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ABSTRACT OF THL*:: DISCLOSURE

A secondary battery has a disconnect assembly for
cutting off a current path when a pressure in the battery
1s abnormal, disposed in an open end of an outer casing.
The disconnect assembly includes a rupture disk sealing
the open end of the outer casing, a cap electrically
connected to a portion of a surface of the rupture disk
and serving as an outer terminal of the battery, a weld
plate joined to a portion of another surface of the
rupture disk -and serving as an inner terminal of the
battery and having vent holes, and an insulating gasket
sealing a gap between the rupture disk and the outer
casing and holding the rupture disk and the weld plate in
an electrically insulated fashion, except for a space
around a junction between the rupture disk and the weld
plate. A portion of the rupture disk and the weld plate
are so joined that the diffusion of atoms at a junction
interface is in an initial stage. An ultrasonic welding

machine is used to carry out the above joining.
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SECONDARY BATTERY AND METHOD OF MANUFACTURING SAME

BACKGROUND OF THE INVENTION
1. Field of the Invention:

The present invention relates to a secondary battery
having a function to cut off a current path when the
pressure 1n the battery rises, and a method of
manufacturing such a secondary battery.

2. Description of the Related Art:

In recent years, there has been a demand for
secondary batteries, e.g., lithium ion secondary
batteries, of high energy density which can be used for a
long period of time through repeated charging and
discharging cycles. It is more important than ever to
take sufficient safety measures for those secondary
batteries. Generally, secondary batteries are of a
sealed structure. Therefore, for example, when a
secondary battery is overly charged, the electrolytic
solution contained therein is rapidly vaporized into a
large amount of gas in the battery, resulting in a sharp
rise of the pressure in the battery. If such a condition
continues, the battery itself tends to rupture, causing a
dangerous situation. One of the safety measure which
have been used in secondary batteries is a current
cutting-off component (hereinafter referred to as

"disconnect device”) for cutting off a current path when
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the pressure in the battery rises.

One conventional disconnect device for use in
secondary batteries will be described in detail below.
As shown in Figs. 1A and 1B of the accompanying drawings,
a conventional secondary battery has a disconnect device
disposed in an open end of outer casing 16. The
disconnect device comprises rupture disk 11 having
downward protrusion 1lla with a flat tip end and closing
the open end of outer casing 16, cap 10 electrically
connected to an upper surface of rupture disk 11 by ring
plate 12 and serving as an outer terminal of the battery,
weld plate 14 serving as an inner terminal of the battery
joined to the tip end of downward protrusion lla and
having vent holes 1l4a, and insulating gasket 13 sealing
the gap between rupture disk 11 and outer casing 16 and
holding rupture disk 11 and weld plate 14 in an
electrically insulated fashion, except for a space around
junction 15 between the weld plate and the rupture disk.

Insulating gasket 13 has a recess in which rupture
disk 11 and cap 10 are mounted, an opening defined
therein at the bottom of the recess, and a mount disposed
1n an inner peripheral surface of the opening and holding
weld plate 14}

Weld plate 14 and rupture disk 11 are not
electrically connected to each other except for junction

15.
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Outer casing 16 holds therein a coiled assembly of
an anode sheét, a cathode sheet, and a separator, and an
electrolytic solution.

Weld plate 14 is of a circular shape. Electrically
conductive tab 17 extending from the coiled assembly is
welded to weld plate 14.

In the secondary battery constructed as the above,
when the pressure in the battery rises, a stress is
applied to rupture disk 11 in a direction to displace
protrusion lla toward cap 10, with a tensile force
concentrated on junction 15 between weld plate 14 and
rupture disk 11. When the tensile force exceeds the
strength of junction 15, the tip end of protrusion 1la of
rupture disk 11 disengages from weld plate 14, and
protrusion lla is deformed toward cap 10. The electric
connection between the exterior and interior of the
battery is broken, stopping the generation of a gas 1in
the battery. As a result, the pressure in the battery is
prevented from increasing.

