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is elevated, and to a closing nmenber for use in the closed battery.

[Prior Art] Recently, -with increasing requirenent of electronic
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enhanciptriled descrintion of Wie Asnen§hedds batteries with high energy
density has becone popul ar.. Batteries which use an alkaline netal such as
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to high tenperature, - a short Circuit is fornmed inside or outside of the
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generated in the battery due to water contam nation penetrated in the
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accommodat es such a rupturing battery will be broken and noreover, there
~may be a danger of the broken device and battery harm ng the user.

Accor di n%l y, there should be a request for sone pressure
[Prior Art] .

Recently, with increasing requifement of electromnic
devices that are made much smaller in size and light weight and have
enhanced performance, the use of non-aqueous batteries with high
energy density has become popul.ar. Batteries which use an alkaline
metal such as lithiﬁm, sodium, or potassium as an active material of
negative electrode thereof employ battery containers of completely
closed structure because the alkaline metal easily acts with water.

Such a completely closed battery has a merit of storability,
but in reverse, its high seal;bility sometimes causes rupture of
the battery itself due to the abnormally elevated internal pressure
thereof in cafes where the battery is exposed to high temperature,
or a short circuit is formed i\'nside or outside of the battery to
cause a large flow of the current, or a hydrogen gas is generated in
the battery due to water contaminaj:ion penetrated in the
manufacturing process thereof. In such a case, the device that
accommodates such a rupturing battery will be broken and moreover,
there may be a danger of the broken device and battery harming the

user. Accordingly, there should be a reqguest for some pressure



" 2 rel easi ng nechani smbefore the internal pressure of the battery is
i ncreased to such a high extent.- "5 So far, several nethods for
rel easing the internal pressure of a battery have been proposed and some
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requires high sealability is disclosed in Japanese |aid-open publication

SHO 63-di®H9 fdmptiBhsnget hiwGbovecmBhalibREd rubber surface of the valve
member to the valve through hole. This safety valve holds the
sealability of the battery by closing the valve through hole with
the rubber-made valve member, and prevents the internal pressure of
battery from rising 1in excess of a prescribed pressure by
permitting the valve through hole to be opened when the internal
pressure rises to the pressure presribed for the elastic member.

Such a conventional safety valve has been widely used in
Ni-Cd type batteries. However, it has not yet been used in the
non-agqueous batteries which employ alkaline metals as the active
material of the negative electrode, since even if the elastic
member presses the valve member to the valve through hole to thereby
close the battery, it 1is 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
laid-open publication SHO 63-285859. In this method, a container
of the battery is provided with a thinned portion at a part of its

wall. This thinned portion is formed by cold_rolling a sheet of the



~of the battery is provided with a thinned portion at a part of its wall.
This thinned portion is formed by cold4olling.a sheet of the

" 3% vessel using a press device until the thickness of the rolled portion

of the sheet beconmes half of the initial thickness thereof. Thus, the
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structure, when the internal pressure of the battery is elevated,
the valve diaphragm is expanded to rupture the lead for breaking

current to break the current.

[Problem to be solved by the Invention]

According to the method as disclosed in Japanese laid-open
publication SHO-63-285859, it is necessary to obtain a thinned wall
portion of the container so that the thinned portion can be ruptured
at a relaively low pressure. However, when the wall portion is made
too thinned, there may be formed fine or minute cracks during
press~-forming, thus impairing the sealability of the battery
container.

Further, when metals are processed by cold working, they
inevitably work harden. However, the hardening of the metals does
not always takes place uniformly, and therefore, there arises a
problem that the operating pressure for such pressure releasing
mechanism cannot regularly be controlled. There has been further
proposed a half-etching method for making thinner a part of the wall

of a battery container, it is extremely difficult to control the



) r'réch_ani smlcannot‘regt’JI arly be controlled. There has been further proposed
a. hal f-etching nethod for making thi nngr a part of the wall of a battery

container, it is extrenely difficult to control the
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cl osed battery which onprises: an el ectrode el ement consisting of. a :
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a batter%e & ]Péai ner accommodating said el ectrode el ement together with
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mentioned above, it is an object of the present invention to provide
a closed battery incorporating a valve chip which can be stably and
accurately burst at a prescribed pressure, especially at a low
pressure, so as to release the internal pressure thereof and can be
manufactured easily, and provide a closing member for use in said

closed battery.

