may be approximately equal to or greater than 30 um But less than 50 pum,
~ and the thickness of the side groove portions may be approximately equal to or greater
~ than 50 pm but less than 100 pm.
(0019]  In the structure described above, the thickness of the connecting straight
groove portions may be approkimately equal to or greater than 50 pm but less than 80 pum,
 and the thickness of the curved groove portions may be épproximately equal to qr greater
than 80 um but less than 100 p.tm '

' [0020] In the structure described above, the center straight groove portiop may
be formed in the longer dir&:tion in the center portion of the thin por_gon so as to have a
length that is equal fo or less than one-half of the length in the longer direction of the thin

~ portion. .
[0021)] According to this structure, the level of the stress applied to the center
eﬁ'aight groove portion when the internal pressure of the case rises can be made
substantially equal across the entire center straight groove portion. As a result, the
degree of stress applied to the center straight groove portion is not different at each
position of the groove portioh. Therefore, the center straight groove portion. fractures
(i.e., splits) correctly at the predetermined internal pressure level, and deviation in the
valve-opening pressure of the safety valve among battery products can be prevented.
‘Also, the center straight groeve portion is able to fracture (i.e., split) smoothly.
{0022]  In the structure described above, each of the side groove poﬂions may
~include an extended portion that extends the center Strajg,llt groove portion of the fracture
groove portion to abut against the curved groove portion of the side groove portion.
[0023] In the structure described above, the sealed battery may be a lithium
secondary battery (typically a lithium-ion battery).
- [0024] Accordingﬁ to this structure, with a lithium secondary battery, the internal

pressure of the battery case tends to rise due to gas produced inside the case, so the

invention is easily applied.

[0025] . A second example embodiment of the invention relates to a vehicle that

6
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" includes the sealed battery according to any one of the structures of the first aspect.
[0026]  The sealed battery according to the first aspect is provided with a safety
| valvé having a structure in which the valve opens efficiently when the internal pressure of
the case reaches a predeténnined level and a sutlicient opening area is able to ‘be ensured.
Therefore, this sealed battery may be used as a power supply for a motor (i.e., an electric
motor) mounted in a vehicle such as an automobile (typically, an automobile provided

" with an electric motor such as a hybrid vehicle, an electnc vehicle, or a fuel cell vehicle,

in particular).

BRIEF DESCRIPTION OF THE DRAWINGS
[0027] The foregoing and further objects, features and advantages of the
invention wlwill become apparent from the following description of preferred embodiments
with reference' to the accompanying drawings, wherein like numerals are used to

represent like elements and wherein:

FIG. 11sa pei'spective view showing a frame format of a sealed battery according to

a first example embodiment of the invgntion;

FIG. 2 1s a éide view showing a frame format of an electrode body and electrode
terminals according to the first example embodiment of the invention;

. FIG -3 ié a perspective view showing a frame format of the structure of a safety
valve of the seale& battery according to the first example embodiment of the invention,;
- FIG. 4 is a plan 'Qiew of the surface shape of the safety valve in FIG. 3;

FIG. 5 is a sectional lview taken along line V-V in FIG. 4; '

FIG. 6is a scctiQnal view taken along line VI-VI in FIG. 4;

FIG. 7 is a sectional view taken along line VII-VII in FIG 4;

FIG. 8 is a view showing a frame fonnét of the-safety valve shown in FIG. 3 in an
6pen state, I

FIG. 9A is a graph showing the Mises stress distribution at the center (centre) line in
the longer direction of the thin portion;

FIG. 9B is a supporting illustration showing the Mises stress distribution at the

T
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‘center line in the longer direction of the thin portion;

FIG. 10 is a plan view of the surface shape of a safety valve accordmg to a second
example embodiment of the invention;

FIG. 11 is a plan view of the surface shape of a safety valve according to a third
example embodiment of the invention;

FIG. 12A is a graph | showihg the manner of change in the thickness of the side
groove portion and the center straight groove portion of a safety valve according to a

modified example of the first example embodiment of the invention;

FIG. 12B is a supporting illustration showing the manner of change in the thickness
of the side groove portion and the center straight groove portion of the safety valve

'accord'ing to the modified example of the first example embodiment of the invention;
FIG. 13A is a graph showing the manner of change in'thef. thickness of the side '

groové portion and the center Straight groove portion of a safety valve according to a

fourth example embodiment of the invention;

FIG 13B is a supporting illustration showing the manner of change in the thickness
“of the side groove portion and the center straight groove portion of the safety valve

according to the fourth example embodiment of the invention;

FIG. 14 is a side view showing a frame format of a vehicle provided with a sealed

battery according to the example embodiments of the invention,;

FIG. 15 is a plane view of the surface shape of a safety valve according to related
art; and .
FIG 16 is a view showing a frame format of the safety valve shown in FIG. 15 in a

~ typical open state.

