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The dissemination of and advances in various portab!e electronic
equipment, such as note-book computers and video cameras, has been
accompanied by heightened demand for higher performance batteries as drive -
sources for these, with attention being focused particularly on lithium batteries
and lithium ion secondary batteries. As lithium batteries and lithium ion
secondary batteries have high voltages, their energy denslty is also high,
contributing significantly to the down-sizing and reduction in weight of portab!e
electronic equipment.

Further move towards smaller, lighter and more sophisticated portable
electronic equipment, however, has given rise to even stronger demands for
high performance batteries, and in turn a need to boost energy density, even in
htl}(um batteries and fithium ion secondary batteries, as well as reliability and
safety.

To increase energy density a method was proposed which used a
metallic casing with outside diameter larger than the outside diameter of thé
metallic casing in the finished battery, and increased the diameter of the battery
element housed inside the metallic casing to boost capacity (JP-A-6-215792).

In this method a metallic casing is used which has larger outside diameter (B)
than the outside diameter (A) of the metallic casing in the finished battery, and
after housing the battery element in the said metallic casing the outside
diameter of the metallic casing is squeezed down to the outside diameters (A)
of the metallic casing in the finished battery (herein the squeezing of the outside
diameter of the metallic casing will be referred to as “Swaging®, the machine
which squeezes the outside diameter of the metallic casing as a “Swager”, and
the method of making a cylindrical battery in which the outside diameter of the -
metallic casing is squeezed, is called “Swage Method").

The use in the Swage Method of a metallic casing with outside diameter
larger than those of the outside diameter of the metallic casing in the finished
battery allows the diameter of the battery element that is housed in the metallic
casing to be enlarged to boost capacity. As is shown in FIG. 2 (b), however, a
problem arises in the Swaging process in which the bottom of the metatlic
casing bulges, causing the external appearance to differ from that of
conventional batteries (flat bottom). The bulging of the metallic casing bottom is
something that is seen in conventional batteries when a defect in the battery has
occurred leading to a rise in the battery's internal pressure, while normal
batteries have a flat bottom. As batteries with bulged bottom tend to be deemed

defective, and this is undesirable, the Swage Method has not yet been put to
practicalt use. = ————
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hi gh performance batteries, and in turn a need to boost energy density,
even in lithiumbatteries and lithiumion secondary batteries, as well as
reliability and safety. To increase energy density a nethod was proposed
whi ch used a netallic casing with outside dianmeter |arger than the outside
dianeter of the netallic casing in the finished battery, and increased the
diameter of the battery el enent. housed inside the netallic casing to boost
capacity (JP-A-6-215792). In this nethod a netallic casing.is used which
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increase the area of electrodes. To increase electrode area of strip-shaped
electrodes it is necessary to reduce the thickness of electrodes, with metallic foil
generally being used as current collectors. That is to say, in prior art, strip-
shaped negative electrode (1) and positive electrode (2), the thicknesses of
which have been reduced, are separated by separator (3), and rolled up to form
coiled battery element (20), as shown in FIG. 13, with said battery element being
housed in cylindrical metallic casing (4), the opening of which has a lid (7)
affixed to it via a gasket (8) and is sealed to make a non-aqueous cylindrical
batteries, as shown in FIG. 14 (b).
In caonventional non-aqueous cylindrical batteries in which the battery
~ element is coiled, either the positive electrode lead or negative electrode lead
taken from the battery element is spot welded to the bottom of the metallic
casing to obtain the electric conduction between the electrode and the metallic
casing. In this case, the spot welder's rod-shaped electrode is inserted into the
small hole formed in the centre of the coiled battery element when winding is
conducted, and the electrode lead welded to the bottom of the metallic casing.
Under this method there is just one welding site, welding defects are frequent,
and it is not possible to confirm whether the welding is sufficient or not, leading
to the problem in conventional non-aqueous cylindrical battery of cases where
the battery does not function due to improper electric conduction between the
‘metallic casing and the electrode.

In conventional aqueous electrolyte-type nickel-cadmium batteries and
nickel-metal hydride batteries also, the battery element is coiled, but a method
is used in which the coiled electrode element is made by positioning the end of
the negative electrode or the outermost periphery of the coifed electrode
element and housing it in a cylindrical metallic casing to allow the
aforementioned end of negative electrode positioned on the outermost
periphery of the electrode element to come into contact with the internal wall of
the metallic casing, enabling the electric conduction between the cathode and
the metallic casing. As alkaline electrolyte (for example, 30% KOH aqueous
solution) have good conductivity, there is no need for unreasonable increases of
electrode area, and relatively thick electrodes can be used, giving the electrodes
a certain degree of resiliency. Accordingly, at the point in time when the
electrode element is housed in the metallic casing the coiled electrode element
has coil return due to the resiliency of the electrodes, giving enough contact
strength for the electric conduction between the electrode terminal and the
internal wall of the metallic casing.
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| arger than those of the outside diameter of the netallic casing in the
finished battery allows the dianmeter of the battery elenment that is housed
in the netallic casing to be enlarged to boost capacity. As is shown in
FIG 2 (b), however, a problemarises in the Swaging process in which the
bottom of the netallic casing bul ges, causing the external appearance to
differ fromthat of conventional batteries 8flat bottom. The bul gi ng of
the nmetallic casing bottomis sonething that is seen in conventional
batteries when a defect in the battery has occurred leading to a rise in
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atteries (lithium batteries and lithium ton secondary batterie ch use non-
aqueous electrolyte (organic electrolyte) the conductivity of the electrolyte is no
more than 1/50 of alkaline electrolyte, meaning that fo create a non-aqueous
battery from which a large current can be obtained it is necessary to increase
the electrode area immensely, necessitating an extremely thin electrode (100 -
200 microns). For this reason it is preferable to use metallic foil of no more than
0.02 mm in thickness as current collectors for these electrodes. Electrodes
which have metallic foit of no more than 0.03 mm in thickness as the current
collector have extremely little resiliency, however, insufficient to provide enough
return strength to allow electric conduction between the end of electrode and
metallic casing. Accordingly, the only method adopted for obtaining the elecfric
conduction between the electrode and metallic casing in convenfional non-
aqueous cylindrical batteries is to spot weld the electrode lead taken from the
electrode element to the bottom of the metallic casing as mentioned previously.

