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SEALED BATTERY

BACKGROUND OF THE INVENTION

Field of the Invention:

This invention generally relates to batteries and, more

particularly, to a sealed battery.

. Description of the Prior Art:

In recent years, a seoondary cell or battery such as a
lithium battery, a carbon lithium battery or the like is
widely'ueed in video tape recorders, cloohs and so on.

The batteries of this kind take a sealed structure, but
sometlmes cause exp1051ons because the electric power
generating element enclosed within the battery causes a
chemical change to increase the inner pressure.

If a nonaqueous electrolyte battery, normally such as the
lithium battery is overcharged or ShOrt-CLICULted to flow a
large current by mistake or the like, the electrolys;s
solutlon may be sometrmes decomposed to produce a gas. The

battery, when filled with this gas, has its inner pressure

' ralsed by thlS gas and may be lnstantly destroyed.

U.S. patent No. 4,943,497 describes a sealed battery that

can prevent such an accident.

This proposed sealed-battery, as shown in FIG. 1, has an

iouter can 2 w1th1n which an electrlc power generatlng element

1 is enclosed, and a lid 3 Wthh is normally used as the

.posltlve electrode terminal and - ‘mounted at the open end of the
-can 2 through a ring-shaped gasket 4 so as to seal the 1lid 4

to the can 2. 1In addltlon, a safety valve 5 is provided
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within this 1lid 3. This safetyﬂvalve 5 is made of a metal

- plate which is easily deformed by the increase of the pressure

within the battery. Also; current cutting-off means 6 is
actuated by the deformation of the safety valve 5.

FIGS. 2 and 3 are magnified cross-sectional views of a
main part of the above battery, showing the normal state and
the abnormal state in which the pressure within the battery is
increased, respectlve}y. The electric power generating ..
element 1 has, for example, sheets of negative and positive
electrode materials and a Separator. This separator has an
electrolysms solutlon impregnated therein. The sheets are
wound together in a cylindrical. shape, gripping the separator
therebetween In addition, rlbbon—llke lead plates 7 and- 8
are drawn out of the negativeé electrode and positine electrode

sheets. One of the lead plates, or the lead plate 8, is

connected to the bottom of the outer can 2 (see FIG. 1).

The safety valve 5 is made of a metal plate of a disk
shape and formed to be a dieh-like disk shape which projects
toward the electric power generating element 1, by prees

molding. This safety valve S also has a safety valve

'prOJectlon 9 prov1ded at the center thereof to project toward

the electrlc power .generating element 1. The outer perlpheral
flange portion of the safety valve 5 is bent to wrap or hold,
for.eiample, the outer peripheral edge of the lid 3. This .

euter peripheral flange and the edge of the lid 3 are pressed

by caulking against the open end of the-outer can 2 through

_the rlng-shaped gasket 4, thereby seallng the outer can -2.

The lid 3 has apertures 10 bored therein for exhausting
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the gas. However, the outer can 2 is maintained to be

In addition, a cylindrical disk holder 11 is fixedly

fitted on the outer periphery of the safety valve 5 to be

held.

This cylindrical disk holder 11 has provided therein a

flat plate 1lla pPerpendicular to its axis as shown in FIGS. ¢

and S which are respectively a plan view of the disk holder

.11, and a cross-sectional diagram taken along the line Vv -'v

in the plan view. A disk 12 is forceq to be fitted within
: the disk holder 11.

The flat plate lla of the holder 11 and the disk 12 have

{central apertures llc and 12c bored, respectively. The

 safety valve Projection 9 of the safety valve 5 is inserted

through these apertures llc and 12¢ to reaoh the electric _
power generatlng element 1 side of the disk 12. Thus, the tlpi
of this progectlon 9 hits the posxtlve-electrode lead 7 of the
electrlc power generating element 1. Then, the tlp of the

projection 9 and the lead 7 are jOlned by ultrasonic welding

or other means.

