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bat t er ysingvhem-agueous @lectrolyte will suffer an abnormal elevation of its own internal

pressure and even a burst of itself finally. For example, if a lithium secondary

battery is supplied with more than a rated current and overcharged, or the battery is
mishandled thereby to cause a short circuit of the positive electrode and the negative
electrode, inducing a large current into the battery, the non-aqueous electrolyte in
the electrode element is sometimes decomposed to generate gas. If such gas fills the
container of sealed structure mentioned above, the internal pressure of the battery is
abnormally elevated and the battery at last bursts itself.

Accordingly, an electronic device using such non-aqueous electrolyte
secondary battery as an electric source may suffer damage.

So far, there is known a closed secondary battery using non-agqueous
electrolyte which is provided with an explosion-proof mechanism for preventing such
burst of battery as mentioned above.

For example, Japanese Patent Laid-open Publication No. HEI-6-215760
discloses an explosion-proof mechanism of a closed non-aqueous electrolyte secondary
battery, which is provided with a valve diaphragm disposed above an electrode
element accommodated in a cylindrical outer container of a battery having a bottom
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To achieve the above mentioned object, according to claim 1, there is provided an

explosion-proof safety valve assemblage for use in a closed secondary battery
comprising an outer container, an electrode element, consisting of a positive
electrode, negative electrode, and a separator, accommodated in said outer container,
wherein said explosion-proof safety valve assemblage is sealingly secured to an open
end portion of said outer container via an insulating gasket integrally with a closing
cap, and said safety valve assemblage consists of a safety valve element, a coreless -
disc-shaped insulator, and a lead cap formed of a metal substrate substantially the
center of which is provided with an opening laminated with a metal foil.

According to claim 2, there is provided another explosion-proof safety valve
assemblage for use in a closed secondary battery comprising an outer container, an
electrode element, consisting of a positive electrode, negative electrode and a
separator, accommodated in said outer container, wherein said explosion-proof safety
valve assemblage is sealingly secured to an open end portion of said outer container
via an insulating gasket integrally with a closing cap, and said safety valve



separator, accommobdated in said outer container, wherein said
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12: et dfigf B lis an explode’t penspdctiver view showing an explosion-proof safety valve
element.
Fig. 3 is a front view and a section of the explosion-proof valve.
Fig. 4 is a front view and a section of a lead cap.
Fig. 5 is an explanatory view A of the operation manner of the explosion-proof
safety valve in case of abnormality.
Fig. 6 is an explanatory view B of the operation manner of the explosion-proof
safety valve in case of abnormality. .
Explanation of Reference characters used in figures is described as below.
V : explosion-proof safety valve element
P : generated gas
10 : explosion-proof safety valve assemblage
11 : metal substrate
12 : metal foil
13 : insulator
14 : metal substrate
15 : metal foil
16 : lead cap
22 : space
23 : fulcrum portion
24 : projection
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Preferred engdi tldughdoléhe expl osion-proof safety valve assenbl age and
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expl osi on-pro&{(_ s]gf etﬁ val ve assenbl age according to the present invention.
Fig. 2 is an%%ppisagipeleperti ve vi ew showi ng nenbers of the

expl osi on- pr @Ya spésitlye\@édﬂ;@ssenbl age including a lead cap. Fig. 3 is a
front view ofGOi)h )égﬁ" fSl on-proof safety valve elenent and a section
thereof. Fig At¥nt vi ew of the | ead cap and a section thereof. Fig.
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[Best Mode of Carrying Out the Invention]

Preferred embodiments of the explosion-proof safety valve assemblage and the
closed secondary battery according to the present invention are explained below with
reference to the drawings.

Fig. 1 is a section view showing the upper part of a closed secondary battery
provided with an explosion-proof safety valve assemblage according to the present
invention. Fig. 2 is an exploded perspective view showing members of the
explosion-proof safety valve assemblage including a lead cap. Fig. 3 is a front view
of the explosion-proof safety valve element and a section thereof. Fig. 4 is a front
view of the lead cap and a section thereof. Fig. 5 and Fig. 6 are explanatory views
showing the operation manners of the explosion-proof safety valve in case of
abnormality, for instance, when the battery is overcharged with more than a rated
current being supplied or the positive electrode and the negative electrode are
short-circuited to flow a large current in the battery.