In cases where the electric conduction befween the electrode and the
metallic casing is obtained by spot welding the electrode fo the metallic casing
bottom, sufficient welding cannot be performed if the electrode lead is wet. As
such the battery element had to first be put into the metallic casing and the
electrode lead spot welded to the bottom of the metallic casing before the
electrolyte could be impregnated into the battery element. [f the necessary
quantity of electrolyte is injected at one time with the battery element already
inside the metallic casing it would overflow from the metallic casing, meaning
that only a small amount could be injected at one time. [n the actual production
process, therefore, a considerable amount of time is allowed for the
impregnating of the electrolyte, with a fittie electrolyte being injected each of
three to five times, with a vacuum being created for each injection. The
electrolyte injection process is a significant barrier in terms of actual mass
production. o

Additionally, there is a problem with maintaining safety with conventional
batteries in which the battery element is coiled. Because large currents can be
obtained from coiled battery elements, an accidental extemnal short circuit would
result in the flow of an extremely large short circuit current. In such cases all
currents which are generated at all electrodes would pass through the electrode
leads, with the heating of the electrode leads being a safety problem. There are
cases, particularly with non-aqueous batteries (lithium batteries and lithium ion
secondary batteries) which use combustible organic electrolyte, in which the
electrode leads overheat and become the source of ignition, causing the battery
to catch fire.

Accordingly, the reduction of electrode lead resistance is of great
importance, not only in reducing the internal resistance of batteries, but also in
respect of safety measures in that reduce overheating of electrode leads when
large currents are flowing through them.
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sources for such equi pment, non-aqueous batteries are also required to
generate large currents. To create batteries fromwhich |arge currents can
be obtained, the internal resistance of the battery nust be reduced as nuch
as possible. Methods for reducing the internal resistance of batteries
includes: 1) increasing electrode area, and; 2) reducing the resi stance of
el ectrode leads. In prior art the use of stﬂlp shaped el ectrodes has been
adopted to increase the area of electrodes. To increase el ectrode area of
strip-shaped el ectrodes it is necessary to reduce the thickness of

el ectrodes, wit Asshown i FIGi14 (h)nin edohventiona) cytindrical batterieathe aegativer s.
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batteries eleciirderead should be,i ncreased and the length of the ele e lea
shortened but, as shown in FIGs. 13 and 14, due to the way the electrode leads
are brought out, the way they are welded to the mefallic casing and lid, and
welding conditions, in conventional cylindrical batteries the electrode leads are
normally limited to a thin metallic plate the width and thickness of which are
normally 4 - 6 mm and 0.04 - 0.1 mm respectively, and which needs to be
reasonably long. That is to say, if the electrode lead is nof narrow in width, it
would not be possible fo bring the lead out of the coil as shown in FIG. 13 (a),
and if it is too thick proper welding will be difficult. Furthermore, as is shown in
FIG. 14, lead (6) is made sufficiently fong to allow fitting of lid (7) on the inside of
gasket (8), and as lead (5) welded to the center of the bottom of metallic casing
(4) dtilising the hole in the centre of the coiled batfery element, lead (5) must be
long enough to reach an appropriate welding point. In-this conventional battery,
therefore, it is not possible to sufficiently reduce the resistance value of the
electrade lead, leaving an element of uncertainty as to safety in the event of an
external short.

One problem that this invention seeks to solve is to realise the
manufacture of cylindrical batteries with a Swage Method which produces
batteries with a flat bottom, and provide a battery with high energy density.
Another problem the invention seeks to address in non-aqueous cylindrical
batteries which have battery elements made from coiled, strip-shaped
electrodes that have metallic foil of no more than 0.03 mm in thickness as
current collectors, is the reduction in defective batteries due to the poor electric
conduction between the metallic casing and electrode lead, and the
improvement of safety in the event of external shorts of said cylindrical batteries.

A method of solving the first problem is to have the external dimensions
of the metallic casing used when making a battery in which the outside diameter
of the metallic casing in the finished battery is A, satisfy the relationship L2 > A 2
L3. Here L2 is the outside diameter of the central part of the metallic casing,
and L3 is the “outside diameter of the casing bottom".