DETAILED DESCRIPTION OF EMBODIMENTS

© [0028] Example embodiments of the present invention will be described In

" greater detail below with reference to the accompanying drawings. The invention may
be carried out based on the content described in this specification and typical art in the

field. In particular, although the invention is not intended to be limited, in the example

8
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embodiments, the sealed battery that is described as an example is a sealed hthlum
'secondary battery (i.e., a lithium-ion battery) in which a wound type of electrode body
(hereinafter referred to as “wound electrode body”) 1s housed together with a nonaqueous
electrolyte solution in a square (box-shaped) case. Incidentally, the dimensional
'relationships (such as length, width, and thickness) in the drawings do not reflect the
acfual dimensional relationshjps. Also, members and portions having the same

operation will be denoted by the same reference characters, and redundant descriptions

will be simplified or omitted.

[0029]) A lithium-ion battery 10 according to the first example embodiment of

the invention has a structure in which a wound electrode body 30 such as that shown in

FIG. 2 is housed together with a liquid electrolyte (i.e., electrolyte solution), not shown

in a flat square battery case (i.e., an outer case) 20 such as that shown in FIG 1. The
case 20 is formed of a box-sheped (i.e., a square cylinder shape with a bottom) case main
body 21 having an open portion at one end (whlch corresponds to an upper end portlon '
. during normal use of the battery 10 aocordmg to this example embodiment), and a
covering body (a constituent part of the case) 22 that is attached to and covers the open
“portion. A positive electrode terminal 14 and a negaﬁve electrode terminal 16, which
are used for external connections, are fixed to the covering body 22. One end (i.e., the
outside end) of each of these electrode terminals 14 and 16 protrudes outward from the
case 20 (i.e., the covering body 22). The other end (i.e., the inside end) of the electrode
terminal 14 is electrically connected to a positive electrode 32 of the electrode body 30,
. 'while the other end (i.e., the inside end) of the electrode terminal 16 is electrically
connected to the other end (i.e., the inside end) of a negative electrode 34 of the electrode
 body 30.
[0030] The material of the case 20 is not particularly limited as long as it can
generally be used with a sealed battery. - The case 20 1s made mainly of metal material .
that is l1ghtwe1ght and has good thermal conductivity, such as aluminum (alminium),

stainless steel, and nickel-coated steel, for example. The case 20 (or more speciﬁoally,

the main body 21 and the covering body 22) in this example embodiment 1s made of

9
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aluminum or an alloy that has aluminum as its main cornpunent. The outer shape of the

‘covering body 22 is a generally rectangular plate shape overall. Terminal outlet holes,
no.t shown, through which the electrode terminals 14 and 16 pass are formed in the two

' end portions in the length direction. A safety valve 40 structured so as to release the
internal pressure of the case 20 if that internal pressure rises t0 & predetermined value

: (such as approximately 0.3 to 1.0 MPa) or higher is formed in the center (centre) pb,rtion, .
" in the width direction, of a portion of the covering body 22 that is positioned between the
' electrode terminals 14 and 16. The structure and mechanism of the safety valve 40 in

this example embodiment will be described later.
[0031] As shown in FIG 2, the wound electrode body 30 is manufactured by

overlaying the long sheet-shaped positive electrode (i.e., positive electrode sheet) 32 and
uegative electrode (i.e., negative electrode §heet) 34 together with a total of two long
sheet-shaped separators (i.e., separator sheets) 36 and winding them in the length
direction, just like the wound electrode body of a nohnal lithium-ion battery, and then
flattening out the resultant wound body from the sides. More specifically, the positive
electrodé sheet 32 and the negative électrode sheet 34 are wound offset somewhat .in the
width direction such that one end of the positive electrode sheet 32 in the width direction
.protrudes from one end of the separator sheet in the width direction and one end of the
negative electrode sheet 34 in the width direction protrudes from the other end of the
separator sheet in the width direction. As a result, a portion in which one end of the
positive electrode sheet 32 in the width direction protrudes outward from a wound core
portion 31 (i.e., the portion where the positive c—;lectrode sheet 32, the negative electrode
sheet 34, and the separator sheet are.tightly wound) is formed on one end portion of the
wound electrode body 30 in the direction of the winding axis, and the posmve electrode
terminal 14 is connected to this protruding portion. Sumlarly, a portlon in which one

end of the negative electrode sheet 34 in the width direction protrudes outward from that
wound core portion 31 1s formed on the other end portion of the wound electrode body 30

in the direction of the winding axis, and the negative electrode terminal 16 is connected
to this protruding portion.