The disconnect device should be designed such that
when the pressure in the battery reaches a level tending
to break the battery itself, the rupture disk will be
peeled off, reliably cutting off the current path. The
rupture disk is not permitted to remain undetached when
the pressure in the battery reaches the level tending to

break the battery itself. The rupture disk is not
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permitted to be detached easlly due to shocks imposed
when the battery drops onto a hard object.

Therefore, the mechanical strength of the junction
bpetween the weld plate and the rupture disk is an

important factor for ensuring the desired reliability of

the battery, and needs to be controlled at a certain

value,

Japanese laid-open patent publication No.199106/1997

discloses a technique for reducing and stabilizing
variations of welding strength. The publication
describes that when a first plate (inner terminal plate
6) corresponding to a weld plate and a second plate
(explosion-resistant valve body 3) corresponding to a
rupture disk are welded, with an ultrasonic welding
process, at a flat surface of the tip end of a protrusion
of the first plate, variations of welding strength can be
reduced and stabilized by limiting the area of the flat
surface and the height of the protrusion which affect the
welding strength.

However, the above publication only discioses that
variations of welding strength can be reduced and
stabilized by welding with an ultrasonic welding process
joint surfaces whose area and shape are limited, but
fails to reveal how a junction interface should be to
control the peeling strength at a constant level.

When metal joint surfaces abut against each other
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and then the ultrasonic welding is performed, the area of
intimate contact of convexities of all minute concavities
and convexities on the metal joint surfaces increases,
and the joining between the metal joint surfaces
brogresses due to diffusion of atoms at the surfaces that
are held in intimate contact with each other.
Thereafter, the diffusion of atoms activates the metal
joint interface, eliminating voids to form molten metal
regions (hereinafter referred to as “nuggets”) in the
metal joint surfaces. When nuggets are formed by the
ultrasonic welding process, the peeling strength between
the metal joint surfaces becomes equivalent to the
material strength (shearing strength) of the regions
where the nuggets are formed. Even with the technique
disclosed in the above publication, when the diffusion of
atoms progreéses to the stage where nuggets are formed by
the ultrasonic welding process, the peeling strength of
the junction greatly depends on the material strength of
the regions where the nuggets are formed, and 1is
difficult to control merely by adjusting setting
conditions for the ultrasonic welding process.

The peeling strength of the junction increases in
proportion to the joined area. Therefore, when the
jJoined area (current passing area) is increased in order

to extract a large current from the secondary battery, if

the metal joint surfaces are jJoined to achieve the same
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Jolined strength as the material strength, then the peeling

o

strength of the junction is too large to cut off the current

path.

As shown 1n Figs. 1A and 1B, the electrically

> conductive tab extending from an electrode sheet is

connectec to the circular weld plate in the secondary

pattery. If forces are applied to the electrically

conductive tab when the secondary battery is assembled or

subjected to the vibrations or shocks, the weld plate 1s

10 liable to rotate in the joined surfaces. Since the weld

plate 1s joined only in the junction, it produces torsional

that the junction is unexpectedly peeled of:

SUMMARY OF TH.

L™

INVENTION

f‘

15 It 1s an object of embodiments of

—

forces in the junction. Therefore, there is

ﬁ

the problem in

the present

invention to provide a method of manufacturing a secondary

battery so as to achieve a current passing area for

extracting a large current from the secondary battery and

also to easily control, at a constant level,

the peeling

20 strength of a junction between a rupture disk and a weld

plate.

Another object of embodiments of the present

invention is to provide a secondary battery which has a

highly reliable disconnect device including a junction that

25 will not be detached when the secondary battery is assembled

or subjected to vibrations or shocks, except when the
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pressure in the battery becomes abnormally high.