Resolving the second problem entails separating with a separator a
strip-shaped positive electrode and negative electrode, which have metallic foil
of no more than 0.03 mm in thickness as a current collector, and winding them
up into a jelly roll to make a battery element, the coiling of which is finished so
that the end of electrode or electrode current collector of the negative electrode
or positive electrode is positioned on the outermost periphery of said. battery
element, and housing the said battery element in a cylindrical metallic casing,
after which the outside diameter of the said cylindrical metallic casing is
reduced to strengthen the contact between the end of electrode or electrode
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elenent is coiled, either the positive electrode | ead or negative el ectrode
| ead taken fromthe battery elenent is spot welded to the bottom of the-
nmetallic casing to obtain the electric conduction between the el ectrode and
the nmetallic casing. In this case, the spot welder's rod-shaped el ectrode
Is inserted into the small hole forned in the centre of the coiled battery
el ement when w nding is conducted, and the @ ectrode | ead wel ded to the
bottom of the netallic casing. Under this nethod thefe is just one wel ding
site, welding defects are frequent, and it is not possible to confirm
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negati ve eseutionoafted8wagiryeMetallicheasimgs ugedtin this invention are characterised
in that they have casing walls perpendicular to the casing bottom, except in the
vicinity of the casing bottom where the casing wall slanfs toward the casing
bottom, resulting in two bends: in the joining of the casing wall and casing
bottom. As shown in the detailed diagram, in FIG. 1 (a) the joining of casing
-wall (12) and casing bottom (11) is accomplished with two bends represented
by R, and R,, thus making it possible to make the “outside diameter of the
casing boftom” (L3) sufficiently small in comparison to the outside diameter (L2)
of the central part of the metallic casing. More specifically, the characteristic of
the metallic casing prior to the Swaging used in this invention is that the outside
diameter of the metallic casing (L2 = B) is larger than the outside diameter of
the metallic casing in the finished battery (L2 = A), (B > A), and the “outside -
diameter of the casing bottom” (L3 = C) is no larger than the outside diameter of
the metallic casing in the finished battery (L2 = A), (A = C). Therefore, if the
metallic casing has the aforementioned dimensional rela’aonshlp (l2>A=L3)
prior to Swaging, there will be no change in the “outside diameter of the casing
bottom" after Swaging, as shown in FIG. 1 (b), and thus there will be no bulging
of the metallic casing boftom during the Swaging process.

In the second proposed invention there is no need for an electrode lead
in at least one of either the negative electrode or the positive electrode in the
coiled battery element (20) as shown in FIG. 9. That is, electrodes used in this
invention are a strip-shaped electrode to which an electrode lead is not attached -
as shown in FIG. 8 (a), and a strip-shaped electrode to which electrode lead (6)
is attached as shown in FIG. 8 (b). These are made by inserting a separator
and winding into a coil shape, then as shown in FIG. 9, completing the winding

. so that the end of electrode or electrode current collector (31) of strip-shaped
electrode (1) to which an electrode lead is not attached, is positioned at the
outermost periphery rather than the separator (3). Electrode lead (6) taken from
one of the electrodes of the said battery element is welded to lid (7; normally
also functions to prevent explosions) appropriately installed inside gasket (8),
as shown in FIG. 10 (a). Following this, the said battery element is impregnated
electrolyte, the battery element housed in cylindrical metallic casing (4) the
outside diameter (L2) of which is B, as shown in FIG. 11 (a), and the outside
diameter (L.2) of said cylindrical metallic casing reduced to A, (B > A), as shown

in FIG. 11 (c), causing the end of electrode or electrode current collector

positioned on the outermost periphery of the aforementioned battery element

and the inside of the aforementioned metallic casing to be in very close contact

over a broad area. Even with electrodes with poor resiliency that have metallic

Sheet Has Been laced

A




peri phery of the electrode elenent to cone into contact with the interna
wall of the netallic casing, enabling the electric conduction between the
cathode and the netallic casing. As alkaline electrolyte (for exanple, 30%
KCH aqueous sol ution) have good conductivity, there is no need for

unr easonabl e i ncreases of electrode area, and relatively thick el ectrodes
can be used, .giving the electrodes a certai @& degree of resiliency.
Accordingly, at the point in tinme when the el ectrode elenent is housed in
the netallic casing the coiled el ectrode elenent has coi return due to the
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In cases where the active substance layer on the metalllc fo:l current

collector does not have sufficient conductivity also, with end of electrode
positioned at the outermost periphery, if, as shown in FIG. 8 (a), there is an
active substance Iayer (32) on just one side of current collector (31), electrode
current collector (31 ) is positioned on the outermost periphery as shown in the
enlarged sectional view of FIG. 9 (b) so the said current collector is in close
contact with the inside of the metallic casing, allowing for sufficient electric
conduction between the electrode and the metallic casing. Naturally when the
active substance layer has sufficient conductivity, with end of electrode
positioned at the outermost periphery, even when there is an active substance
layer on both sides of the current collector, the active substance layer at the
outermost periphery will be in close contact with the inside of the metallic
casing, enablmg sufficient-electric conduction between the electrode and the
metallic casing.

A machine marketed under the name Swager may be used to squeeze
the outside diameter of the metallic casing. FIG. 15 shows the principle
diagram for this machine. Held in die holder (23) and positioned in the centre is
die (22) which has a hole (21) of ¢X in diameter in the centre, and divided into
two in the centre, to the outside of which are attached several rollers (24) (FIG.
15 shows eight rollers). When die (22), which is split in two, rotates in the
direction of the arrow together with die holder (23), it comes into contact with a
rofler (24) every 45° of rotation, die (22) is tightened to the inside and the central
gap in the split die (22) becomes smaller. Further fotation away from the rollers
(24) results in the central gap widening. This means that die (22) split in two,
approaches and withdraws, causing the diameter ¢X of the hole in the centre of
the die to increase and decrease in size. Inserting a cylindrical object into hole
(21) in the centre of die (22), which rotates, will squeeze the outside diameter of
the object when the die (22), split into two, approaches (that is because it is
tightened when diameter ¢X of the hole in the centre of the die becomes
smaller).