10
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'[0032| The matenal .of the wound electrode body 30 and the member itself are
not particularly limited and may be the same as those of an electrode body provided ina -
typical lithium-ion battery. For example, the positive electrode sheet 32 may have a
structure in which a positive electrode active material layer is formed on a 1ong positive
eléctrode collector (aluminum foil, for example). One or two or more types of material
‘conventionally used in lithium-ion batteries may be used, with no particular limitations,
as the positive electfode active material used to form this positive ¢lect1'ode active
material layer. Examples include lithium transition metal oxides such as LiMn204,
LiCoO,, and LiNiO,;. The negative electrode sheet 34 may have a stfmture in which a ! '
negative. electrode active material layer is fonﬁed on a long negative electrode collector
(copper féil, for exémple). One or two or more types of material used in lithium-ion
batteries may be used, with no particular limitations, as the negative electrode active
material used to form this negative electrode active material layer. Examples include

carbon-based material such as graphite carbon and amorphous carbon, lithium transition

metal oxides, and lithium transition metal nitrides. One is example of the separator
| sﬁeet is a separator sheet made of porous polyolefin 'resin.

(0033] A nonaqueous electrolyte solution like the nonaqueous electrolyte'
solution used in a lithium-ion battery may be used, with no particular limitétions, as the
liquid electrolyte (i.e., the electrolyte solution). The composition of this nonaqueous

‘electrolyte” solution is typically an appropmnate nonaqueous‘ solvent containing a
supporting electrolyte. One or two or more types, selected from the group consisting of
ethylene carbonate, f)rdpylene carbonate, dimethyl carbonate, diethyl carbonatg;, ethyl
methyl carbonate, 1, 2-dimethoxyethane, 1, 2-diethoxyethane, tetrahydrofuran, 1,
 3-dioxolan, and the like, may b.e used as the nonaqueous solvent. Also, a lithium salt
" such as LiPF, LiBFa, LiAsFg, LiCF3S03, LiCaFgSO3, LiN (CF3802),, and LiC (CF3802)s,
or the like may be used as the supporting electrolyte; In this example embodiment, an
electrolyte solution of a mixed solvent of ethylene carbonate and diethyl carbonate (at a

" mass ratio of 1 ; 1, for example) that contains LiPFg at a concentration of approximately 1

mol / liter is used. Incidentally, a solid-state or gel-state electrolyte may be used instead
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of the electrolyte solution.

(0034]  Next, one method of manufacturing the lithium-ion battery 10 having the
members structured as described above will bé briefly described.  First, the outside ends
of the positive and negaﬁve electrode terminals 14 and 16 are made to protrude outward '
from the covering body 22, and these terminals 14 and 16 are fixed to the covering body
22. The covering body 22 and the eleCtrode body 30 are connected by connecting (e.g.,
welding) the inside ends of these terminals 14 and 16 to the positive and negative
electrodes 32 and 34, respectively, of the wound elecﬁode body 30. Then, the electrode
body 30 that 1s connécted to the covering body 22 is placed into the case main body 21
through the open portion of the case main body 21, the covering body 22 is fitted over the
open portion, and the joint between the covering body 22 and the case main body 21 is ‘
sealed by laser weldlng, for example. Next, the electrolyte solution is filled into thg
case 20 through an electrolyte solution filler hole, not shown, after which the electrolyte
solution filler hole is closed and the case 20 is sealed. | In this way, the sealed lithium-ion
battery 10 is able to be manufactured (structured). Incidentally, the structure itself of the
béﬁery does not define thé invention - so further detailed description thereof will be
omitted. Hereinafter, the safety valve according to thlS example embodlment (i.e., the

first example embodiment) will be described 1n deta11

[0035] FIG. 3 is an enlarged perspective view of the area around the safety valve

40 formed in the covering body 22 of the case 20. FIG. 4 is a plan view of the shape of

 the surface of the safety valve 40. Also, FIG. S1sa sectional view taken along line V-V
in FIG 4. FIG. 6 is a sectional view taken along line VI-VI in FIG. 4, and FIG. 7 1s a
Isectional view taken along line VII-VIl in FIG. 4.

(0036} As shown in FIG. 3, the safety valve 40' accdrding to this example
embodiment is formed in a portion (here, 'the covering body 22) of the case 20, and
mcludes a thin portion 42 that is thinner than the surrounding portions, and a fracture
groove portion (i.e., an impressed portion) 50 formed in a predetermined pattern in the

thin portlon 42. The thin portion 42 is formed thinner (approximately 0.1 mm to 0.3

mm thick) than the surrounding case (the covering body is approxlmately 0.5 mm to 1
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mm tluck) Also, the thin portion 42 is formed havmg a horizontally long shape In
which the size in the longer direction and the size in the shorter direction differ. More
specifically, the thin portion 42 is formed in a so-called oval shape formed from a pair of
straight outer edge portions 44 where the outer edge portion 43 follows the longer
direction, .Iand a semicircular curved outer edge portion '45 on both ends.