As a result of the inventor’s study conducted to
achieve the above objects, it has been found that the
peeling strength of a junction can be controlled by only
setting conditions of, an ultrasonic welding machine if
the junction is produced by the diffusion of atoms in an
initial state. And the inventors have invented a shape
of joined surfaces in order to reduce and stabilize
variations in the peeling strength after each joining.
Furthermore, since the peeling strength of the junction
1s smaller than that of a completely diffusion-joined
junction, the inventors have invented a construction of a
disconnect assembly in order to prevent a rupture disk
from being easily peeled off when the secondary battery
1s assembled or subjected to vibrations or shocks.

According to the present invention, there is
provided a method of manufacturing a secondary battery
having a disconnect assembly for cutting off a current
path when a pressure in the battery is abnormal, disposed
in an open end of an outer casing, the disconnect
assembly including a rupture disk sealing the open end of
the outer casing, a cap electrically connected to a
portion of a surface of the rupture disk and serving as
an outer terminal of the battery, a weld plate joined to
a portion of another surface of the rupture disk and

serving as an inner terminal of the battery and having
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vent holes, and an insulating gasket sealing a gap
between the rupture disk and the outer casing and holding
the rupture disk and the weld plate in an electrically
insulated fashion, except for a space around a junction
between the weld plate and the rupture disk, the method
comprising the step of joining a portion of the rupture
disk and the weld plate with an ultrasonic welding
machine by finishing the diffusion of atoms at a junction
interface in an initial stage.

With the above method, the peeling strength of the
junction between the rupture disk and the weld plate is
less than the strength of Joined materials. Even if the
area of junction is increased to extract a large current

from the secondary battery, the junction achieved by the

excessively large peeling strength. 1In addition, the
junction achieved by the diffusion of atoms 1n the
initial stage can easily be produced under setting
conditions of the ultrasonic welding machine.

More preferably, in the above method one of the
rupture disk and the weld plate having a protrusion and
the other having a recess in which the protrusion is
fitted, joined surfaces of the rupture disk and the weld

plate are held in biting engagement with each other with

the protrusion and the recess, and a portion of the
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rupture disk and the weld plate are joined with an
ultrasonic welding machine by finishing the diffusion of
atoms at a junction interface in an init;al stage. The
protrusion may be a hemispherical, columnar, radial, or
striped protrusion. With this method, since the joined
surfaces have the protrusion and recess that are held in
biting engagement with each other, the.joined surfaces
can easily be positioned when they are joined. Because
the joined surfaces are held in biting engagement with
each other by concavities and convexities, the surface
area of contact is increased so as to be equal or greater
than the maximum projected area (area surrounded by the
outer periphery of the junction) of the Joined surfaces,
SO that variations in the occurrence of the i1nitial
diffusion-~joined region per unit area of the joints are
reduced. 1In this manner, variations in the peeling
strength of the joints are reduced and stabilized. 1In
addition, when a force tending to displace the joined
surfaces therealong is produced, the concavities and
convexities on the joined surfaces prevent the joined
surfaces from being displaced relatively to each other.
Consequently, the effect of the force applied along the
joined surfaces on the joined stage is lessened.

In the above method, adjusting the progress of the
diffusion of atoms in the initial stage 1s capable of

adjusting the peeling strength of the junction between



10

15

20

CA 02326856 2000-11-21

the rupture plate and the weld plate.

The initial stage comprises a stage where the area
Of diffusion-joined regions formed of nuggets 1s not in
excess of 50 % of joined surfaces.

The secondary battery manufactured by the above
method has means for preventing the weld plate from being
turned about the junction. Preferably, the secondary
battery further comprises means for preventing the weld
plate from swinging(rocking) about the junction. Since
both the above means prevent the weld plate from being
positionally displaced, stresses are not applied to the
junction when the secondary battery is assembled or
subjected to vibrations or shocks. Therefore, the
reliability of the secondary battery is increased.

If the insulating gasket has a recess in which the
rupture disk is mounted, an opening defined in a bottom
of the recess, and a mount disposed in an inner
peripheral sﬁrface of the opening for mounting the weld
plate therein, means for preventing a turn of the weld
plate and means for preventing a swing(rock) of the weld
plate may be the following structure.

