- 1- [Docunent Title] SPECI FICATION [Title of the Invention] _
CLOSED BATTERY AND CLOSI NG MEMBER [Detail ed descripti op qu Qt%b@\qegrtl on]
[ I ndustrial Field] The present jinvention relates to a/cl osed

battery capable of ruputuring at a fixed pressure, especjally at | pw
Loy (¢ bRt re to

ressure, irghe el ease ' pressure and a(t%ﬁ
(F:)ut of f t e%%?gr?tl&elmen théélfg%lﬁ(géﬁf@vor the internal pressure of the

battery img. . kgr oun t i ner i ng
dermnd £ dtly S EhE tavepGE C3' 0L OCOBER, RATTERY &1 LoSNG MESRSRR. S
enhanced performance, non-aqueous electrolyte batteries with Iight weight
and high energy density such as lithiumion Isecondzgry battery have leeln.
opul ar | ince .the n- aguequs .el ectrol yte attery uses an al kal i
Prefal su@téz%iﬂ &ﬁ?‘iﬂ'ﬁu@bﬂfﬁfﬁ ﬁg'fe‘%ﬂ’c‘ﬂssi umas an active material of
negative el ectrode thereof and such alkali netal easily reacts with water
to generate gases, it enploys a container of conpletely sealed structure.

Such a ¢ et el l.ased battery is excellent in storability, but
w(imp@ylﬁeﬁ?

rever sel

The present invention relates to a closed battery capable of ruputuring
at a fixed pressure, especially at a low pressure, to readily release the internal
pressure and at the same time to cut off the current, when the temperature or

the internal pressure of the battery is elevated.

[Background Art]

Recently, with increasing demand for electronic devices that are made
much smaller in size and have enhanced performance, non-aqueous electrolyte
batteries with light weight and high energy density such as lithium ion
secondary battery have been popularly used. Since the non-aqueous electrolyte
battery uses an alkali metal such as lithium, sodium, or potassium as an active
material of negative electrode thereof and such alkali metal easily reacts with
water to generate gases, it employs a container of completely sealed structure.
Such a completely closed battery is excellent in storability, but reversely, there
arises a problem due to the very high sealability. Namely, if the battery is
exposed to high temperature or is short-circuited inside or outside thereof and a
large current flows, or if hydrogen gas is generated in the battery due to the
moisture included in the manufacturing process, the internal pressure of the
battery is sometimes abnormally elevated and the battery bursts, which may

damage the devices. There may be also a danger of injuring the user of the
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leading to the outside. The valve chamber is provided with a valve member, in
which at least the surface facing the valve opening is made of rubber, and an
elastic member to press rubber-made surface of said valve member against the
valve opening. Thus, the rubber of the valve member closes the valve opening
so that the sealability of the battery can be ensured, while the valve opening is
unsealed when the internal pressure reaches a fixed pressure for the elastic
member to permit pressure releasing so that excessive elevation of the internal
pressure can be prevented.

Such a conventional safety valve has been widely used in Ni-Cd type
batteries. However, it has not yet been used in the non-aqueous batteries which
employ alkali metals as the active material of the negative electrode, since even
if the elastic member presses the valve member against the valve opening to
thereby close the battery, it is impossible to obtain such a high sealability as
required for the non-aqueous batteries.

One of the methods for releasing the internal pressure of a battery
which requires high sealability is disclosed in Japanese Patent Laid-open
Publication No. SHO-63-285859. In this method, a container of the battery is

provided at a portion of its wall with a thinned portion. This thinned portion is



val ve opening. Thus, the rubber of the valve nenber closes the valve
opening so that the sealability of the battery can be ensured, while the
val ve opening is unsealed when the int@ ral pressure reaches a fixed
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anism is provided with a valve diaphragm fitted in an open end portion of
at the upper portion of an electrode element in a cylindrical outer container
having a bottom and a lead for cutting-off the current disposed above the valve
diaphragm. In this structure, when the internal pressure of the battery is
elevated, the valve diaphragm is expanded to rupture the lead for cutting-off the
current to break off the current.