Use of the Swager allows the cylindrical battery of this invention to be
made by squeezing the outside diameter of the metallic casing. FIG. 16 (a)
shows a vertical cross-section of the central part of the Swager’s rotating die
(22). The left and right die approach and withdraw as shown by the arrows. As
shown in FIG. 16 (b), by inserting metallic casing (4) into the centre of the hole in
the centre of rotating die (22), the outside diameter of the metallic casing can be
squeezed to the outside diameter of the metallic casing in the finished battery.

The examples presented below will provide detailed explanations of the

aforementioned two inventions. I
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. electrode and the netallic casing. In conventional non-aqueous cylindrical
batteries (lithiumbatteries and lithiumion secondary batteries) which use
non- aqueous el ectrolyte (organic electrolyte) the conductivity of the

el ectrolyte is no nore than 1150 of al kaline electrolyte, neaning that to
create a non-aqueous battery fromwhich a |large current can be obtained it
is necessary to increase the el ectrode area mensely, necessitating an
extrenely thin electrode (100 - 200 microns). For this reason it is
~preferable to use netallic foil of no nore than 0.03 nmin thickness as
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FIG.9 shows replication of coiled battery element.

FIG.10 shows cross-section of coiled battery element.

FIG.11 shows cross-section of battery in sealing process.

FI1G.12 shows cross-section of battery in sealing process.

FIG.13 shows cross-section of conventional coiled battery element .

FI1G.14 shows cross-section of battery in conventlonal sealing process.

F1G.15 shows principle FIG. of Swager

FIG.16 shows principle FIG. of Swaging

1 Negative electrode 2 Positive electrode

3 Separator 4 Metallic casing

5 Negative electrode lead 6 Positive electrode lead
7 Sealing cap 8 Gasket

9 Central welding point of cap 10 = Positive external terminal
11 Casing bottom 12 Casing wall

15 PTC element 20 Battery element

21 Die hole 22 Die

23  Die holder 24 Roller

31 Current collector 32 Active substance layer
40  Aluminium rod 41 Hole in centre of coil
42 Striations

Example 1

The specific battery manufacturing procedures for the first invention will
be explained with reference to FiGs. 1,3 and 4. The battery element for the
implementation of this invention is prepared in the following manner.

First the negative electrode is prepared under the publicly known
conventional method as follows. Combine 87 parts by weight of mesocarbon
micro beads (doe = 3.37A) which have been heat treated at 2800°C with 3 parts
by weight of acetylene black and wet blend with 10 parts by weight of
polyvinylidene fluoride (PVDF) as a binding agent and N-methly-2-pyrrolidone as
solvent to make a wet slurry. Next, apply the slurry evenly to both surfaces of the
copper foil of 0.01 mm in thickness which is to be the negative electrode current

- collector, and once it has dried, conduct pressurised casting with a roll press to
form a strip-shaped negative electrode. Have part of the current collector
exposed at one edge of the strip-shaped negative electrode and onto it weld a
nickel negative electrode lead.
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bottom sufficient welding cannot be perforned if the electrode lead is
wet. As such the battery elenent had to first be put into the netallic
casing and the electrode | ead spot welded to the bottomof the nmetallic
casing before the electrolyte could be inpregnated into the battery
element. If the necessary quantity of electrolyte is injected at one tine
with the battery element already inside thegretallic casing it would
overflow fromthe netallic casing, neaning that only a snall . anount could
be injected at one tine. In the actual production process, therefore
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into which 4 parts by we(ght of PVDF has been dissolved as a binding agent, to
form a sluny Next, apply the slurry evenly to both surfaces of the aluminium foil
of 0.02 mm in thickness which is to be the positive electrode current coliector,
and once it has dried, conduct pressurised .casting with a roll press to form a
strip-shaped positive electrode. Have part of the aluminium exposed at one
edge of the strip-shape positive electrode and onto it weld an aluminium
positive electrode lead.

Insert a porous, polypropylene separator between the prepared negative
and positive electrodes and roll up to create a battery element (20) with an
average outside diameter of 17.4 mm. Then battery element (20) is housed in
metallic casing (4), a shown in FIG. 3 (g). This embodiment seeks to make a
battery in which the outside diameter (L2) of the metallic casing in the finished
battery is 18.0 mm, while the metallic casing used is a nickel-plated iron casing
with an outside diameter at the opening (L1) and outside diameter at the centre
part (L2) of 18.6 mm, “outside diameter of the casing bottom” (L3) of 17.5 mm,
and a height of 65 mm. The bottom of the said metallic casing is shown in the
detailed diagram of FIG. 1(a). The FIG. 1(a) shows that it has two bends
represented by R, and R, at the join of casing wall (12) and casing bottom (11),
making it possible to make the “outside diameter of the casing bottom” (L3)
sufficiently small in comparison to the outside diameter of the centre part of the
metallic casing (L2). That is, the characteristic of the metallic casing prior to the
Swaging used in this embodiment is that the outside diameter of the metallic
casing (L2 = B = 18.5 mm) is larger than the outside diameter of the metallic
casing in the finished battery (L2 = A = 18.0 mm), (B >A), and the “outside
diameter of the casing bottom” of the metallic casing (L3 = C = 17.5 mm) is no
more than the outside diameter of the metallic casing in the finished battery (L2
=A=18.0mm), (A2C).