P

1

The disk 12 and the flat plate lla of the disk holder 11
also have apertures 12W and 11W bored ‘at the corresponding

pOSLtlons, respectively, so that gas can be exhausted through

 these apertures.

if a gas is generated by some cause in the accommodating
portion - for the element 1 of the battery to increase the inner

Pressure, the safety valve 5 is Ppushed up by the pressure’ of
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the gas which has passed through the aperture 12W of the disk

2 and the aperture 11lW of the flat plate lla of the disk
i_holder 11. As a result, the safety valve 5 is deformed, or

swollen toward the_liq 3 as shown in FIG. 3. ‘Therefore, the
pressure within the battery can be reduced by this deformation
of'tﬁe safety valve 5, and also the projection 9 is forced to
rise in proportion to the deformation of the safety valve 5.
At thie time, the ribbon lead 7 welded to the'tip of the
iprojectioﬁ 9 is also forced to rise, but the lead 7 cannot be
moved because it is blocked by the disk 12. Thus, the tip or
the projection 9 is pulled off from the ribbon-shaped lead 7
Zso that the lead 7 is electricallf discoﬂﬁected from the
,:safety.valve 5, or that the element 1 of the battery is
Eelectricaliy discennected'from the 1lid 3. The current
cutting-off means 6 is thue constructed as above.

"In this way, the gas can be stepped-from generation and
the pressure within the battery can be suppressed from
‘increase. | '

According to this arrangement, however, the ribbon-shaped
lead 7 whlch is generally about 3 mm wide and flexible may be
drawn in the central aperture 12c of the disk 12 when the
pressure within the battery is increased to deform the'safety
valve 5. ° At . this time, the lead 7'is'not-always be surely
_-pulled off, or cut from.the joint with the tip of the
projectlon ‘9. In addition, since the cut end of the lead 7
Mhlch Ais dlsconnected and pulled up to float may be

nadvertently made in contact wlth the can 2, or with the

Pegative electrode to cause a short-circuit, thus losing the
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%afety.

OBJECTS AND SUMMARY OF THE INVENTION
; Therefore, it is a general object of the present
invention to provide an improved sealed battery in which the
ufotesaid'shortcomings.and disadvantages of the prior art can
pe eliminated.

More specifically, it is an object of ;he present
.nvention to provide a sealed battery in which when the
iressure within the béttery is. increased, the current is sure
0 be cuf off, the pressure within the bettery can be-reduced
1thout error, and the short-circuitihg'by the- lead can be
revented not to cause the destructive failure of the battery

Acdording'tp'a first aspect of the preeent invention,
here is provided a sealed battery including a safety valve
ade of a metal plate which can be deformed by the increase of
he inner pressure of a battery, &and current cutting-off means
aich is actuated by the deformaeion of the safety valve,
1erein ehe safety valve has a safety valve b:ojection
rovided at its center to project toward an electric power
eherating element of the battery, a disk having a central
>erture in which the safety valve projection is inserted and
\s apertures through whieh gas is passed is fixed betweeﬁ the
|fety valVe-and the electric power geﬁerating element, a thin
tal piate to which one;of the leads of the electric power
nerating element is connected is attached to the element
de of the disk to close the central aperture, end the safety

lve projection is welded to the thin metal platé through the

ntral aperture.
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According to a second aspecf of the present invention,

there is prov;ded a sealed battery including a safety valve
made of a metal plate which can be deformed by the lncrease of
.the inner pressure of a battery, and current cutting-off means
which is actuated by the deformation of the safety valve,
wherein the safety valve has a safety valve projection”
provided at its center to pProject toward:an electrlc power
generatlng element of the battery, a disk. made of metal is
flxed between the safety valve and the electric power
generating element, the safety valve projection is welded to
Ithe center of tne disk, the disk also'has gas apertures
:provided at other positions than the center, and one of the
leads of the electric power generating element is electrically
iconnected to the element side of the dlsk

According to this invention, when the inner pressure of
the battery is increased, the current can be surely cut offl

and the inner pressure can be surely reduced without caus;ng a

short-c1rcu1t by the lead SO that the battery can be prevented

from destructlve exp1051on.