According to the method as disclosed in Japanese Patent Laid-open
Publication No. SHO-63-285859, it is necessary to thin off a thinned wall portion
of the container so that the thinned portion can be ruptured at a relatively low
pressure. However, when the wall portion is too thinned off, there may be
formed fine or minute cracks during press-forming, which may impair the
sealability of the battery container. Further, when metals are processed by cold
working, they are inevitably hadened by working. However, the working does
not always cause uniform hadening, and therefore, there arises a problem that
the operating pressure for such pressure releasing mechanism may vary. There
is a half-etching method for making the thinner portion of the wall of a battery
container. However, it is extremely difficult to control the remaining thickness
of the thinned portion remained after etching, and it is also difficult to obtain a

good yleld. Another problem is that pinholes are generated in the half-etched



t hi ckness thereof. Thus, this thinned portion can provide the battery with
good sealability since a portion of a can body having no opening on it is
only transforned. Anot her pregsure rel easi ng mechanismof this
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battery incorporating a valve chip which can be stably and accurately ruptured

at a fixed pressure, especially at a low pressure, so as to release the internal
pressure thereof and which can be manufactured easily, and a closing member
for use in the above mentioned closed battery. It is also the object of the
present invention to provide a closing member having a configuration capable of
being easily handled and almost free from causing defective products in the

manufacturing process, and a closed battery using the closing member.

[Disclosure of Invention]

The above mentioned problem can be solved according to the present
invention by a closed battery comprising an outer container, an electrode
element consisting of a positive electrode, a negative electrode, and a separator,
accommodated in said outer container together with an electrolyte, and a closing
member secured to the inner periphery of an open end portion of the outer
container so as to close the open end portion. The closing member consists of a
valve element and a metal foil, and the valve element is formed of a metal
substrate, on which a plurality of perforated openings are disposed along an

endless circumference with small interval between each opening. The metal foil



Is a half-etching nmethod for making the thinner portion of the wall of a
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plurality of perforated openings and the metal foil, is connected with a lead
cover for conducting a current from the electrode element. When the internal
pressure of a battery is elevated, the portion encircled by the plurality of
perforated openings is projected, and the lead cover is electrically disconnected
from the metal foil to cut off the current. When the internal pressure is further
elevated, the metal foil, which is laminated to close the openings of the valve
element formed of the metal substrate having the perforated openings thereon,
ruptures to release the internal gas of the battery so as to prevent burst of the
battery container.

The above mentioned plurality of perforated openings are circular
openings having the same diameter. They are preferably be disposed with
equal intervals respectively along a circumference of a fixed radius around the
center of the valve element, which is an example for the endless circumference.

Further, the sum total length of the openings formed as the plurality of
perforated openings on the endless circumference is preferably 30 to 85% of the
whole length of the endless circumference.

Furthermore, the metal substrate is preferably a steel sheet, a

stainless steel sheet, a copper sheet, or an aluminum sheet. The metal foil is



manuf act uri ng process, and a closed battery using the closing nmenber.

[ Di scl osure of Invention] The above nentioned problemcan be
sol ved according to the present inventigon by a closed battery conprising
an outer container, an electrode elenent consisting of a positive
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for cutting off the current can be set arbitrarily according to the shape and

disposition of the openings, and the pressure value at the internal pressure
released can be set arbitrarily according to the material and thickness of the
metal foil.

[Brief description of Drawings]

Fig. 1 is a vertical section view showing an upper part of a completely
closed battery by way of an example of the present invention.

Fig. 2 is a vertical section view showing an upper part of a completely
closed battery by way of another example of the present invention.

Fig. 3 is a plan view showing a closing member having a valve element.

Fig. 4 is a vertical section view showing the closing member.

Fig. 5 is an explanatory view showing an action of the closing member
when the internal pressure of the battery is abnormally elevated.

Fig. 6 is an explanatory view showing an action of the closing member
when the internal pressure of the battery is abnormally elevated.

Fig. 7 is a plan view showing another example of the closing member.

Fig. 8 is a plan view showing still another example of the closing

member.



According to the configuration of the present invention, a valve chip,
whi ch is conposed of the portion of the netal substrate encircled by the
plurality of perforated openings and the #etal foil, is connected with a
| ead cover for conducting a current fromthe el ectrode el enent. Wen the
internal pressure of a battery is elevated, the portion encircled by the
plurality of perforated openings is projected, and the | ead cover is
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is a vertical section view showing the closing member. Figs. 5 and 6 are
explanatory views showing actions of the closing member when the internal
pressure of the battery is abnormally elevated. Figs. 7 and 8 are plan views
showing the other examples of the closing member.