On the other hand, the outside diameter of the battery element is 17.4
mm, and the inside diameter of the aforementioned metallic casing 17.9 mm,
making the outside diameter of the battery element 0.5 mm smaller than the
inside diameter of the casing, and allowing easy insertion of the battery element
into the metallic casing. Swaging is conducted after battery element (20) is
housed in metallic casing (4), and the outside diameter of the metallic casing
(except the area around the casing opening) reduced to 18.0 mm, as shown in
FIG. 3 (b). As the “outside diameter of the casing bottom" (L3) of the metallic
casing remains unchanged at 17.5 mm even after Swaging, as shown in the
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| eads, with the heating of the electrode | eads being a safety problem
There are cases, particularly with non-aqueous batteries (lithjumbatteries
and lithiumion secondary batteries) which use conbustible organic

el ectrolyte, in which the el ectrode | eads overheat and becone the source of
ignition, causing the battery to catch fire.@Accordingly, the reduction of
el ectrode | ead resistance is of great i nportance, not only in reducing the
i nternal resistance of batteries, but also in respect of safety neasures in

hrough 1 ﬁgﬁﬁg Mfﬁwyﬁﬁ?ﬁﬁ%s@oﬁﬁgﬁﬁﬂﬁ%ﬁ% és fidk N9
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battery co Hottom {pean e metafie casing 99?“

negative (&) 864 stnaaqnse(@)ttomportﬁbame@ sreafed: Hftex this the process in
FIG 4 (a) to (c) are followed to assemble the battery. That is, gasket (8) is
installed in the opening of the metallic casing, and the negative lead and
positive lead welded to the casing boftom and aluminium sealing lid (7; also
acts as an explosion-proof vaive), respectively, as shown in FIG. 4 (a). Next,
electrolyte is injected, sealing fid (7) fitted to the gasket, doughnut-shaped PTC
element (15) laid on top of and in contact with the sealing lid, positive external
terminal (10) laid on fop, and the Swaqer used once again to squesze the
outside diameter of the metallic casing opening (L1) ta the same size as the
outside diameter of the central part of the mefallic ¢asing (L2) (FIG. 4 (b)).
Finally, the caulking machine is adjusted to a level where the tightening
pressure will not damage.the functions of the PTC element, and the edge of the
metallic casing caulked. and sealed to make battery (U) having the battery
structure shown in FIG. 4 (c) with an outside diameter of 18.0 mm, a helght of 65
mm, and a flat bottom.
Example 2

Another specific example of the first invention will be explamed with

reference to FIG. 5. First, battery element (20) with an average outside diameter
of 17.4 mm is made in exactly the same way as in Example 1. This example
also seeks to make a battery in which the outside diameter of the metallic
casing in the finished battery (L2) is 18.0 mm using the same metallic casing
that was used in Example 1. Battery element (20) is housed in this metallic
casing and, as shown in FIG. 5 (a), the metallic casing is squeezed at a position.
60.5 mm from the casing bottom (near the metallic casing opening), and
striations (42) to support the gasket created. At the point in time when the
striations are created the relationship between the outside diameter of the
metallic casing opening (L1) and the outside diameter of the central part of the
metallic casing (L2) is L1 = L2 = 18.6 mm. Next, as shown in FIG. 5 (a), gasket
(8) is installed at the opening of the metallic casing, and the negative lead and
positive iead welded to the casing bottom and sealing lid (7; also acts as an
explosion-proof valve), respectively, as shown in FIG. § (a). Next, same
electrolyte as example 1 is injected, sealing lid (7) fitted in the gasket,
doughnut-shaped PTC element (15) laid on top of and in contact with the
sealing lid, positive external terminal (10) laid on top, and the Swager used to
squeeze the entire outside diameter of the metallic casing from the bottom to
the opening to reduce the outside diameter of the metallic casing to 18.0 mm
(FIG. 5 (b)). As shown in the detailed diagram of FIG.1 (b), the bottom of the
metallic casing after Swaging has an "outside diameter of the casing bottom”
(L3) which remains unchanged at 17.5mm even after Swaging, thus the bottom
of the metallic casing does not bulge in the Swaging process. Finally, the
caulking machine is adjusted to a level where the tightening pressure will not
damage the functions of the PTC element, and the edge of the metallic casing
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el ectrode, that is the positive (or negative) electrode, is welded to lid
(7) to allow current to flowto the external termnal (10) of the positive
(or negative) electrode. To reduce the resistance of the -electrode |lead the
cross-sectional area of the electrode | ead should be increased and the

| ength-of the electrode | ead shortened but, as shown in FIGs. 13 and 14,
due to the way the electrode | eads are brou@§@t out, the way they are wel ded
to the nmetallic casing and lid, and wel ding conditions, in conventional
cylindrical batteries the electrode leads are nornally linmted to a thin

netal | i c plcaulkedrandsetlod 40 tnake bhuespm Mmla:btmcmretuavm gandutsidenm and
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not possi bembodiment ofihe fidsY invtition inhExamples 1Rl 2athi€ ifention is
essentially concemed with proposals for methods of making cylindrical
batteries, and can naturally be applied to maklng cylmdncal batteries for other
battery systems.
Example 3 -

Specific procedures for making batteries will be explamed in relation to
the second invention, with reference to FIGs. 6, and 8 to 11. Preparation of the
battery element to implement the second invention differs from conventional
method and is as follows.