For instance, means for preventing the weld plate

25

On an outer peripheral edge thereof, and the mount of the
insulating gasket may have a groove in which the tooth is

fitted. Alternatively, means for preventing the weld

~-10-
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plate from being turned about the junction may comprise the

H

weld plate which is of a polygonal shape, and the mount may

#

pe of a shape complementary to the polygonal shape of the

weld plate. Means for preventing the weld plate from

form of a groove gripping opposite surfaces of the weld

Also according to the present invention, there is

provided a method of manufacturing a secondary battery

ﬁF

10 having a disconnect assembly for cutting off a current path

when a pressure in the battery is abnormal, disposed in an

open end of an outer casing, said disconnect assembly

including a rupture disk sealing the open end of said outer

casing, a cap electrically connected to a portion of a

-

1> surface of said rupture disk and Serving as an outer

terminal of the battery, a weld plate joined to a portion of

e

- sald rupture disk and serving as an inner

another surface oj

-

terminal of the battery and having vent holes, and an

insulating gasket sealing a gap between said rupture disk

20 and said outer casing and holding said rupture disk and said

weld plate in an electrically insulated fashion, except for

4 space around a junction between said rupture disk and said

weld plate, one of said rupture disk and said weld plate

having a protrusion and the other naving a recess in which

25 sald protrusion is fitted, said method comprising the steps

—
e

orf: holding joined surfaces of said rupture disk and said

weld plate in biting engagement with each other with said

ﬁ

protrusion and said recess; and joining a portion of said

rupture disk and said weld plate with an ultrasonic welding

30 machine by finishing the diffusion of atoms at a junction

interface in a stage where an area of diffusion-joined

pr— pr—

regions formed of nuggets is not in excess of 50% of Jjolned

surfaces.
_ll_
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According to the present invention, there is

further provided a secondary battery having a disconnect

pr—

assembly for cutting off a current path when a pressure 1in

the battery is abnormal, disposed in an open end of an outer

casing, said disconnect assembly comprising a rupture disk

sealing the open end of said outer caslng, a cap

r—

eclectrically connected to a portion of a surface of said

e
—

rupture disk and serving as an outer terminal of the

pattery, a weld plate joined to a portion of another surface

r-

Of sald rupture disk and serving as an inner terminal of the

pattery and having vent holes, and an insulating gasket
sealing a gap between said rupture disk and said outer

casing and holding said rupture disk and said weld plate 1n

an electrically insulated fashion, except for a space around
a junction between said rupture disk and said weld plate,
wherein a portion of said rupture disk and said weld plate

y—

are so jolned that the diffusion of atoms at a junction

interface is in a stage where an area of diffusion-joined

ﬁ

regions formed of nuggets is not in excess of 50% of Jjolned

surfaces.

Accordling to the present invention, there is

further provided a secondary battery having a disconnect

assembly for cutting off a current path when a pressure in

the battery 1is abnormal, disposed in an open end of an outer

casing, said disconnect assembly comprislng a rupture disk

-

sealing the open end of said outer casing, a cap

'q r—

electrically connected to a portion of a surface of said

rupture disk and serving as an outer terminal of the

fh

pattery, a weld plate joined to a portion of another surface

f‘-

Of sald rupture disk and serving as an inner terminal of the

pattery and having vent holes, and an lnsulating gasket

closing a gap between said rupture disk and said outer

casing and holding said rupture disk and said weld plate 1n
- 1lla -
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y lnsulated fashion, except for

a space around

disk is mounted, an opening defined in a bottom of said

recess, and a mount disposed in an inner peripheral surface

of said opening

whereln a port

o

for mounting said weld plate therein,

1on of said rupture disk and said weld plate

r
.

are so joined that the diffusion of atoms at a junction

interface i1s in a stage where an area of di-

regions formed of nuggets is not in excess of

surfaces.