In Fig. 1, cylinderical outer container 30 having a bottom, which serves
as a negative electrode terminal, accommodates an electrode element 32
together with an electrolyte which are isolated from the outside. Electrode
element 32 is configurated such that a laminate, which is composed of a positive
electrode 32a, separator 32b, and negative electrode 32c disposed against the
positive electrode 32a and insulated from positive electrode 32a by separator 32b,
is wound in a coiled form.

Closing cap 33 having through holes 0, 0 for gas releasing, which
serves as a burst-proof mechanism and at the same time as a positive electrode
terminal, is secured by calking to upper open end portion of outer container 30
via insulating gasket 34. Above electrode element 32, lead cover 37 having
through hole for gas releasing 37b is disposed.

Between lead cover 37 and positive temperature coefficient element 38,

a resistance value of which is increased as the temperature increases thereby to



-6- preferably a steel foil, a stainless steel foil, a copper foil, an
alumnumfoil, a nickel foil, or a nickel-iron alloy foil. Thus,
the closing nmenber of the present inventgon is constructed such that a
portion thereof is transforned at a fixed pressure to rapi dIy cut off the
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Lead wire 6 is attached, by an appropriate means, to an inner surface
of valve chip V serving as the closing member for closing the upper open end
portion of the battery. Lead wire 6 is extended to positive electrode 32a of
electrode element 32. Thus, there is provided a current path of the battery.

The current path may be provided otherwise as shown in Fig. 2.
Namely, lead cover 37 is disposed opposing valve chip V with insulating gasket
40 interposed between them and concave portion 20 is formed at the center
portion of valve chip V, which is in contact with projection 24 formed at the
center portion of lead cover 37. Lead wire 6 is attached, by an appropriate
means, to the inner surface of lead cover 37 and lead wire 6 is extended to
positive electrode 32a of electrode element 32. Thus, there is provided an
example of the current path.

Valve chip V has a substantially disc shape in a plan view as shown in
Figs. 3 and 4. Valve chip V is composed of metal substrate 1 having a circular
shape and metal foil 2 laminated to the inner surface of metal substrate 1. As
a material for metal substrate 1, steel sheet, stainless steel sheet, copper sheet
or aluminum sheet may be used. As a material for metal foil 2, steel foil,
stainless steel foil, copper foil, aluminum foil, nickel foil or nickel alloy foil, for

example nickel-iron alloy foil may be used.



Fig. 5 is an explanatory view showi ng an action of the closing nenber when

the internal pressure of the battery is abnormally el evated. Fig.
6 is an explanatory view show ng an aetgon of the closing nenber when the
i nternal pressure of the battery is abnormally el evated. Fig. 7 is
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an endless in a circular line. As shown in Fig. 4, metal foil 2 has lead wire 6

e

attached to brazed portion 8, for example. When the internal pressure of the
battery is elevated, portions of the equal intervals "ﬁv" of metal substrate 1
which are liable to be transformed are elongated and portion 5 of valve chip
encircled by plurality of perforated openings 3 is projected so as to permit the
lead wire 6 to be detached from brazed portion 8 or be broken to cut off the
current.

The sum length: n X Al (Al represents a substantial length of each
perforated opening 3 on circumference I) of these plurality ('n" number) of
perforated openings 3 may preferably be 30 to 85% of the whole length of the
circumference 1. In a case where the sum length of the perforated openings is
less than 30% of the whole length of the circumference, the rigidity of metal
substrate 1 becomes higher. Accordingly, even when the internal pressure is
elevated, portion 5 of the valve chip is not projected sufficiently and hence lead
wire 6 is not detached from brazed portion 8. Therefore, it is impossible to cut
off the current. On the other hands, in a case where the sum length exceeds
85% of the whole length of the circumference 1, if any outer large force is applied
to the battery, dropping of the battery, for instance, portion 5 of the valve chip
is sometimes deformed to cause lead wire 6 to be detached from brazed portion 8

or be broken so as to cut off the current.



pressure of the battery is abnormally elevated. Figs. 7 and 8 are plan
views show ng the other exanples of the closing nenber. In Fig.
1, cylinderical outer container 30 having -a bottom which serves as a
negative el ectrode term nal, acconmodates an el ectrode el enent 32 together
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6 attached to metal foil 2 is detached from brazed portion 8 or breaks itself so as

to reliably cut off the current. When the internal pressure is further elevated,
portions of metal foil 2 that close perforated openings 3 are ruptured to render
valve openings unclosed and release the internal pressure, as shown in Fig. 6.
The released gas is discharged outside through valve openings 7 and through
holes 0 of closing cap 33.