First dry blend 70 parts by weight of mesocarbon micro beads (do =
3.37A) which have been heat treated at 2800°C with 20 parts by weight of pitch
cokes, then wet blend with N-methyl-2-pyrrolidone, into which 10 parts by weight
of polyvinylidene fluoride (PVDF) has been dissolved as a binding agent, to
create the negative electrode slurry. Apply the negative electrode slurry evenly to
both sides of copper foil of 0.01 mm in thickness which is to be the negative
electrode current collector, leaving only 56 mm on one side of the copper foil
uncoated, as shown in FIG. 8 (a). Once it has dried, conduct pressurised
casting with a roll press to prepare strip-shaped negative electrode (1) which
has high-density active substance layer (32) on current collector (31). As shown
in FIG. 8 (a), the end of electrode of prepared strip-shaped negative electrode (1)
has no active substance layer on one side surface of the current collector, with
current collector (31) exposed.

The positive electrode is made under the publicly known method as
follows. A spinel-type lithium-manganese compound oxide is synthesized as in
Example 1. Make this spinel-type lithium-manganese compound oxide into
powder form with an average patrticle size of 0.0156 mm, and to 88 parts by
weight of this powder, mix 6 parts by weight of graphite as a conductive agent,
and then wet blend with N-methyl-2-pyrrolidone into which 6 parts by weight of
PVDF has been dissolved as a binding agent, to form a positive electrode slurry.
Next, apply the slurry evenly to both surfaces of the aluminium foil of 0.02 mm in
thickness which is to be the positive electrode current collector, and once it has
dried, conduct pressurised casting with a roll press to form, as shown in FIG. 8
(b). strip-shaped positive electrode (2) which has high density active substance
layer (32) on current collector (31). As with the positive electrode in Example 1,
have part of the current collector of strip-shaped positive electrode (2) exposed
at one end and onto it weld aluminium positive electrode lead (6) of 4 mm in

width and 0.04 mm in thickness.
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el ectrode | ead, | eaving an el ement of uncertainty as to safety in the event
of an external short. One problemthat this invention seeks to solve is to
reali se the manufacture of cylindrical batteries with a Swage Met hod which
produces batteries with a flat bottom and¢qrovide a battery w th high
energy density. Another problem:the invention seeks to address in

non- agueous cylindrical batteries which have battery el enrents made from
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ectrode with the exposed current collector of
negatlve electrode (1), rather than separator (3), is positioned at the outermost
periphery. Additionally, as shown in FIG. 10 (a), lead (6) taken from the centre of
the battery element is welded to lid (7) which is installed inside gasket (8). After
this, electrolyte, consisting of a blended solvent of ethylene carbonate (EC) and
diethyl carbonate (DEC) into which 1 mol/ of Li PFg has been dissolved, is
impregnated into the said battery element, and put into cylindrical metallic
casing (4) as shown in FIG. 11 (a).
This embodiment seeks to make a battery in which the outside diameter
(A) of the metallic casing of the finished battery is 17.5 mm, while the metallic
oasing used is a nickel-plated iron casing with an outside diameter at the
opening (L1) and outside diameter at the centre part (L2) of B = 16.0 mm,
“outside diameter of the casing bottom” (L3) of C = 16.5 mm, and a height of 65
mm. The outside diameter of the metallic casing used in this example (L2 = B =
18.0 mm) is larger than the outside diameter of the metallic casing in the
finished baftery (L2 = A = 17.5 mm), (B >A), and the “outside diameter of the
casing bottom” of the metallic casing (L3 = C = 16.5 mm) is no more than the
outside diameter of the metallic casing in the finished battery (L2 = A = 17.5
mm), (A= C).
As a matter of interest, the inside diameter of the aforementioned metallic
- casing is 17.4 mm, and as the outside diameter of the battery element is made
smaller than the inside diameter of the metallic casing the battery element can
be easily inserted into the metallic casing. After housing battery element (20) in
metallic casing (4), the metallic casing is squeezed down at a point 60.5 mm
from the casing bottom, as shown in FIG. 11 (b), and striations (42) to support
the gasket created. Following this, positive external terminal (10) is laid on top
and in contact with sealing lid (7), and the outside diameter of the metallic
casing squeezed to outside diameter of L2 = A = 17.5 mm, as shown in FIG. 11
(c). The edge of the metallic casing is then caulked to create battery (A) with a
structure having an outside diameter of 17.5 mm and a height of 65 mm, as
shown in FIG. 6.
in battery (A) made in this way, because the battery element (20) is
housed in metallic casing (4), after which the outside diameter of the metaliic
casing is reduced, thus the end of electrode positioned at the outermost
periphery of the battery element is in very close contact over a large area with the
internal wall of the metallic casing. Naturally the degree of contact between the
end of electrode and internal wall of the metallic casing closely correlates to the
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strip-shaped positive el ectrode and negati ve el ectrode, which have netallic
foil of no nore than 0.03 mmin thickness as a current collector, and
winding themup into a jelly roll to nmake a battery element, the coiling of
which is finished so that the end of electrode or el ectrode current