The above and other objects, features, and advantages of
'the present invention w111 become apparent from the follow1ng
detalled descrlptlon of lllustratlve embodlments thereof to be
read in conjunctlon with the accompanylng drawings, in -which
like reference numerals are used to ldentlfy the same or

Similar parts in the several view.

| _ BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a partially cross-sectional side view of a

Conventional sealed battery;
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FIG. 2 is a cross-sectlonal view of & main part of the

conventional sealed battery;

FIG. 3 is another cross-sectional view of the main part
of the conventlonal sealed battery, showing the abnormal

condition;

FIG. 4 is a plan view of a disk holder of the

conventional sealed battery;

FIG. 5 is a cross-sectional view of the disk holder of
the conventlonal sealed battery;

. FIG. 6 is a cross-sectional view of a main part of one
Lembodiment of a-sealed battery according fo the present
invention;

FIG. 7 is another cross-sectional view of the main part
of the embodiment of the present invention of FIG. 6, showing
the abnormal condition in which a gas is generated within the
battery; | -

._FIG. 8 is a cross-sectional view of a meiﬁ part of
another emﬁediment of the sealed battery according to the
bresent invention; |

- FIG. 9 is another_cross—sectiohal view of the main part
pf the embodiment of FIG. 8, shbwiné the abnormal cendition in
yhich a gas is genereted within the battery;

FIG. 10 is e cross-sectional view of an example of a

kafety ralve;

FIG. 11 is a graph showmng the measured results of the
hut-off pressure of the safety valve of the sealed battery

Lccordlng to the present lnventlon, ‘and

FIG. 12 is a graph showing the measured results of the
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.'cut-off pressure of the safety valve of the conventional’

.sealed battery.

DE.TAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
'The present invention will now be described in detail
with reference to the drawlngs.
FIG. 6 is a cross-sectional view of a main part of an
embodiment of the sealed battery according to the present -
invention. This sealed battery has the safety valve 5 which
is made of a metal plate that is deformed by the increase of
the pressure within the battery, and the current cutting-off
means 6 which is actuated by the deformation of the safety
valve 5. In addition, a disk 23 is fixed between the safety.
valve 5 and the electric power generating element 1. This
disk 23 has a central aperture 21 in which the projectien 9 of
the safety valve 5 is inserted,.and gas apertures 22 through
which a gas is passed.
Moreover, a thin metal plate 24 which is electrically
coﬁnectedlto one ribbon lead 7 of the electric power
‘generating element 1 is attached to the element 1 side of the
; disk 23 in such a manner as to close the central aperture 21.
On the other hand, the safety valve prbjectiod 9 is
| welded through the central aperture 21 to the thin metal plate
24. |

FIG. 8 is a cross-sectional-view of the main part of

another embodiment of the sealed battery accordlng to the
present invention. This sealed battery similarly has the
safety valve 5 which is made of a metal plate that is deformed

by the increase of the pressure within the battery, and the
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current cutting-off means 6 which'is actuated by the
. deformation of the safety valve 5. In addition, the safety

valve 5 has the projection 9 at the center thereof, and this
projection 9 faces the electric power generating element 1
Moreover, the disk 23 made of metal is fixed between the

safety valve 5 and the element 1, and the safety valve
projection 9 is welded to the disk 23 at the center thereof.
This disk 23 has the gas apertures 22 bored therein at other
positions. The ribbon lead 7 of the electric power genérating
élément 1 is electrically connected to the element-l side of
the disk 23. |

According to the embodiments of the sealed battery of the |
invention, when the safety valve 5 is pushed up by the’
increase of the pressure wiﬁhin the battery, the.s%fety valve
5 is deformed to be swollen toward the opposite side to the -
element 1 és shown in FIGS;-7 and 5. At t@is time, if the
strength of the welded joints between the safety valve 5 and
the thin metal plate 24 and between the safety vaive.s and the
disk 23 is previously selected to be proper, or necessary
Galues, the joints can be broken when the safety valve 5 .is
deformed to an eﬁtent according to the set weld strength.

fhus; according to the present invention, since the weld
joint is broken by the increase of the pressu;é_within the
battery, the safety valve 5 cén be electrically discoﬁnected .
from the ribgon lead 7 of the electric power generating
-element 1. Thus, the current cutting-off means 6 is able to
cut off the current, suppressing the gas. from being further

Qenerated.
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Therefore, since the deformation of the safety valve 5
makes it pOSSlble to reduce the pressure within the battery
and to cut off the current, the pressure within the battery
can be prevented from being much increased to en extent that
the battery is fatally exploded.