(0037]  The fracture groove portion 50 according to this example embodiment
that is formed in the oval thin porﬁon 42 includés a center straight groove portion 60 that
extends in the longer direction of the thin portion 42 in the center portion of the thin
portion 42, and two pairs of side groove portions 70, one pair being formed on each side
in the longer direction of the center straight groove portion 60 and connected to a
corresponding longer direction end portion 60A and 60B of the center s.traight' groove
portion 60, as shown in FIG. 4. The sectional shape of these grooved portions is a
V-shape that opens to the outer surface side of the thin portion 42.

[0038]  As shown in the drawings, the side groove portions 70 are formed In
sector loop shapes fofrhed from curved groove ‘portions 74 that are formed generally
parallel to and with the same curvature as the éurved outer edge portions 45 of the oval

~ thin portion 42, and pairs of connecting straight edge groove portions 72 that connect the
ends of the curved groove portions 74 to the end portions 60A and 60B of the center
straight groove portion 60. '

[0039] Also, as is evident from FIGS. 5 to 7, the different groove portions of the
fracture groove portion 50 in this example embodiment are formed with different
thicknesses. More specifically, the thickness of the center straight groove portion 60 is
thinner mm the thickness of the side groove portions 70, and at the side groove portions
70, the thickness of the connecting straight groove portions 72 is thinner than the

thickness of the curved groove portions 74. Incidentally, the actual thickness of each of
the gfoove portions is not limited because the pressure setting at which it is desirable to
have the valve open differs according to the shape and use of the battery. An example
. of the thickness of the center straight groove portion 60 is approximately equal to.or

greater than 30 um but less than 50 um (e.g., 45 pm), and an-example of the thickness o.f .
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the side groove portions 70 is approximately equal to or greater than 50 um but less than
100 um (e.g., S5 um). Also, the thickness of the connecting straight groove portions 72
of the side groove portions 70 is approximately equal to or greater than 50 pm but less

than 80 pum (e.g., 55 um), and the thickness of the curved groove portions 74 of the side

groove portions 70 is approximately equal to or greater than 80 um but less than 100 pm
(e.g., 95 um).
[0040] Providing the safety valve 40 with this kind of structure enables the
safety valve 40 of the sealed lithium-ion battery 10 accordizig to the example embodiment
-~ to open efficiently if the internal pressure of the case 20 becomes equal to or greater than
a predetermined level, which in turn allows the gas produced inside the case 20 to be
released quickly. More specifically, as shown 1n FIG. 8, both sides 42A and 42B of the
thin portion 42 that oppose one another via the center straight groove portlon 60 turn
upward and outward, and both end portions 42C and 42D m the longer direction (also
simply referred to as longer direction end portions in this specification) of the thin portion
42 turn upward and outward independently from the fracturing (i.e., the splitting) of the
conneeting straight groove portions 72 of the side groove portions 70 and the fracturing
(i.e., the splitting) of at least a portion of the curved' groove portions 74.  As a result, the
oval thin portion 42 opens up by dividing into a total of four portiohs 42A, 42B, 42C, and
42D to form an open por&bn S that is sufficient to release the gas in the battery quicklyl
and thus reduce the pressure inside the case quickly.

[0041] <Assessment> .

A valve-opening assessment was performed on a test p1eee that mcluded a safety
valve having the same shape as that of the sealed battery provided with the safety valve
according to this example embodiment in order 1o empirically confirm the performance

of the sealed battery provided with the safety valve according to this example

~ embodiment.

[0042]  As the test piece of the example embodiment, a thin portion 42 that is

oval shaped as shown in FIG. 4 and that is approximately 13 mm in the longer direction,

apprommately 5 mm in the shorter direction, and approxunately 100 um tlnck Wwas
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formed in a portion of a seaiable case made of aluminum that is approximately 1 mm
thick. Also, the fracture groove portion 50 was formed in the pattern shown in FIG 4.
Further, a center straight groove portion 60 that is approximately 4 mm long in the longer
direction is formed in the center portion of the thin portion 42, and two connecting
straight groove portions 72 were formed extending from each end 60A and 60B of the
center straight groove portion 60; The: aﬁéle between the connecting straight groove
portions 72 was approximately 90 degrees. The disrance between the end portions of

the connecting straight groove portions 72 and' the outer edge portions 43 was

approximately 1 mm. Curved groeve portions 74 that connect the end portions of the
tWo cormecting straight groove portions 72 together while maintaining that distance were
formed along the curved outer edge portions 45. A plurality of individual test pieces
each provided with the safety valve of the shape deseribed above were manufactured.

[0043] Also, as a test piece‘for a comparative example, a plurality of individual
test pieces each provided with a safety valve having the same shape as that of the test
piece of the example embodiment (sce FIG. 4), except without the curved groove portions
in the side groove portions, were manufactured.