The above and other objects,

advantages of

— -~
Prosr

Y gp—

fusion-joined

00% of joined

features, and

embodiments of the present invention will

become apparent from the following description with

reference to the accompanying drawings which illustrate

examples of embodiments of the present invention.

F1qg.

elevational view of parts of a disconnect device of

conventional s

Fiqg.

assoclated parts, as seen from inside a pattery casing, of

BRIEEF DESCRIPTION OF TH.

L*]

DRAWINGS

1A 1s a fragmentary sectional side

gr—

econdary battery;

)

1B 1s a plan view of a weld plate and

1

the conventional secondary battery shown in Fig. 1A;

Fig.

fr—
—

2 1s a sectional side elevational view of a

=

disconnect device of a secondary pattery according to an

J—

embodiment of

Fig.

the present invention;

3A 1s a cross-sectional view oO-

f a joilnt

surface of a junction of the disconnect device shown in

Fig. 2, the view being taken along the jolnt surface;

- 11lb -
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Fig. 3B is a cross-sectional view taken along line

ITIB - IIIB of Fig. 3A;
Fig. 4A is a cross-sectional view of another joint
surface of a junction for the disconnect device shown in

Fig. 2, the view being taken along the joint surface;

Fig. 4B is a cross-sectional view taken along line

IVB - IVB of Fig. 4A:

Fig. 5 is a cross-sectional view of still another

joint surface of a junction for the disconnect device

shown in Fig. 2, the view being taken along the joint

surface:

Fig. 6 is a cross-sectional view of yet another

joint surface of a junction for the disconnect device

shown in Fig. 2, the view being taken along the joint

surface:

Fig. 7 is a plan view of a weld plate and associated
parts, as seen from inside a battery casing, of the

secondary battery shown in Fig. 2;
Fig. 8 is a plan view of another weld plate and
assocliated parts, as seen from inside a battery casing,

for the secondary battery shown in Fig. 2;

4

Fig. 9A is a view showing a microscopic photographic

initial stage; and

Fig. 9B is a view showing a microscopic photographic

~12-
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e

representation of a section of a junction where complete

di:

B

fusion joining is achieved.

EMBODIMENTS

[*1
-
(]

PR

[*]
1]

BERR]

L™

DETAILED DESCRIPTION OF TH.

As shown in Fig. 2, a secondary battery according
to an embodiment of the present invention has a disconnect
device comprising rupture disk 11 and weld plate 14 that are
Jolned to each other at junction 15. Rupture disk 11 and
weld plate 14 are joined to each other at junction 15

F'
P—

according to a process different from the conventional

secondary battery shown in Figs. 1A and 1B, and junction 15

P

has a shape different from the conventional secondary

pattery shown in Figs. 1A and 1B.

ﬁ

A process of joining rupture disk 11 and weld

plate 14 to each other at junction 15 according to an

ﬁ

embodlment of the present invention will be described below.

- -

As shown 1n Fig. 2, a tip end surface of protrusion lla of

rupture disk 11 and weld plate 14 are joined to each other

— -

at jJunction 15 where the diffusion of atoms at a junction

pr—
—

interface 1s in an initial stage. Protrusion 1la of rupture

disk 11 and weld plate 14 are joined to each other by an

ordinary ultrasonic welding machine. Rupture disk 11 and

#

weld plate 14 are made of aluminum, for example, but may be

made of any nonferrous metal.