According to the present invention, since the weld joint
is broken by the deformation of the safety valve 5 due to the
inerease of the pressure within the battery, the safety valve
5 can be stably pulled off from the thin metal plate or the
disk 23 as compared with the prior art in which the safety
valve is pulled off from the flexible ribbon lead 7. In -
addition, the increase of the pressure within the battery is
sure to cut off tﬁe current and stop the gas from generation.
The above embodimepts of‘the sealed battery of the
invention will be deseribed'more in detail.

.The first embodiment of the invention will be described
with reference to FIGS. 6 and 7.

The sealed battery'of this embodiment has the current
cutting-off means 6 provided between the electric power
generating element 1 and the lid 3 which is used as the
positive electrode terminal;ef the battery.

' The electric power generating element 1 is produced -
similarly to the.prior art as, for example, shewn in FIGSs. 1

hrough 5. In other words, sheets of negative and positive

lectrode materials and the separator that is impregnated with
n electrolysis solution and interposed between these sheets
re wound in a cyllndrlcal shape to form the electric power

beneratlng element 1.  In addition, leads of, for example, a

10
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_ ribbon shape are drawn out of the'negative and positive
electrodes. The negative ribbon lead not shown is connected
to the bottom of the outer can 2.

The safety v51ve 5 is made of a metal material and formed
in a dish-like shape by, for example, press molding. This
dish-shaped, or disk-like shaped safety valve 5 has provided
at its center the projectlon 9 that projects toward the
element 1. The outer perlpheral flange of the safety valve 5
is bent to wrap, or hold the outer edge of, for example; the
lld 3 as illustrated. The edge of the 1lid 3 and the flange
of the safety valve 5 are securely mounted by caulking,
together with the insulating rlng—shaped gasket on the open
end of the outer can 2 in which the element 1 has been
enclosed.

The lid 3 has the apertures 10. bored therein for
exhausting the generated gas. The euter'can 2, 'hewever, can
be maintained to be sealed, or shut off from the outSLde by
ithe safety valve 5.

.Moreover, a cyllndrlcal disk holder 31 made of an
insulating plastic material or the like is forcibly fltted on
the outer periphery of the dish-like safety valve 5.

This cylindrical disk holder 31 has.a ring plate 31la
integrally provided at the middle poeition within the holder
to project toward its center froﬁ“its inner periphery. . The
disk 23 is pushed, or fixedly fitted into the disk holder 31
until.it hits the_ring plate 31a.

The disk 23 is made of a rigid and ‘thick metal plate so

that it can be maintained flat. _ The disk 23 has the cent:al

11
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‘aperture 21 bored at its center. The projection 9 provided

at the center of the safety'valve 5 is loosely inserted into
the central aperture 21 so that its tip can face the element 1
side surface of the disk 23. _

A plﬁrality of gas apertures 22 for passing the generated
gas therethrough are bored in the disk 23 at other positions
tﬁan the center of the disk, or at positions symmetrical with
respect to the axis of the disk 23.

.The thin metal plate 24 is attached to the element 1 side
of the disk 23 and securely bonded to the disk 23 at poxnts P,
by, for example, weldlng ' .

This thin metal plate 24 is sized and shaped to close the
central aperture 21 of the.disk 23, oppose all the central
‘aperture 21 and cross all the circumference of the central
aperture 21. _ '

In addition, one of the ribbon-shaped leads of the
element 1 of the battery, or the positive-electrode 'side lead
7 is securely bonded to the element 1 Slde of the thin metal
plate 24lat points P, by, for example, welding.