[0044] In this assessment, the fracture groeve portion described above was
formed changing the set valve-opemng pressure for each test piece, and changing the
depth of the groove portion (i.e., the thickness of the groove portion) for each test piece
according to that set valve-opening pressure, taking the relationship between the

- pre-checked pressure in the case and the groove depth when the aluminum material that
forms the safety valve fractures into account. Incidentally, this assessment focused on
the shape (i.e., the pattern) of the fracture groove portion that affects the opening of the
thin portion, so the thicknesses of the center straight groove portion and the side groove
portions were made the same.

[0045]  Then, with each test piece, the mtemal pressure of the case was gradually
increased, and the internal pressure (i.e., the actual valve-opening pressure) when the thin
portion (1.e., rhe fracture groove portion) actually split was measured. Also, the opening

area when the valve opened was measured and compared with a set opening area (1.€., an
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opening area with an ideal opening shape such as that shown in FIG. 8 described above).
In the assessment, the set valve-opening pressures of the test pieces of the example
'embodiment were 0.3 to 0.9 MPa, and the set valve-opening pressures of the test pieces
of the comparative ‘example were 0.5 to 1.1 MPa. The results of the test pieces of the
example embodiment are shown in Table 1 and the results of the test pieces of the

comparative example are shown in Table 2.

Table 1
Set valve-opening Actual Set openh%g area Opening area aﬁeg
pressure (MPa) valve-opening | (mm*) valve opened (mm°®)
' pressure (MPa) | _ |
0.30 0.3 ' | 58.5 |
042 582
0.51 58.7
' 58.0 58.6
0.73 ' 586
0.82 | 58.7
0.90 090 ‘ I 59.8
Table 2 -
. peni Set openi T Opening area after |
| Set valve-opening Actual Set opening area . pening r
pressure (MPa) valve-opening (mm°*) valve opened (mm®)
pressure (MPa -
050 0.57 ] 46.1
0.60 0.62 i 44.4
0.70 0.75 48.5
0.82 . 58.0 49.8
0.94 | 56.4

1.00 1.05 | ' 525
1.10 " 1.12 ‘ 561

[0046] As shown in Table 1, with the test pieces of the example embodiment '
provided with the safety valve having the curved groove portion 74, an actual
’valve-opening pressure of approjximately the same level was measured for all of the set
valve-opening pressures.  Also, the opening area after the valve opened was

approximately the same as the set opening area. This confirmed that, providing the.
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curved groove portions 74 in the side groove portions 70 as in the example embodiment

(or more particularly, forming the side groove portions 70 having the curved groove

portions 74) enabled a safety valve 40 to be made that opens efficiently when the internal

pressure of the case (here the set valve-opening pressu're) reaches a predetermined level,
~ and that is able to maintain a sufﬁci'ent opening area when the valve 1s open.

[0047) ~ Incidentally, with this aésessment, a center straight groove portion of
approximately 4 mm, which is equal to or less than one-half of the length in the longer
'direcﬁon of the thin portion which is apﬁroximately 13 mm. Specifying the length of
the center straight groove portion in this way makes it possible to make the level of the
stress applied to the center straight groove portion when the internal pressure of the case
rises substantially equal across the entire center straight groove porti‘on, and thus enables
a smoother ﬁ'acturt; (split) to be achieved at the center straight groove portion.

[0048] To experimentally confirm this, a ﬂﬁn portion that is oval shaped as

~ shown in FIG. 4 and approximately 13 mm in the longer direction, approximately 5 mm
. in the shorter direction, and 200 ;.Lm thick was formed on a portion of an aluminum sheet
. of a predetermined thickness (approximately I mm). Also, a thin portion having the

same shape except for that the thickness of the thin poﬁion is 300 um was also formed.
The stress distribution (Mises stress) in the longer direction of the center line through the
c.enter of the shorter direction was examined for these two thin portions by applying

pressure of a predetermined level.

[0049] FIG. 9A shows the results of the experiment. T'he vertical axis

' ,represents the degree of Mises stress, aﬁd the horizontal axis represents the relative
position of the center line in the longer direction of the test thin portion. FIG. 9B is a

- supporting illustration showing the relative position of the center line in the longer
direction of the test thin portion. As is evident from the graph in FIG. 9A, the stress is.
uniformly concentrated up to approximately one-half (or more speciﬁcally, one-third) of
the overall length including the center in the longer direction of the thin portion.
‘Accordingly, good results can be obtained if a center straight groove portion is formed

having an overall length that includes the center in the longer direction of the thin portion
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of approximately equal to or less than one-half (such as approximately one-half to
one-fourth), or more sﬁeciﬁcally, equal to or less than one-third (such as approximately
one-third to one-fourth), such that the stress concentrates substantially uniformly over the
entire center straight groove portion. As a result, dispersion in the fracture initiating
pressure (i.¢., the valve-opening ’pressure)'of the center straight groove portion aniong
individual battery products can be prevented.