[Means for solving the Problem]

The present invention provides a closed battery which
comprises: an electrode element consisting of a positive electrode,
a negative electrode, and a separator; an electrolyte; a battery
container accommodating said electrode element together with said
electrolyte; and a closing member fited in the inner periphery of an
open end portion of said battery container to close the open end
portion of the battery container, wherein said closing member
consists of a metal substrate, a valve element which is provided
with a slit in said metal substrate so és to serve as a releasing
chip such that when the internal pressure of the battery is elevated,

the valve element is bent from a bending fulcrum so as to provide



portion of the battery container, wherein said closing menber consists of
~a netal substrate, a valve elenent whigh is provided with a slit in said
netal substrate so as to serve as a releasing chip such that when the

internal pressure of the battery is elevated, the valve elenent is bent
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internal pressure of the battery, and a metal foil which has a
uniform and accurate thickness and is laid over the metal substrate
so as to close a through hole which is usually closed with the valve
element, operates to transform itself and push and raise the valve
element. At this time, since the wvalve element 4is <formed
eccentrically to the metal substrate, the slit between them is
allowed to have a wide width, which facilitates the operation of the
valve chip V. When the valve chip is electrically disconnected and
the internal pressure reaches to a prescribed pressure, the valve
element is smoothly raised up thanks to the formation of such a wide
slit, and the metal foil bursts stably and accurately to discharge
the internal gas of the battery so that an abrupt rising of the
internal temperature or explosion of the battery can previously be
prevented.
[Preferred Embodiment]
The present invention is now explained in conjunction with

preferred embodiments and examples referring to the drawings. Fig.

1 is a vertical section view showing an upper part of a completely



N tﬁe_\i nterrial gas .of t he battery so that an abrupt rising of the internal

_tenperature or explosion of the battery can previously be prevented.
[Preferred Enbodi ment ] : The present invention is now explained in

conjunction with ref erredenbodi nents and exanples referring_to the
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Fig. 6 1s a plane view showi ng anot her enbodi nent of the valve chip.
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electrode 32a, a separator 32b, and a negative electrode 32c¢
disposed opposite to the positive electrode 32a via the separator
32b.

A closing cap 33 having through holes 0 and 0 which serves as
a explosion-preventing mechanism and at the same time as a positive
electrode terminal is fitted by calking in the upper open end
portion of the container 30 via an insulating gasket 34. Above the
electrode element 32, a sal_Jcer—liFe inner c&_ip 37 is disposed and a
gas release hole of a large diameter 35 is provided at the center
portion of the inner cap 37.

Between the inner cap 37 and the closing cap 33, a valve chip
V which forms a closing member for enclosing tﬁe electrode element
and others is provided. .A periphery 36 of the valve chip V is in
contact with a periphery 33a of the closing cap 33. These
peripheries 36 and 33a are fixed by calking in a circumference 37a
of the inner cap 37 via an insulating gasket 40.

A lead wire 6 is attached, by an appropriate means, to an
inner surface of the valve chip V serving as the closing member for

closing the upperopen end portion of the battery. The lead wire 6



) V-mhich forns a closfng menber for enclosing the el ectrode el enent and
~others is provided. A periphery 36 of the valve chip Vis in contact with
a- periphery 33a of the closing cap 33. These peripheries 36 and 33a are
fixed by cal kin a_circunference 37a _of the inner ca 37 wvia an
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sheet, ssabatnbhtesl steglomsheelectegptromn tbet gramp ialaimdimy ahesdierahekd ,
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to be a bending fulcrum portion 4. The slit 3 is so forned that a portion
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center of the.valve elenent 5 is provided with the nmaxi mum w dth of the

slit slit 3 between the valve element and the metal substrate has a width

positionally varied such that the slit may obtain a crescentic form.

The slit 3 having such a width penetrates through the metal

substrate entirely in its thickness direction. 'The valve element 5

has a part with no slit formed, which is to be a bending fulcrum

portion 4. The slit 3 is so formed that a portion of the slit

reverse to the bending fulcrum portion with regard to the center of

the valve element 5 is provided with the maximum width of the s_lit

and the width is gradually decreased £rom this maximum wide portion

toward both ends of the slit 3. An inner portion defined by the slit

3 constitutes the valve element 5 which is to operate as a pressure

releasing chip for releasing the internal pressure of the battery

when the internal pressure is elevated. When the valve element 5 is

raised up from the bending fulcrum portion 4, a wvalve opening

portion 7 will be formed sc as to release the internal pressure of

the battery. (See Fig. 5.) The lead wire 6 is attached to the metal

foil 2 through a braze portion 8, for instance.

Next, an operating manner of the wvalve chip in case of



~and .the width is.gradually decreased fromthis maxi numw de portion toward
both ends of the slit 3. An‘inner portigon defined by the slit 3

" constitutes the valve elenment 5 which I's to operate as a pressure

ressure of the battery _when the

rel easi n% chip_for releasi.ng the internal
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to the center C2 of the valve opening portion 7, there is produced a space
wi de enehgh tiee fiortexmdlapgessure is released outside. The gas generated
from the electrolyte passes through the valve opening portion 7 and
is discharged from the through holes 0 of the closing cap 33.
Incidentally, while the valve element 5 is raised up £from the metal
substrate from the bending fulcrum portion 4, since the center Cl of
the valve element is eccentric to the center C2 of the valve opening
portion 7, there is produced a space wide enough to form a large
valve opening portion.