As shown in Fig. 1, an electrode element 60 is accommodated in an outer container
50 which also serves as a negative electrode terminal. The electrode element 60
consists of a positive electrode 60a, a separator 60b, and a negative electrode 60c,
which are laminated together and coiled in a vortical form. A closing cap 30 serving
as both an explosion-proof safety member and a positive electrode terminal is formed
in a shape of a cap and provided with through holes 31 for gas releasing, and calked
to be fitted in an upper open end portion of the outer container 50 via an insulating
gasket 40 together with an explosion-proof safety valve assemblage 10 having a lead
cap 16. The closing cap 30 is disposed facing to the electrode element 60. Between
the closing cap and the electrode element, the explosion-proof safety wvalve



As shown in Fig. 1, an electrode elenent 60 is accommpdated in an outer
contai ner 50 which also serves as a negative electrode termnal. The
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prescribed prOJectmn 24 for producing a current circuit between the above mentioned

valve element V and the interior of the battery as mentioned above.

A retainer plate 70 having a plurality of holes 71 for gas releasing is disposed
above the electrode element 60. A positive electrode lead 61 has one end thereof
connected to a positive electrode 60a of the electrode element 60 through a peripheral
slit of the retainer plate 70 and the other end thereof connected to a lower surface of
the lead cap 14.

As shown in Fig. 2, the above mentioned safety valve assemblage 10 has an
arrangement of, in order from the upper, the valve element V, the insulator 13, and
the lead cap 16.

The valve element V has a circular shape, for example, as shown in the plan view
of Fig 3, and consists of the metal substrate 11 and the metal foil 12 laminated to the
lower surface of the metal substrate 11. The metal substrate 11 is provided with the
valve 21 in a prescribed shape.

A space 22 having an interval concentrically is pierced through the entire thickness



val ve element V and the interior of the battery as nentioned above. A
retainer plate 70 having a plurality of holes 71 for gas releasing is
di sposed above the el ectrode el enent 60g .A positive electrode | ead 61 has
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words, to increase the surface area of the exposed portion, which can be seen from
above, of the metal foil 12 in the metal substrate 11.
After the metal foil 12 is laminated to the lower surface of the metal substrate 11
to form the valve element V, the center portion thereof is wrought to have a
prescribed concavity 20. The working operation to form the prescribed concavity 20

may be performed simply by forming a concavity 20 on the upper surface of the valve
element V using a pressing machine or the like, for example. Various shapes of
concavity can be easily formed by controlling forces applied to the upper surface of
the valve element or changing tools so that a desired shape of the concavity 20 can be
obtained. Thus, the concavity may be formed into a spherical, cylindrical, regular
hexahedral, or hexahedral shape, for example.

As a material for the metal substrate 11, steel sheet, stainless steel sheet, copper
sheet or aluminum sheet may be used. On the other hand, a material for the metal
foil 12 includes steel foil, stainless steel foil, copper foil, aluminum foil or nickel-iron
alloy foil.

The insulator 13 is a coreless disc as shown in Fig. 2. At substantially the center



Instance, if it is desired to nake the val ve operate at a | ower pressure,
the valve may have a smaller surface area. To decrease the surface area of
the valve is, in other words, to increage the surface area of the exposed
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projection 24 can be obtamed. Thus, the projection 24 may be formed into a
spherical, cylindrical, regular hexahedral, or hexahedral shape, for example.

As a material for the metal substrate 14, steel sheet, stainless steel sheet, copper
sheet or aluminum sheet may be used. On the other hand, a material for the metal
foil 15 includes steel foil, stainless steel foil, copper foil, aluminum foil or nickel-iron
alloy foil.