[0050]  Next, a safety valve according to a second example embodiment of the
invention, as well as a battery provided with this safety valve, will be described. As
shown in FIG. 10, a thin portion 142 of the saféty valve 140 of this example embodiinent
is formed in a so-calle& round-cornered long shape in which the outer edge portion 143

' includes a pair of straight outer edge portions 144A that lextend in the longer diréction, a

pair of straight outer edge portions 1448 that extend in the shorter direction, and curved

~ outer edge portions 145 at the four comer portions. Meanwhile, similar to tbe first

- example embodiment described above, a fracture groove portion 150 accordiing to the

example émbodiment that is formed in the round-cornered long thin portion 142 includes

a center straight groove portion 160 that extends in the 'longer direction of the thin portion

142 in the center portioh of the thin portion 142, and two pairs of side groove portions

170, one pair being formed on each side in the longer direction of the center straight

groove portion 160 and connected to a corresponding longer direction end portion 160A

and 160B of the center straight groove portion 160. The sectional shape of these

éfooved portions is the same as that described in the first example embodiment. The

" length of the center straight groove portion 160 is equal to or less than one-half (such as

approximately one-half to one-quarter) of the length .in the longer direction of the thin

portion 142. ‘The side groove portions 170 are made up of curved groove porﬁons 174

formed close and generally parallel to, with the same curvature as', the curved outer edge

" portions 145 that correspond to the foui corners of the round-cornered thin portion 142,
and pairs of connecting straight edge groove portions 172 that connect one end: portion of

each of the curved groove portions 174 to the end portions 160A and 160B of the center

straight groove portion 160. Incidentally, the side groove portions 170 1n this example
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embodiment are not formed in a loop configuration.

(0051)  Similar to the first example embodiment, with the safety valve 140
provided with the fracture groove portion 150 of this kind of pattern, when the intemal
pressure of the case rises to the predetermined level, the valve is able to open smoothly
and a wide opening area is able to be achieved. That is, an opening that extends over
almost the entire region of the thin portion 142 is able to be realized by both sides of the
thin portion 142 that oppose one another via the center straight groove portion 160
turning upward and outward, and the connecting straight groove portions 172 and the
curved groove portions 174 of the side grodve portions 170 then fracturing (i.e., splitting).
As a result, the gas inside the battery can be quickly released, thus enabling the internal
pi'essure of the cése to be quickly decreased. I'ncidentally,.in this example embodiment
as well, the groove portions may also be formed with different thicknesses at each portion.
More specifically, the thickness of the center straight groove portion 160 may be formed
thinner than the thickness 6f the side groove portions 170, and at the side curved portions
170, the thickness of the connecting straight groove'porti()ns 172 may be formed thinner
than the thickness of the curved groove pbrtions 174. The examples of the sizes are the
same as they are in the ﬁrét example embodiment described above so a redundant
description will be omitted. .

[0052] In'this example embodiment, two curved groove portions 174 (l.e., a
curved groove portion 174 that is divided into ﬁvo) is formed for each pair of cbnnecting
straight groove portions 172, but the invention is not limited to this. That is, a single

“curved groove portion may be provided, or a c{Jrved groove portion formed
discontinuously in a dashed-line shape may be provided. That is, the invention 1s not
limited as long as at least a portion is formed curved following the curved outer edge
portion. |

[0053] Next, a safety valve according to a third example embodiment of the
invention, as well as a battery provided with this safety valve will, be described. As
shown in FIG. 11, a thin portion 242 of the safety valve 240 of this example embodiment

is formed in an elliptic shape in which the lengths in the longer direction and the shorter
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direction of the outer edge portion 243 differ. Meanwhile, a fracture groove portion 250
according to this example embodiment is formed in the same pattern as that described In
the first example embodiment. That is, the fracture groove portion 250 includes a center
straight groove portion 260 that extends in the longer direction of the thin portion 242 in
the center portion of the thin portion 242, and two pairs of side groove portions 270, one
pau' being formed on each side in the longer direction of the center straight groove
portion 260 and connected to a correspondmg longer direction end portion 260A and
160B of the center straight groove portion 260. The sectional shape of these grooved
poi'tions is the same as that described in the first example embodiment. The length of
the center straight groove portion 260 is equal to or less than one-half (such as
approximate'ly one-half to one-quarter) of the length in the longer direction of the thin
portion 242. As shown in the drawing, the side groove portions 270 are formed in
sector loop shapes made up of curved groove portions 274 formed close and generally