The form of the valve element is not necessarily limited to
the substantially circular form as shown in Fig.2, but the valve
element may be one as' denoted by 10 in Fig. 6, which is provided with
an arm portion 4a at the bending fulcrum portion 4. According to
the composition of the present invention, in a completely closed
battery , thanks to the formation of the slit 3 having a large width
portion, when the internal pressure of the battery is elevated due
to some abnormality such as short circuit, overcharge, or reverse
charge, the valve element 5 is smoothly raised up together with the

metal foil 2 from the bending fulcrum portion 4, as shown in Fig. 4,



~ val ve openi ng portion. The formof the valve elenment is not
necessarily limted to the substantialJy circular formas shown in Fig.?2,
"but the valve elenent nmay be one as dénoted by 10 in Fig. 6, which is .
provided with an armgortlon 4a at the bending ful crumportion 4.
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explosion thereof. The operating pressure for the valve chip can
be controlled by manufactu;ing the metal foil with the highest
accuracy of its thickness in micron order. Further, the operating
pressure can be prédetermined within a stable pressure range by

selecting the material composition of the valve chip and adjusting

the length of the bending fulcrum portion 4.

[Effect of the Invention]

According to the safety valve chip of the present invention,
when the internal pressure of a battery is elevated due to short
circuit, overcharge, reverse charge, or the like, and at the time
when it reaches to a prescribed pressure, the valve element can
smbothly be raised up and the metal foil is allowed to burst stably
and accurately even at a low pressure so as to release the internal
gas of the battery. Thus, the battery can previously be prevented

from the abrupt rising of the temperature or explosion thereof.

[Brief description of the Drawings]



" the length of the bending fulcrum portion 4. [Effect of the Invention]
. According to the safety valve chip of jthe present invention, when the
ihternal pressure of a battery is elevated due to short «circuit,
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10 the prdbenk ifvantebhical section view show ng an upper part of the
conpl etely cl osed battery according to the present invention. Fig.

2 is a plane vigy.show @getﬂte.ovlaw@wc’cfamnasx@ﬁglm 18 Fiddeapresent
i nvention. Fig. 3 is a section view taken along Y-Y in Fig. 2.

Fig. 4 is an e¥pbanatis yavegwlshawbry hew glesvatnagdghreaoperatding mannakryve
chip in case of abnornmality. Fig. 5 is another explanatory view
show ngofHahepadyei ehiip Aantrse of abroxmaletEhip in case of abnormality.
Fig. 6 is a plane view showi ng anot her enbodi nent of the valve chip
according to tﬁégpréséﬁt appvBATi eRplanatorpxplianachenisg RbepeppREETiNg

charactersl1 Hetal substrate 2 petal foil 3 slit
manher of the valve chip in case of abnormallty

Fig. 6 is a plane view showing another embodiment of the

valve chip according to the present invention.

[Explanation of Reference characters]
1 : metal substrate
2 : metal foil
3 : slit
4 : bending fulcrum portion
5 : valve element
6 : lead wire
7 : valve opening portion
8 : braze portion
Cl : center of valve element

C2 : center of valve opening portion



4 bending fulcrum portion 5 val ve el enent 6 lead wire 7 val ve
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element which is provided in said metal substrate with a sl:L_t SO as
to serve as a releasing chip such that when the internal pressure of

the battery is elevated, the valve element is bent from a bending
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fulcrum so as to provide the metal substrate with an opening portion_

for releasing the internal pressure, and a metal foil which is
adhered to the inner surface of the metal substrate, wherein said
valve element is provided with a slit between the circumference
thereof and said metal substrate, and the center of salid valve

element is eccentric to the center of said metal substrate.

2. A closed battery according to claim 1, wherein said metal foil
is connected with a lead member for conducting a current f£from the
electrode element to a closing cap, and when said valve element
operates to release the internal pressure, said lead member is

electrically disconnected from the metal foil to break the current.

3. A closed battery according to claim 1, wherein said valve
element has a substantially circular form and is provided around
the circumference thereof with a slit whose width is positionally
varied, and said valve element is provided with a part serving as a

bending fulcrum portion.



_operates to release the internal pressure, said | ead nenber is
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sheet, copper sheet, and al um num sheet. 6. A closed battery according
to any of clains 1 to 5 wherein said netal foil is any one selected from
the group including a steel foil, stainless steel foil, copper foil,

al um num3J oi 1A clioslegl bagitery andondihel to rany af @ddaigid 1 to 7. whekresnng

menber incorporated into a closed_ battery according to any of clains 1 to

6. said metal substrate is made of any one selected from the group
including a steel sheet, stainless steel sheet, copper sheet, and

aluminum sheet.

6. A closed battery according to any of claims 1 to 5, wherein
said metal foil is any one selected from the group including a steel
foil, stainless steel foil, copper foil, aluminum foil, nickel foil,

and nickel-iron alloy foil.

7. A closing member incorporated into a closed battery according

to any of claims 1 to 6.