As shown 1in Fig. 9A, in junction 15 achieved by

o~

initial diffusion, the diffusion of atoms at the junction
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interface is in the initial stage (This is a stage in
which the area of diffusion-joined regions formed of
nuggets should be 50 % at most, or more preferably 10 %
or less, of the joined surfaces.). Though the ultrasonic
welding machine is employed, the joining process is
finished before the progress of the diffusion of atoms at
the junction interface enters a latter stage (This is a

stage that the area of diffusion-joined regions formed of

performed by the ultrasonic welding machine entered the
latter stage, the joined materials would firmly joined to

each other by nuggets that occupy half or more of the

Joined surfaces. Then, the peeling strength would become

equivalent to the material strength of the region where
the nuggets are formed, and the total area of the region
where the nuggets are formed would be adjusted under

ultrasonic welding conditions to control the peeling

strength. However, merely adjusting setting conditions

vibrations, the amount of energy of ultrasonic

vibrations, etc.) for ultrasonic welding would cause an

accuracy problem in controlling the peeling strength of

the welded region where the welding is finished in

~14-
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several milliseconds units because of the high rate at
which the formation of nuggets progresses. In the
present embodiment, the tip end surface of protrusion 1lla
of rupture disk 11 and weld plate 14 are joined to each
other at a joining state that the progress of the
diffusion of atoms at the junction interface is finished
in the initial stage by the ultrasonic welding machine.
In this manner, the peeling strength of rupture disk 11
and weld plate 14 can be smaller than the joining
strength achieved by the ultrasonic welding, according to
which the material strength of the regions where the
nuggets are formed is equal to the peeling strength.
Therefore, insofar as the junction is in the initial
diffusion state, it is possible to increase the joined
area in order to extract a large current from the
Ssecondary battery. Moreover, since the ultrasonic
welding machine, which is generally said as being usable
owing to easiness in setting joining conditions, is used
to carry out a diffusion Joining, the junction of the
initial diffusion state can easlily be realized.

The shape of junction 15 will be described below.
As shown in Fig. 2, in junction 15 between rupture disk
11 and weld plate 14, the joined surfaces are held in
biting engagement with each other by concavities and
convexities. Examples of the shape of the joined

surfaces are shown in Figs. 3A, 3B, 4A, 4B, S, and 6. In

~15-~
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the example shown in Figs. 3A, 3B, the joined surfaces

are held in biting engagement with each other by

hemispherical protrusions 18 and complementary recesses.

In the example shown in Figs. 4A, 4B, the joined surfaces

are held in biting engagement with each other by columnar

protrusions 19 and complementary recesses. 1In Figs. 5

and 6, one of the joined surfaces may have radial

protrusions 20 or striped protrusions 21, and the other

Joined surface may have recesses receiving those radial

Cross section as shown in Fig. 3B or 4B. In the example

shown in Fig. 6, when the Joined surfaces are joined,

ultrasonic vibrations should preferably be applied in a

direction perpendicular to the direction in which the

striped protrusions 21 are formed. Such a direction in

which ultrasonic vibrations are applied is advantageous

in that stresses developed by the ultrasonic vibrations

activate the metal surfaces to diffuse atoms well at the

joint interface.

~16-
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where the joined surfaces are intimately held against
each other at an interatomic distance. The occurrence of
the region where the Joined surfaces are intimately held
against each other varies for each jJoining because the
minute concavities and convexities on the metal surfaces
are not uniform. Since the proportion of the area of the
diffusion-joined region in the joined surfaces is not
constant even under the same joining conditions, it is
éxpected that the peeling strength slightly varies for

each joining. In the present embodiment, therefore, the

Joined surfaces are held in biting engagement with each
other by concavities and convexities whose shapes are

shown in Figs. 3A, 3B, 4A, 4B, 5, and 6, thereby

Or greater than the maximum projected area of the joined
surfaces, so that variations in the occurrence of the
initial diffusion-joined region per unit area in each
joining are reduced. 1In this manner, variations in the
peeling strength after each joining are reduced, allowing
the current to be cut off reliably when the pressure in
the battery reaches a predetermined abnormal level.
Moreover, since the joined members are held in
biting engagement with each other by concavities and
convexities, the joined members can easily be positioned

when they are joined. 1In addition, when a force applied

in a direction other than the peeling direction, e.g., a

~17-
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force tending to displace the joined members along the
joined surfaces, is produced, the concavities and
convexities on the joined surfaces prevent the joined
surfaces from being displaced relatively to each other.