- parallel to, with the same curvature ‘as, the curved outer edge portions 245 of the portiqns
~ at both end portions in the longer direction, of the outer edge portion 243 (i.e., the entire
periphery is a curved outer edge portion) of the elliptical thin portion 242, and pairs of
"connecting straight edge groove portions 272 that connect the ends of the curved groove
portions 274 to the end port’ions 260A and 260B of the center straight groove portion 260.
[0054] Similar to the first example embodiment, with the safeiyvalve 240
provided with this kind of elliptical thin portion 242 and the fracture groove portion 250
of the pattern described above, when the internal pressure of the case rises to the

predetermined level, the valve is able to open smoothly and a wide opening area is able to

be achieved. That is, an opening that extends over almost the entire region of the thin
portion 242 is able to be realized by both sides of the thin portion 242 that oppose one

another via the center straight groove portion 260 .tuming upward and outward, and the

connecting straight grbove portions 272 and the curved groove portions 274 of the side .
- groove portions 270 then fracturing (1.e., splitting) (see FIG. 8). As a result, the gas

inside the battery can be quickly released, thus enabling the internal pressure of the case

to be qﬁickly decreased.
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[0055]  Incidentally, although not shown, supplementary connecting curved
groove portions may also be formed close and generally parallel to the outer penpheral
edge portion 243 from one curved groove portion 274 to the other curved end portlon 274,
so as to connect the curved groove portions 274 of the two 31de groove portions 270 that
are on both ends in the longer direction. Forming these kinds of supplementary

. connecting curved groove portions enables the portions of the thin portion 242 that are on
both sides of the center straight groove portion 260 to open even more smoothly.  Also,
‘in this example embodiment as well, the groove portions may also be forrned with
diii"erent thicknesses at each portion. More specifically, the thickness of the center
etmight groove portion 260 may be formed thinner than the thickness of the side groove
portlons 270, and at the side curved portions 270, the thickness of the connecting straight
groove portlons 272 may be formed thinner than the thickness of the curved groove
portions 274. The examples of the sizes are the same as they are in the first example
" embodiment described above so a redundant description will be omitted. '
(0056} While several example embodiments in which the pattern of the fracture
' _groove Iportion and the shape of the thin portion differ have been described, the invention
' 1s not limited to these. For example, in the example embodiments described above, an
example was described in which the difference in the thickness O.f the groove portion (i.e.,
the grocve depth) differed between‘the center straight groove portion and the side groove
portions, as well as between the connecting straight groove portions and the curved
groove pcrtions of the side groove portions. However, the invention 1S 'not limited to
this. For example, as shown in the graph of FIG. 12B, the thickness of the center
.-straight grcove portion 60 in the first example embodiment may be constant' while the
thickness of the connecting straight groove portions 72 of ‘the side groove portions 70

may be continuously or incrementally increased farther away from the center straight

groove portion 60.
[0057) Making the thickness of the groove portion in this way facilitates
sequential fracturing (i.e., splitting) in stages of the side groove portions 70 from the area

toward the center of the thin portion 42 toward the ends in the longer direction after the
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center straight groove portion 60.has fractured (i.e., split), and facilitates smooth opening
of the valve over a wide opening area.

'[0058] Next, a safety valve according to a fourth example embodiment of the
invention, as well as a battery provided with that safety valve, will be described. As
shown in FIG 13B, side groove portions 370 include extended portions 372A that
extends a center straight groove portion 360 of a fracture groove portion 350 to abut

. against curved groove portions 374 of the side groove pbrtions 370. In this case, the
extended pottions 372 are also able to funétion as connecting straight groove porﬁqns.
| tncidentally, except for that the center straight groove portion extends to both end sides 1n
the. longer direction, the safety valve 340 according to this example embodiment has the
same structure as the safety valve 40 according to the first example embodiment, Just as
- shown in FIGS. 12A and 12B, the thickness of the center straight groove portion 360 1s
constant while the thickness of the extended portions (i.e., one connecting straight groove
portion) 372A may be continuously or incrementally inc:eased farther away from the

center straight groove portion 360 (FIG. 13A).

[0059]  The invention is not limited to the example embodiments*gbove, but may
of course be modiﬁed in any of a variety of ways. For example, the type of battery is
not limited to the lithium-ion battery described above, but may alternatively be a battery

with different types of electrode body constltuent rnatenal and electrolytes, such as a
mckel-cadmmm battery, a nickel-metal hydride battery, or a lithium secondary battery in
which a lithium metal or a lithium alloy is used for the negative electrode.