coll ector of the negative el ectrode or positive electrode is positioned on
t he outernost periphery of said battery el efnt, and housing the said
battery elenent in a cylindrical nmetallic casing, after which the outside
di aneter of the said cylindrical nmetallic casing is reduced to strengthen
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attery element pnor to lnsertlon in the metalllc easmg is mm, and
maximum value of the inside diameter of the metallic casing after squeezmg the
outside diameter is d mm, then the greater (D-d) is, the stronger the degree of
contact between the end of electrode and the internal wall of the metallic casing.
As in this embodiment, D = 17.15 mm and d = 16.95 mm, (D-d) = 0.20 mm and,
as shown in the enlarged sectional view of FIG. 9 (b), since electrode current
collector (31) is positioned at the outermost periphery of the battery element, the
said current collector is in appropriate close contact over a large area with the
inside of metallic casing (4). Thus, as in this embodiment, by sefting (D-d)
appropriately, positioning the end of one electrode or current collector at the
outermost periphery of the battery element, housing it in a cylmdneal metallic
casing and reducing the outside diameter of the metallic casing, good electric
conduction can be obtained between at least one electrode, without the need for
an electrade lead, and metallic casing (4),which is the electrode external
terminal. Furthermore, if (D-d) is too large the battery element may be overly
tightened, causing internal shorts. Other experiments confirmed that. it should
be 0 < (D-d) 5 0.3, with this embodiment being (D-d) = 0.20 mm. A preferable
range of (D-d) is about 0.1 mm to about 0.25 mm.

In this example also, the outside diameter of the metallic casing prior to
Swaging (L2 = B) is larger than the outside diameter of the metallic casing in the
finished battery (L2 = A), (B > A), and the “outside diameter of the casing bottom”
of the metallic casing (L3 = C) is no more than the outside diameter of the
metallic casing in the finished battery (L2 =A), (A 2 C). As such, there is no
change in the “outside diameter casing bottom" (L3) even after Swaging and no
bulging of the casing bottom of the metallic casing in the Swaging process.
Example 4
Another specific example of the second invention will be explained with

reference to FIG.s 7 to 10, and 12. A coiled battery element is made in the same
manner as Example 3, as shown in FIG. 9 (a). The aluminium rod(40) with
diameter 4.0 mm is inserted into the centre hole (41) of the battery element as
shown in FIG. 10 (b), and electrode lead taken from the centre of the coil is
welded to one end of the said aluminium rod. Following this, the same type of
electrolyte as was used in Example 1 is impregnated into said battery element
and, as shown in FIG. 12 (a), the battery element is then housed in the
cylindrical metallic casing with the side to which electrode lead (6) is welded
facing the casing boftom. This embodiment also seeks to create a battery in
which the outside diameter of the metallic casing in the finished battery is 17.5
mm, using the same metallic casing as used in Example 3. After housing the
battery element in metalilic casing (4), the metallic casing is squeezed in at a
point 60.5 mm. from the casing bottom, as shown in FIG. 12 (a), striations (42)
created to support the gasket, and gasket (8) is installed in the opening of the
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conventt+onral—etalHe—-e€asings. FIG 1(a) is a cross-section of the netallic
casing prior to the Swaging used in this invention, and FIG 1 (b) is a
Cross- plaggdhgi ng. Metal lic casings used in this invention are
characte t hey have casing walls perpendicular to the casing
bott om vicinity of the casiqgg bottom where the casing wall
slants toward the casing bottom resulting in two bends in. the joining of
the casing wall and casing bottom As shown in the detailed diagram in
FIG 1 (a) the joining of casing wall (1 and casi.n tto
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aforementioned example. The edge of the metallic casmg is then caulked to

create battery (B) with a structure having an outside diameter of 17.5 mm and a
height of 65 mm as shown in FIG. 7. As electrode lead (6), which is welded to
one end of the aluminium rod, is in close proximity to the hole in the centre of the
coiled battery element it need only be a mere 4 mm in length. In the end, in
baftery (B) made in this embodiment, electrode lead with a tiny cross-sectional
area of 0.16 mm?® has a mere 4 mm lying between the battery element and the
external terminal.

This example also seeks to create a battery in which the outside diameter
of the metallic casing in the finished battery is 17.5 mm, using the same
metallic casing with an outside diameter of 18.0 mm as used in Example 3, and
as the end of negative electrode (1) is positioned at the outermost periphery of
the battery element, by housing the battery element jn the cylindrical metallic
casing and reducing the outside diameter of the metallic casing enables good
electric conduction between the negative electrode and metallic casing (4).

In this example also, the outside diameter (B) of the metallic casing prior
to Swaging is larger than the outside diameter (A) of the metallic casing in the
finished battery, (B > A), and the “outside diameter of the casing bottom” (C) of
the metallic casing is no more than the outside diameter (A) of the metallic
casing in the finished battery, (A 2 C). As such, there is no change in the
“outside diameter of the casing bottom" even after Swaging and no bulging of
the bottom of the metallic casing in the Swaging process.

Comparative Examples

The conventional procedures for making batteries will be explained with
reference to FIGs. 13 and 14. In conventional battery-making methods the
battery element is prepared as follows.

First, negative electrode (1) and positive electrode (2) are created with the
same method as in the aforementioned example, with the current collectors
coated with an active substance layer, then pressurised casting is conducted to
make strip-shaped electrodes. Under the conventional method, part of the
current collector at one end of both the strip-shaped positive electrode and
negative electrode are left exposed, to which electrode leads of 4 mm in width
and 0.04 mm in thickness are welded.