Consequently, the effect of the force applied in a

In the present embodiment, as shown in Fig. 2, weld
plate 14 mounted in the central opening in the recessed

bottom of insulating gasket 13 is of such a shape that

gasket 13. For eéxample, as shown in Fig. /7, weld plate
14 has outer peripheral edge 14b with projection 1l4c
thereon, and insulating gasket 13 has an opening 13b for
mounting weld plate 14, with grooves l3a in which
projection l4c are fitted. Alternatively, as shown in
Fi1g.8, weld plate 14 is of a polygonal shape, and
insulating gasket 13 has an opening 13b for mounting weld
plate 14, of a shape complementary to the polygonal shape
of weld plate 14. With their structure, even if forces

are applied to electrically conductive tab 17 when the

secondary battery is assembled or subjected to vibrations

or shocks, weld plate 14 is prevented from being turned

about junction 15. In addition, as shown in Figs. 2, 7,

and 8, a groove 13¢ for gripping outer peripheral edge

l4b on opposite surfaces of weld plate 14 is defined in

~18~
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an inner peripheral surface of opening 13b for mounting
weld plate 14 in insulating gasket 13. This snap-fitting
Structure prevents weld plate 14 from swinging(rocking)

about junction 15. By combining the above structures, no

junction 15 is not peeled off except when the pressure in

the battery becomes abnormally high, the secondary

10 battery is highly reliable.
While preferred embodiments of the present invention
have been described using specific terms, such

description is for illustrative purposes only, and it is

to be understood that changes and variations may be made

15 without departing from the spirit or scope of the

following claims.
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ﬁ

1. A method of manufacturing a secondary battery

having a di
when a pres
open end of
including a
casing, a c

’-

surface of

terminal of

another sur

—

terminal of

1nsulating
and said ou
weld plate
a space aro

weld plate,

]
weld plate

the diffusi
where an ar

1S not 1in e

Z . A
the step of

3. A
having a di

when a pres

open end of
including a

casing, a c

H)

—
e

sconnect assembly for cutting off a current path

sure 1n the battery is abnormal, disposed in an

an outer casing, sald disconnect assembly

pr

rupture disk sealing the open end of said outer

yre—
p—

ap electrically connected to a portion of a

sald rupture disk and serving as an outer

)

the battery, a weld plate joined to a portion of

yr—

face of said rupture disk and serving as an inner

Che battery and having vent holes, and an
gasket sealing a gap between said rupture disk

ter casing and holding said rupture disk and said

1n an electrically insulated fashion, except for

und a junction between said rupture disk and said

sald method comprising the step of:

olning a portion of said rupture disk and said

with an ultrasonic welding machine by finishing

on of atoms at a junction interface in a stage

ﬁ

ca of diffusion-joined regions formed of nuggets

xcess of 50% of joined surfaces.

method according to claim 1, further comprising

adjusting the progress of the diffusion of atoms

method of manufacturing a secondary pattery

sconnect assembly for cutting off a current path
sure 1n the battery is abnormal, disposed in an
an outer casing, saild disconnect assembly

rupture disk sealing the open end of said outer

—
—

ap electrically connected to a portion of a

.._.20....
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pp—

surface of said rupture disk and serving as an outer

r—

terminal of the battery, a weld plate joined to a portion of

‘)

fﬁ

another surface of said rupture disk and Serving as an inner

terminal of the battery and having vent holes, and an
insulating gasket sealing a gap between said rupture disk

and saild outer casing and holding said rupture disk and said

weld plate 1in an electrically insulated fashion, except for

a4 space around a junction between said rupture disk and said

—

weld plate, one of said rupture disk and said weld plate

having a protrusion and the other having a recess in which

sald protrusion is fitted, said method comprising the steps

'-v
p—

OL .

nolding joined surfaces of said rupture disk and

sald weld plate in biting engagement with each other with

sald protrusion and said recess:; and

—

Jjolning a portion of said rupture disk and said

weld plate with an ultrasonic welding machine by finishing

the diffusion of atoms at a junction interface in a stage

- =

where an area of diffusion-joined regions formed of nuggets

1s not in excess of 50% of joined surfaces.