Moreover, the safety valve projection 9 of the safety
valve 5 is inserted in the central aperture 21 of the disk 23
and welded to the thin metal plate 24 at a point P,. In this'
case, the weld must have such a necessary bonding strength
that the projection 9 can bé easily pulled off from the thin
metal plate 24 when the gas pressure W1th1n the battery is
excessively increased. |

Thus, the positive-electrode riobon lead 7 of the element

! of the battery is electrically connected to the lid 3

12
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through the thin metal plate 24 and the safety valve 5.

Shown at 20 is an rnsulating sheet that.is provided on .
the element 1 of the battery.

If now a gas is geﬁerated by eome caﬁse, for example,
overload, overcharging or short—circuiting'to increase the
pressure.within the battery, this gas is passed through the
gas apertures-zz of the disk 23, and pushes the inner surfece
of the safety valve 5 up toward the lid 3; At this time, the
safety valve projectiod 9 of the safety valve 5 resists.the
pushing force since its tip is welded to the thin metal plate
24 at the point P;. However, when the pressure within the
battery is 1ncreased to a certaln extent or above, the weld at

this point P; which has the prevrously-mentloned bonding

strength set so that it can be easily ‘broken under a certain
pull is broken to cut off the current since the safety valve 5
is deformed, or bent outward so that its central portion is
separated away from the disk 23 in an arc shape as shown in
FIG. 7. "
. At this time, the thin metal plate_24 is fixed to the
periphery of the central aperture 21 of the disk 23, and thus
maintained to be flat. Therefore, the tip of the projection
9 can be surely pulled off' or disconnected at the weld of
pornt P; from the thin metal plate 24 under a constant inner
pressure of the battery. - Thus, the gas can be: stopped from generation.
When the gas is st111 generated under thlS condition,
however, the alrtlghtness of the safety valve 5 is broken
under a certain extent of inner pressure, preﬁehting the

battery from being fatally destroyed because the-éafety valve

13
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5 has a thin- wall portion provided though not shown.
Accordiﬁg to this strucfure, the current cutting-off
means 6, that is, the safety valve 5, the disk 23, the disk
holder 31 and the thin metal pPlate 24 are previdusly assemb]ed
into the "lid 3. When the lid 3 is mounted on the can 2, they
are connected to the ribbon lead 7, and the gap between the
edge of the 1lid 3 anh tﬁe open end of the can 2 is caulked
with the inéulating ring-shaped~gasket 4 so as to seal the
can. Therefore, the qualitf of the current éutting-off means
6 can be checked-before the coméletion of the battery.

| While iﬁ the.embodiment shown in fIGé. 6 and 7 the'safety "
valve projection 9 of the séféty_valve 5 which is def?rmed by
the increase of the inner pressure of ﬁhe bat;ery is welded to
the thin metal plate 24 to which the ribbon lead 7 is welded,
the'curreﬁticutting—off means 6 can be formed in the foilowing
way. | The thin metal plate 24 is omitted, and instead the
prbjection 9 of the safety valve 5 jis peelably welded to the
disk 23 which is made of metal, 6r is electrically conductive
as shown in FIG. 8. Thus, when thé inner pressure of the
béttery is increased as shown in FIG. 9, the safety valve 5 is
&eformed to. project toward the lid 3 and the projection 9 of
the éafety valve 5 is pulled off at the weld of point P, fropm
the disk 23, thus cutting off the current. .

In FIGS. 8 and 9,. like elements corresponding to those in

IGS. 6 and 7 are identified by the same reference numerals
nd will not be described. 1In this embodiment, the Safety
alve projécﬁion 9 provided at the center of the valve § is

relded to the center of the disk 23. Thus, this embodiment

14
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pas. no central aperture 21 which ‘is provided in the embodiment

e
1

shown in FIGS. 6 and 7. In addition, the ribbon lead 7 is
welded to the element-l1 side of the disk 23.

h According to this invention, while the projection 9 of
the safety valve 5 is pPeelably welded to the thin metal plate
24 or disk 23 at point.P3 as described above; it may be bonded
by ultrasonic welding or laser welding.- The'strength of the
weld can be set by properly selecting a value of the welding
energy, a size of the weld point and the number of weld
points.