In contrast, in cases where perforated openings 3 are not present in
such a line of the endless circumference with the equal intervals "w" on metal
substrate 1 but are present in a horseshoe shape, for example, when the
internal pressure is elevated, a tongue-shaped portion of metal substrate 1 that
is encircled by horseshoe-shaped perforated opening 3 is deformed, with a
continuous and single portion of metal substrate 1 having interval "w" being as
the fulcrum, and in particular a certain portion of this tongue-shaped portion
where is most distant from the above mentioned fulcrum is largely deformed
and a portion of metal foil 2 corresponding thereto is ruptured to release gas
and the internal pressure of the battery is set free. However, since the center
portion of valve chip V to which lead wire 6 is connected is near the above
mentioned fulcrum for causing such deformation, there is only little deformation

and the connecting portion of lead wire 6 is not broken. Thus, there may be a



dosi ng member for enclosing the el ectrode el ement 32 and others, is
provided. Periphery 36 of valve chip Vis in contact with positive
tenperature coefficient elenment 38, whigh-is in contact with periphery 33a
of closing cap 33. These peripheries 36 and 33a, and positive tenperature
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mn Figs. 7 and 8, it may be such that two or four ellipse-like openings 3 are

disposed on ellipse 1 whose axis is at the center of valve chip V, with equal
intervals "w" between them.

According to the completely closed battery of the present invention,
when the internal pressure of the battery is elevated due to some abnormality
such as short circuit, overcharge, or reverse charge, the equal interval portions
(easily transformable) between perforated openings 3 disposed on metal
substrate 1 with equal intervals between them are stably and accurately
elongated eépecia]ly at a low pressure so that portion 5 of valve element is
projected to disconnect lead wire 6 and electrically cut off the current. When
the internal pressure is further elevated, the portions of metal foil 2 that close
perforated openings 3 are ruptured at a fixed pressure to render the valve
openings 7 unclosed and discharge the inner gas of the battery. Accordingly, it
is possible to prevent abrupt elevation of the temperature and burst of the
battery.

The operating pressure, which stably permits portion 5 of valve
element of the valve chip to be projected, can be set by determining an

appropriate size of the equal interval portions (easily transformable) between



shape and netal foil 2 lamnated to the inner surface of netal substrate 1.
As a material for netal substrate 1, steel sheet, stainless steel sheet,
copper sheet or alum numsheet may be Lded. As a material for netal foil
2, steel foil stainless steel foil, copper foil, alumnumfoil, nickel
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perforated continuously along the longitudinal direction thereof by punching or

the like so as to provide thereon a number of openings 3 required for one valve
chip V. The thus perforated metal substrate 1 is laminated on one surface
thereof with metal foil 2. Then, the resultant laminate is blanked out in a form
of each valve chip V having a substantially circular shape. The strip of metal
substrate 1 is transferred by several pairs of rolls or continuously laminated to
metal foil 2 by a pair of rolls. In a case where the metal substrate has a
structure such that only one portion of the circle is not perforated, like a
horseshoe shaped opening, and when such a metal substrate is transferred and
laminated, the edge portions of such perforated opening are sometimes caught
by the rolls. In such a case, the valve chip are turned up with the
non-perforated portion as a fulcrum. The thus produced defective chips have to
be scrapped. Further, there may be a case where the continuous transfer and
lamination operation will become impossible.

According to the present invention, perforated openings 3 are formed
with a plurality of non-perforated portions present and perforated openings 3
are perforated such that the non-perforated portions are provided parallel to the
longitudinal direction (transfer direction) of the strip of metal substrate 1.