4, A method according to claim 3, further comprising

— —

the step of adjusting the progress of the diffusion of atoms

A

1n said stage thereby to adjust a peeling strength at the

junction between said rupture disk and said weld plate.

5. A secondary battery having a disconnect assembly

S e
P

for cutting off a current path when a pressure 1n the

—

pattery is abnormal, disposed in an open end of an outer

casing, saild disconnect assembly comprising a rupture disk

-

seallng the open end of said outer casing, a cap

—
o ol

electrically connected to a portion of a surface of said

rupture disk and serving as an outer terminal of the

_21_
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pattery, a weld plate joined to a portion of another surface

(

0f said rupture disk and serving as an inner terminal of the

pattery and having vent holes, and an 1nsulating gasket
sealing a gap between said rupture disk and said outer

casing and holding said rupture disk and said weld plate in

an electrically insulated fashion, except for a space around

a junction between said rupture disk and said weld plate,

#

whereln a portion of said rupture disk and said weld plate

C p—

are so jolned that the diffusion of atoms at a junction

ﬁ

interface is in a stage where an area of di-

ﬁ-
—

fusion-joined

regions formed of nuggets is not in excess of 50% of jolned

surfaces,

6. A secondary battery according to claim 5, wherein

Jjoilned surfaces of the junction between said rupture disk

other by concavities and convexities.

7. A secondary battery according to claim 6, further

comprising means for preventing said weld plate from pbeing

turned about said junction.

3 . A secondary battery according to claim 6 or 7,

further comprising means for preventing said weld plate from

swingling and rocking about said junction.

9. A secondary battery having a disconnect assembly

F.P

for cutting off a current path when a pressure 1n the

pattery 1s abnormal, disposed in an open end of an outer

casing, said disconnect assembly comprising a rupture disk

—

sealing the open end of said outer casing, a cap

e
o

electrically connected to a portion of a surface of said

ﬁ

rupture disk and serving as an outer terminal of the

—

pattery, a weld plate joined to a portion of another surface

F i

of said rupture disk and serving as an inner terminal of the

— ) —

"
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pattery and having vent holes, and an insulating gasket
closing a gap between said rupture disk and said outer

casing and holding said rupture disk and said weld plate in

an electrically insulated fashion, except for a space around

dlisk 1s mounted, an opening defined in a bottom of said

recess, and a mount disposed in an inner peripheral surface

r-v

OL saild opening for mounting said weld plate therein,

P

whereln a portion of said rupture disk and said weld plate

pr— -

are so jolned that the diffusion of atoms at a junction

interface is in a stage where an area of diffusion-joined

—

regions formed of nuggets is not in excess of 502 of jolned

surfaces.

10. A secondary battery according to claim 9, wherein

Joined surfaces of the junction between said rupture disk
and said weld plate are held in Piting engagement with each

other by concavities and convexities.

11. A secondary battery according to claim 10, wherein

.

one of joined surfaces of said rupture disk and said weld

plate has a hemispherical, columnar, radial, or striped

protrusion, and the other has a recess in which said

protrusion is fitted.

groove 1n which said projection is fitted.

13. A secondary battery according to claim 14, wherein

sald weld plate is of a polygonal shape, and said mount is

—~ —

Of a shape complementary to said polygonal shape of the weld

Dlate.
- 73 -
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14. A secondary battery according to claim 12 or 13,

wherein said mount comprises a groove Jrilpplng opposite

—

surface of said weld plate.

SMART & BIGGAR

OTTAWA, CANADA

PATENT AGENTS




CA 02326856 2000-11-21

Fig. 1A (Prior Art)
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Fig. 2
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Fig. 8
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