Also, in the .structure shown in fIGS. 8 and é; since the
safety valve 5 is welded to the disk 23, the height of the
projeétion 9 can be reduced as shown by the cross-sectional
view in FIG. 9, and thus the safety valve 5 can be produced
With ease as compared with the structure shown in FIGS. 6 and
7 or the prior art shown in FIGS. 2 and 3 in which ‘the
projection 9 of the safety valve 5 is inserted through the
aperture of the disk 23 to reach the opposite Slde of the disk
ko the safety-valve sxde and welded to the thin metal plate 24
pr the ribbon lead 7.

" Both the’ structures shown in FIGS 6 and 8 are simplified
-Lnd produced with ease, as compared with those of the prior
irt, since the disk holder 31 is cylindrical and has simply
the ring plate 31la projected within the cylinder

Fifty batteries of the structure shown in FIGS. 8 and 9
jere produced and the inner pressure of the battery at which
the current cutting-off means 6 by the safety valve 5 is

ctuated to cut off the current was measured for each of the

15
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batteries. FIG. 11 shows the results of the measurement, or

the relation between the cut-off pressure and the number of
the corresponding b;tterieé.

Similaily, 30 batteries of the conventional structure
shown in FIGS. 2 and 3 were produced and the_pressuré was
measured for each of the batteries similarlj. FIG. 12 shows
the results of.the measurement. |

From the comparison of FIGS. 11 and 12, it wili 5e seen
that the distriﬁution of the cutoff pressure of the invention
is nar;oWef than that of the prior.art. In this connection,
the sfandard deviation ¢ in the invention.is 0.75, while that
in the prior art is 0.92.

According to the_present invention, for cutting off the
current, the safety valve 5 which is deformed by the increase
of tﬁé inner pressure of the battery is not pulled off ffom
the flexible ribbon lead itself as in the prioxr art, but the
safety valve 5 can be pulled off from the thin metal plate 24
or the disk 23 which is érevious;y electrically connected to
the ribbon leéq of the battery and to which the safety valve
is préviously welded to be peélab;e by a certain necessary
force. Therefore, the current can be surely cut off by the
excessive increése of the inper pressure of thé battery.

When the’safety valve 5 is pulled'off, the end of the.
lead ‘7 is still fixed to the thin metal plate 24 or disk 23.
Thué, the lead is not unstably flqated, and therefore it can
be prevented from being made in contact with others, for
: exémple, the can 2.

While the current cutting-ofﬁ means 6 is provided on the

16
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-positive electrode side of the baEtery ds above, this means ¢

' may be'provided on the negative electrode side of the battery.
- Having described preferred embodiments of the invention
‘with reference to the accompanying drawings, it is to be
‘understood’ that the invention is not limited to those precise
eﬁbodimepts and that various changes and modifications could.
be effected therein by'one skilled in the art without

departing from the sp1r1t or scope of the invention as defined

in the appended claims,

17
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What is claimed is:

1. A sealed battery comprising a safety valve made of a
‘metal plate which can be deformed by the increase of the inner
pressure of said battery, and current cutting-off means which
is actuated py the deformation of said safety valve, wherein
said safety valve has a safety valve pfojection provided'at
ité center to project toward an electric power generating
elenent of séid battery, a disk having a central aperture in
wﬁich said safety valve projectioﬁ is inéerted and gaé'
ape;tures thfbugh which gas is passed is fixed between said
safety valve and said electric bower generating element, a
thin metal plate to which-one of the leads of said electric
power genefating element is connected is attached to the
element side of said disk to close said central aperture, and .
said safety valve projection is welded to said thin metal

plate through said central apertﬁre.

2. A sealed battery comprising a safety valve made of a
metal plate which can be deformed by the increase of the inner
pressure of said battery, and cgrrent_cutting-off means which
lis actuated by the deformation of said safety valve; wﬁerein
said-safety valve has a safety valve projection provided at
its center to project toward an electric powef generating
element of 'said battery, a disk made of metal is fixed between
said safety valve and said electric power generating element,

said.safety valve projection is 'welded to the center of said

18
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disk, said disk has gas apertures provided at other positions

than said center, and one of the leads of said electric power

generating element is electrically connected to the element

side'of said disk.
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