Accordingly, it is possible to prevent the edge portions of the openings from



current. The sumlength: n X [err]l ([err]l represents a
substantial length of each perforated opening 3 on circunference 1) of
these plurality ("n" nunber) of perfergged openings 3 may preferably be 30
to 85% of the whole length of the circunference 1. In a case where the sum

the | | :
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detached from brazed portion 8. Therefore, it is inpossible to cut off the
current. On the other hands, in a case where the sum | ength exceeds 85% of

appl | od TRSRARE RopbiofbAlb T oSS e battery. for instance. portion 5
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portions provided on the metal substrate to deform stably so as to cut off the
current in the battery at the time when the internal pressure reaches a fixed
value at a relatively low pressure. When the internal pressure is further
elevated, the metal foil, which closes the perforated openings provided on the
metal substrate is ruptured stably and accurately so as to discharge gas with in
the battery outside. Thus, it is possible to prevent an abrupt elevation of the
temperature or burst of the battery.
[Explanation of Reference characters]
0 : through hole
1 : metal substrate
: metal foil
: perforated opening
: portion of valve element
: lead wire

: valve opening

co 3 & ;v w N

: brazed portion
20 : concave portion
24 : projection

30 : outer container



perforated openings 3 (easily transfornmable portions) disposed in a |line of
the endless circunference on netal substrate 1 with equal intervals of "w
between them are elongated equally andipoertion 5 of the valve chip is
projected, as shown in Fig. 5. Due to such projection of portion 5 of the
val ve chip, |eadgwid d to netal foil 2 is detached from brazed
portion 8 or breal{sélg%tg@?&fse?%g to reliably cut off the current. Wen the

i nt ernal pressuggai.st,gsiﬁ‘t,@gfecﬁjoagat ed, portions of netal foil 2 that close
perf orated openi ngs are rupturéd to render valve openings uncl osed and

rel ease the int al re, as showmn in Fig. 6. The released gas is
di schar ged outs?’gB .ﬁgﬂﬁﬁ%ﬁﬁ’val ve openings 7 and through holes 0 of closing

cap 33. n . iy cases where perforated openings 3 are not
present in sucf?zlé'lnl %ghggse{l?%r&?dl ess circunference with the equal

intervals "w' og rrecﬁlal. substrate 1 but are present in a horseshoe shape,
for exanple, wh ﬁ‘t SINE AR nal pressure is el evated, a tongue-shaped
portion of met a% substrate 1 that 1is encircled by horseshoe-shaped
perforated openPREPETIRNEIECOVEd, with a continuous and single portion of
metal substrate %.havi .int erv%l "W' being as the fulcrum and in
particul ar a cePtaitASpAMg&aket: hi s t ongue- shaped portion where is nost

di st ant fromthg above .mentioned fulcrumis largely defornmed and a portion
of metal foil BoReIBRETHi ng thereto is ruptured to rel ease gas and the

i nternal pressurs cif &he battery is set free. However, since the center
37 : lead cover

37a : circumference

37b : through hole

38 : positive temperature coefficient element

40 : insulating gasket

V : valve chip

1 : endless circumference

r : radius of endless circumference as an entire circle
w : interval between perforated openings 3

A 1: length of perforated opening 3 on circumference 1



portion of valve chip Vto which [ead wire 6 is connected is near the above
mentioned ful crumfor causing such deformation, there is only little
deformati on and the connecting porti-onsof |ead wire 6 is not broken. Thus,

there may be a danger that the excessively large current which
caused theghevation of the internal pressure of the battery keeps
fl ow ng. a tonsequence, the nost inportant factor of the present
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said valve element being formed of a metal substrate, on which a

plurality of perforated openings are disposed along an endless circumference
with small interval between each opening, and said metal foil being laminated
to the inner surface of the metal substrate so as to close said perforated
openings, wherein portions of said small interval between said openings formed
on the metal substrate, which are transformable by a small force, are elongated
so as to cause a portion of the metal substrate encircled by said plurality of
perforated openings disposed on the endless circumference to be projected when

the internal pressure of the battery is elevated.

2. A closed battery according to claim 1, wherein said metal foil laminated to
the portion encircled by the plurality of perforated openings is connected with a
lead cover for conducting a current from the electrode element and when said
portion encircled by the plurality of perforated openings is projected due to the
internal pressure of the battery, said lead cover is electrically disconnected from

the metal foil to cut off the current.