In the closed secondary battery having such a structure, when the battery is
supplied with more than a rated current, for example a large current due to
overcharging, the electrolyte is decomposed to generate gas. The generated gas fills
the outer container 50 of the second battery, whereby the internal pressure of the
battery is elevated. The internal pressure is propagated through the plurality of gas
releasing holes 25 of the lead cap 16 and the large hole 26 at the center portion of the
insulator 13, to the above mentioned metal foil 12 of the valve element V located
above the large hole 26. |

The metal foil 12 is laminated to the lower surface of the metal substrate 11 and




of. the |l ead cap may be provided for gas rel easing. The operation for
formng the prescribed projection 24 at the center portion of the |ead cap
may be sinply performed by working on tghe surface of the netal foil 15 of
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[Industrial Applicability]

As explained above, according to the present invention, the lead cap is integrally
formed with the safety valve and serves to establish the current circuit of the battery
instead of the conventional one composed of lead plate or lead wire. Therefore, it is
possible to delete some manufacturing man-hour in the process for precision working
and positioning, which is required for the lead plate or lead wire. It is also possible
to provide a closed secondary battery provided with explosion-proof safety valve
assemblage using such economical and safety lead cap that allows the yield of the
product to be enhanced and the manufacturing cost thereof to be reduced.



current no longer flows into the battery. Subsequéntly,” as~shown-i-n Fig. 6,
t he 'above nentioned portion of the netal foil a'mﬁ)ﬂmm
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expl o ile assenbl age for use in a cl osed secondary

battery conpri si ng an outer container, an electrode el enent, consisting of
apositive | ectr tiv eIetrode d a separat.or, dat ed
Sa 0 outtr SBnenp{peion Probt Safot Aluk SSRRNERE JBF Gt by 5y Sosed 0
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out er ont ai ner. @5@” el ectrode el enment consisting of a positive el ectrode,
negat i AR and a separator,

said explosion-proof safety valve assemblage consisting of an explosion-proof

safety valve element, substantially the center of which is provided with a concavity, a
coreless disc-shaped insulator, and a lead cap composed of a metal substrate
laminated with a metal, substantially the center of which is provided with a
projection.

3. An explosion-proof safety valve assemblage according to claim 2, wherein the
concavity of said explosion-proof safety valve assemblage is bonded to the projection
of said lead cap by laser welding or ultrasonic welding so that a current circuit is
produced in the closed second battery.

4. An explosion-proof safety valve assemblage according to any of claims 1 to 3,
wherein said lead cap is provided with a plurality of through holes for gas releasing.

5. An explosion-proof safety valve assemblage according to any of claims 1 to 4,
wherein said explosion-proof safety valve element is composed of a metal substrate
laminated with a metal foil.

6. A closed secondary battery using the explosion-proof safety valve assemblage



accommpdat ed in said outer container, sai d explosion-proof safety

val ve assenbl age being sealingly secured to an open m m‘ﬂl“mmumu

out er contalner via an insulating gaskeggintegrally “ p; and
sai d exfh g18r£§rfoﬁé£ﬁﬁ¥ 14@/ye assenbl age consi stirtg 6f an "

eprOS|on pr oof ety valve elenent, substantially the center of which is
provided with a concavity, a coreless di sc-shaped insulator, and a | ead cap
conposed of a netal substrate lam nated with a netal, substantially t he
center of which is provided with a projection. 3. An expl osi on- proof
safety val ve assenbl age according to claim2, wherein the concavity of said
expl osi on- proof safety valve assenblage is bonded to the projection of said
| ead cap by laser welding or ultrasonic welding so that a current circuit

is produced in the closed second battery. 4. An expl osi on-proof safety
val ve assenbl age according to any of clains 1 to 3, wherein said | ead cap
is provided with a plurality of through holes for gas rel easing. 5. An

expl osi on- proof safety val ve assenbl age according to any of clains 1 to 4,
wher ei n sai d expl osi on-proof safety valve elenent is conposed of a netal
substrate lamnated with a netal foil. 6. A closed secondary battery
usi ng the expl osi on-proof safety val ve assenbl age - 10 -
according to any of clains 1 to 5.