[0060] Also the sealed battery described here is able to be used as a power
supply for a Imotor (an electric motor) mounted in a vehicle such as an automobile, in
particular, because when the internal pressure of the case rises gxcessive}ly, that internal
pressure is able to be quickly reduced (in other words, the gas produced inside the case is
able to be qﬁickly released). Therefore, as shown in frame format in FIG. 14, the

~ invention is able to provide a vehicle (typically an automobile, more particularly, an

“automobile provided with an electric motor such as a hybrd vehicle or an electric

vehicle) that is provided with the sealed batteryj 10 (typically, a battery pack formed a
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plurality of batteries 10 that are electrically connected together) as the power supply. .
‘[00'61] While the invention has been described with reference to example
“embodiments thereof, it is to be ﬁnderstood that the invention IS not limited to the
“described embodiments or constructions. To the contrary, the invention is intended to
cover various modifications and equivalent arrangements.  In addition, while the various
elements of the disclosed invention are shown in various example combinations and
configurations, other combinations and configurations, including more, less or only a |

single element, are also within the scope of the appended claims. |
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CLAIMNS:

] A sealed battery comprising:

an electrode body that forms a positive electrode and a negative electrode;

an electrolyte; and

a sealed case that houses the electrode body and the electrolyte,

wherein a safety valve that opens when internal pressure of the case rises to equal to
or greater than a predetermined value 1s formed 1n a portion of the case;

wherein the safety valve includes a thin portion formed thinner than the surrounding
portion of the satety valve, and a fracture groove portion formed in the thin portion;

wherein the thin portion ditfers in size between a longer direction and a shorter
direction, and includes a curved outer edge portion in which at least a portion of an outer
edge portion of the thin portion at both ends, or near both ends, in the longer direction is
formed so as to be curved:

wherein the fracture groove portion includes a center straight groove portion that
extends in the longer direction of the thin portion in a center portion of the thin portion, and
a pair of side groove portions, each of which 1s formed on either side in the longer direction
of the center straight groove portion and connected to a corresponding longer direction end
portion of the center straight groove portion, wherein the side groove portions become
thicker in a continuous or stepped manner farther away from the center straight groove
portion; and

wherein at least a portion of the side groove portions is formed so as to be curved

following the curved outer edge portion.

2. The sealed battery of claim 1 wherein the thickness of the center straight groove

portion 1s thinner than the thickness of the side groove portions.

3. The sealed battery of claim 1, wherein the fracture groove portion is formed such
that the thickness of the center straight groove portion 1s thinner than the thickness of the

side groove portions.
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4 A sealed battery comprising:

an electrode body that forms a positive electrode and a negative electrode;

an clectrolyte; and

a sealed case that houses the electrode body and the electrolyte,

wherein a safety valve that opens when internal pressure of the case rises to equal to
or greater than a predetermined value 1s formed 1n a portion of the case;

wherein the safety valve includes a thin portion formed thinner than the surrounding
portion of the safety valve, and a fracture groove portion formed 1n the thin portion;

wherein the thin portion differs in size between a longer direction and a shorter
direction, and includes a curved outer edge portion in which at least a portion of an outer
edge portion of the thin portion at both ends, or near both ends, in the longer direction is
formed so as to be curved;

wherein the fracture groove portion includes a center straight groove portion that
extends in the longer direction of the thin portion in a center portion of the thin portion, and
a pair of side groove portions, each of which 1s formed on etther side in the longer direction
of the center straight groove portion and connected to a corresponding longer direction end
portion of the center straight groove portion, wherein the side groove portions are loop
oroove portions including a curved groove portion formed 1n a curved shape that follows the
curved outer edge portion and a pair of connecting straight groove portions that connects the
corresponding longer direction end portion of the center straight groove portion to both ends
of the curved groove portion; and

wherein at least a portion of the side groove portions 1s formed so as to be curved

following the curved outer edge portion.

J. The sealed battery according to claim 4, wherein the curved groove portion 1s formed

as a continuous curved groove portion or a discontinuous curved groove portion.

6. The sealed battery according to claim 4 or 5, wherein the fracture groove portion 1s
formed such that the thickness of the center straight groove portion is thinner than the
thickness of the side groove portions, and the thickness of the connecting straight groove

portions of the side groove portions is thinner than the thickness of the curved groove
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portions.

7. The sealed battery according to any one of claims 4 to 6, wherein the thickness of the
center straight groove portion is approximately equal to or greater than 30 um but less than

50 um, and the thickness of the side groove portions is approximately equal to or greater

than 50 pum but less than 100 um.

8. The sealed battery according to any one of claims 4 to 7, wherein the thickness of the
connecting straight groove portions is approximately equal to or greater than 50 um but less
than 80 um, and the thickness of the curved groove portions is approximately equal to or

oreater than 80 um but less than 100 pm.

9. The sealed battery according to any one of claims 1 to 8, wherein the center straight
eroove portion is formed in the longer direction in the center portion of the thin portion so as

to have a length that is equal to or less than one-halt of the length in the longer direction ot

the thin portion.

10. The sealed battery according to any one of claims 4 to 9, wherein each of the side
eroove portions includes an extended portion that extends the center straight groove portion
of the fracture groove portion to abut against the curved groove portion of the side groove

portion.

11. The sealed battery according to any one of claims 1 to 10, wherein the sealed battery

1s a lithium secondary battery.

12. A vehicle comprising the sealed battery according to any one of claims 1 to 11.
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