3. A closed battery according to claim 1 or 2, wherein said plurality of

perforated openings are circular openings having the same diameter, which are

L]



(easily transfornmabl e) between perforated openings 3 disposed on netal
substrate 1 with equal intervals between themare stably and accurately
el ongated especially at a | ow pressure 1go-that portion 5 of val ve el enent
is projected to disconnect lead wire 6 and electrically cut off the

current. d]‘t%g@%%{\ iéléx%i%ke&%fssiéga) clifely-bh *Lgrcu%&‘fé‘} Gide Jathat i + 2855 Of

nmetal fol pefrforated openrngs are rup ure I Xe

pressure r nch g er
gas of tﬁt&tﬂt{‘@% cbifer 96 AR @%sz% 048, SRRl Bty ol 8

el evati on. 15@he tgnperature and burst of the battery The
operatln g? whi ch stably permts portion 5 of valve elenent of the

val ve chip to be prol ected, can be set by determning an appropriate size
of the equal interval porti ons (easily transf ormabl e) between

cui tabl "t a%lﬁ?ediﬁﬁ%é‘:?@% e OLGBLEe gt b %nw,&f%(ﬁﬁle'ttﬁé@?%gg@ble
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| foil I
et a Olendlzessshl}ggm elt'earllce 1S 3(? to 85% of the whole length of the endless

circumference.

5. A closed battery according to any of claims 1 to 4, wherein said metal
substrate is

a steel sheet, a stainless steel sheet, a copper sheet, or an aluminum sheet.
6. A closed battery according to any of claims 1 to 5, wherein said metal foil
is a steel foil, a stainless steel foil, a copper foil, an aluminum foil, a nickel foil,

or a nickel-iron alloy foil.

7. A closing member for use in the battery according to any of claims 1 to 6.
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can be manufactured with the highest accuracy in the mcron order.

The val ve el enent of the present invention is manufactured in the

foll owi ng manner. Nanely, netal subst+atre-1, which has a strip shape, is
perforated continuously along the longitudinal direction thereof by
punchi ngrp %‘EBA rovi de thereon a nunber of openings 3
requi red (E))(r:u%l%gtva @]m | \e/TpThe thus perforated netal substrate 1 is
| am nateg f?@ﬂ surface thereof with netal foil 2. Then, the resultant
| am nate 1's anked out in a form of each valve chip V havi ng a

subst ant g %:y?l rcul arpgfa ecﬂb‘i‘ ﬁeg 'p'}eé’ént”%\?éntmif%tfoatp‘%oﬁdg a closed

t r ansf erre several pair or conti nuous | am™nat e

foil 2 D¥agebidapdhid Q! riadl 9&1@&3@@ Fntelfial™® %@ésﬁb‘tﬁlﬁ&-@ﬁfeaﬁﬁsaﬁ thF. o

strﬁcture suc on y one poa I on ) 'S not perforated, ;
and :{Zﬁ%%?e@“‘?%"%sc@ gl e oﬁﬂsu?h}% Pegd (5 boViIR Bnl AesdCER rﬁ”:
nonper f BapBERtS: rfsaﬂé Aotk op 3hR it ol Bl SatBu it e}a%?@@”@h%éphévi
and 1 amt ARk 3h 35BS ErBRIeeRy c@se%m?ﬁeaﬁb@i el ReSsSRdlq BTHRed 68" e
pr esent |nv$nt|on erf or.at ed openin areéhor d with a pIurallty of

non- per f §¢ WFO‘W??J‘?%@&{ VARSE Fatesy &F nings 3 are perforated

such that the non-perforated portions are provided parallel to the

[Means of Solution] A closing member comprises valve element 5 formed
of metal substrate 1, on which a plurality of perforated openings 3 are disposed
along an endless circumference with narrow intervals between them, and metal
foil 2 laminated to the inner surface of metal substrate 1 so as to close
perforated openings 3. When the internal pressure of a closed battery is
elevated, portions of the narrow intervals of the metal substrate, which are
transformable by a small force, are elongated so as to cause a portion of the
metal substrate encircled by the plurality of perforated openings 3 disposed on
the endless circumference to be projected. The closing member having such
structure is secured to the inner periphery of an open end portion of outer
container 30 of the battery, which accommodates electrode element 32 consisting
of positive electrode 32a, negative electrode 32c, and separator 32b, together
with an electrolyte therein, so as to close the open end portion of outer container

30.

[Elected Drawing] Fig. 3



longitudinal direction (transfer direction) of the strip of nmetal substrate
1. Accordingly, it is possible to prévent the edge portions of the

openi ngs from ' - 13 - being caught
by the rolls or the valve chip frombeing turned up with the

non-perforated portion as a fulcrumin/fhe transfer and | anination

oper ati ons. [ I ndustrial Applicability]. As nmentioned above, even
when the internal pressure of a battery is elevated due to short circuit,
overcharge, reverse charge, or the.like, the safety valve chip of the
present invention operates to permt the easily transformable portions
provided on the netal substrate to deformstably so as to cut off the
current in the battery at the tinme when the internal pressure reaches a
fixed value at a relatively |ow pressure. Wen the internal pressure is
further elevatedi8ihe netal foil, which closes the perforated openings
provided on the netal substrate is ruptured stably and accurately so as to
di scharge gas with in the battery outside. Thus, it is possible to prevent

an abrupt elevation of the t &pper at u e or burst of the battery.
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- 1: netal substrate 2: netal foil 3: perforated opening

5: portion of valve el enent 6: lead wre - 7: val ve opening
.8: brazed portion 20: concave Portion 24: projection
30: outer container 2/5 - 14 - 32: electrode

el ement 32a: positive electrode 32b: separator 32c: negative el ectrode
33 closing cap 33a:periphery cover
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34: insulating gasket 36: periphery -37: lead cover 37a: circunference.
37b: through hole 38: positive tenperature coefficient elenent 40:
i nsul ati-ng gasket V. valve chip 1: endless circunference r radius of

endl ess circunference as an entire circl g W i nterval between perforated
openings 3. [err] 1: length of perforatedopening 3 on circunference 1
- 15 - [dains] 1. Aclosed battery conprising an outer container, an

el ectrode el enment consisting of a positive el ectrode, a negative electrode,
and a separator, accommodated in said outer container together with an

el ectrolyte, and a closing nenber secured to the inner periphery of an open
end portion of said outEn;%ontalner so as to close the open end portion,
sai d cl osing nenber consisting of a valve elenent and a netal foil,

sai d valve el enment being forned of a netal subs{rate, gn which a

Fig.4
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circunference’ with small interval between each openi ng, and said net al
foil being lamnated to the inner surface of the nmetal substrate so as to
cl ose said perforated openings, wher ei n 446rtions of said small interval

bet ween said openings forned on the netal substrate, which are
transfornmable by a snall force,. are el ongated so as to cause a portion of
the netal substrate encircled by said plurality of perforated openings

di sposed on the endl ess ci rRigisf erence to be projected when the internal
pressure of the battery is el evated. 2. A closed battery according to
claim1, wherein said netal foil lamnated to the portion encircled by the
plurality of perforated openings is Bonnected with a | ead cover for
conducting a current fromthg el ectrqde el enent and when said portion
encircled by the plurality of perforaked openings is projected due to the
internal pressure of the batt i d cover is electrically

di sconnected from the netal of f the current. 3. A closed
battery according to claim1l or \Q!aid plurality of perforated
openi ngs are circul ar openi ngg e _di aneter, whi.ch are

| 1111111 111111 11111 11111 Te&gas ed mnth equal intervals
iys around the center of the

val ve el enent, which is an exanple for e dless

Fig.G




3
ci rcunf er #¥ice? 4. A'ETOS%d battery according to any of claiims 1 to 3,

wherein the sumtotal ‘length of the -openings fornmed as the plurality of
perforated openings on said endless circunference is 30'to 85% of the
whol e | ength of the endl ess circunferen¢s. 5. A closed battery

according to any of clains 1 to 4, wherein said netal substrate is a )
steel sheet, a stainless steel sheet, a copper sheet, or an al um num sheet.
6. A closed battery according to any of clains 1 to 5, wherein said netal
foil is a steel foil, a s&ﬁ%ﬁless steel foil, a copper foil, an al um num
foil, a nickel foil, or -anrckel-iron alloy foil. 7. A closing nmenber
for use in the battery according to any of clains 1 to 6.

3 4l
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