A separator is inserted between the prepared negative electrode and
positive electrode, then this is wound into a jelly roll to make battery element
(20) with an average outside diameter of 17.2 mm, as shown in FIG. 13 (a).
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casmgbt ing, as shown in FIG 1 (b), and thus there wll
be no b tallic casing bottomduring the Swaging process. In
t he secon i\ ntion there is no need for an el ectrode |lead in at

| east one negative el ectrode or the positive electrode in the
coiled battery elenent (20) as shown in FI®4 9. That is, electrodes used in
this invention are a strip-shaped el ectrode to which an electrode lead is
not attached as shown in FIG 8 (a), and a strip-shaped el ectrode to which
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t he electrode lead (5) to have sufficient length to reach the centre of the casing
bottom. Thus, battery made in this comparative example having an outside
diameter of $18 mm requires a 13mm negative electrode lead. Lid (7) is
welded to positive electrode lead (6) taken from battery element (20) housed in
the metfallic casing, as shown in FIG. 14 (a).This is followed by the injection-into
the metallic casing a little at a time over five occasions of the same electrolyte
as used in Example 1. The method involves a vacuum being created inside the
metfallic casing each time the electrolyte is injected, after which the electrolyte is
injected, followed by pressurisation to promote the impregnation of the
electrolyte into the battery element. After this, electrode lead (6) is folded, as
shown in FIG. 14 (b), lid (7) fitted inside gasket (8), positive external terminal
(10) laid on top of and in contact with lid (7), and the edge of the metallic casing
caulked and sealed to create battery (C) with the battery structure of an outside
diameter of 18 mm and a height of 65 mm, as shown in FIG. 14 (b).

In battery-making procedures under this conventional method, electrode
lead (6) needs fo be long enough to fold to ensure the appropriate instaliment of
lid (7) in the process of installing lid (7) inside gasket (8). The length electrode
lead (6) needs to be in order for it to be folded differs according to the outside
diameter of the battery, that length being 22 mm in the case of the battery with an
outside diameter of $18 mm in this comparative example. Ultimately, in battery
(C) of this comparative example, electrode lead with a very small cross-
sectional area of 0. 16 mm? and a length of 35 mm when those of the positive
electrode and negative electrode are comblned lies befween the battery
element and the external terminals.

As conducted in Examples 3 and 4, with this invention, by positioning the
end of electrode of the negative electrode at the outermost periphery of the
battery element, housing the battery element in the metallic casing and then
reducing the outside diameter of the said metallic casing, good electric
conduction between the negative electrode and the metallic casing can be
obtained, making it unnecessary to spot weld the negative electrode lead to the
casing bottom. This enables the battery element to be impregnated with
electrolyte and the battery element housed in the metallic casing, something
which will lead to significant improvements in the battery manufacturing
process. Specifically, this method in which the battery element is impregnated
with electrolyte and the battery element then housed in the metallic casing
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' properly if the negative electrode lead is wet W|th electrolyte, necessitating a
method in which the battery element must first be housed in the metallic casing,
the negative electrode lead spot welded to the casing base, and the electrolyte
injected a little at a time over a number of times into the metallic casing and then
impregnated into the battery element.

Performance Experiment Results

Ten of each of battery (A), (B) and (C) were made in the aforementioned
manners on which performance experiments were conducted. Ten cycles of
charging-discharging were conducted by sefting the charging voltage of each of
the batteties at 4.2 V, charging them for eight hours at a charging current of 500
mA, then discharging at a discharge current of 500 mA fo a cut-off voltage of 3.0
V. In the discharge characteristic of the tenth cycle, a discharge capacity of 1200
mAh at and average discharge voltage of 3.75 V was obtained for all, except one
of the ten (C) batteries of the comparative example. Table 1 shows the average
internal resistance values for each type of battery after charging for the tenth

cycle.
Table 1
- Battery Type No. of Samples internal Resistance
(milliohms)
Battery A 10 53
Battery B 10 50
Battery C 9 ' 62

The above resuits show that batteries (A) and (B) of this invention
achieved a 15 - 20% reduction in internal resistance without any deterioration of
discharging characteristics in comparison with battery (C) of the conventional
method. This is because this invention allows the electrode lead, which needs
to have a very small cross-sectional area, to be made very short. A 15 -20%
reduction in internal resistance means a 15 -20% reduction in the internal
heating of the battery even when large currents are being discharged, which is
of great significance from a safety perspective. In conventional battery (C) the
entire 15 -20% of extra heat arises only at the electrode leads which have very
small heat capacity in relation to the total heat capacity inside the battery,
leading to large temperature rises of the electrode leads when large currents
are being discharged. This means that the electrode leads may become the
source of ignition, particularly in the lithium ion secondary battery shown in this



positioned at the outernost periphery, if, as shown in FIG 8 (a), there is
an acihy sheStWRSBRRREH] er (32) on just one side of current collector (31),
el ectr ctor (31) is positioned on the outernost periphery
as shoqnmmmmgnﬁ ged sectional view of FIG 9 (b) so the said current
col | ect contact with the inside of the netallic casing,
allowing for sufficient electric conduction ¥t ween the el ectrode and the

nmetallic casing. Naturally when the active substance | ayer has sufficient
conductivity, with end of el ectrode positioned at the outernost periphery,
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cl ose cont act de o he met aI | i Si a I | n uf g nt
el ectric cendycti Shéﬁi&:@wﬁﬂﬁ igl%bddb\‘w?
machi ne ma igCasingi de

di aneter of §|ﬂ0§| quls whamme!ammbaﬁem vtoeconfisgy whether
t hi s* machi ﬂle weldtag iof ﬂme aegative elécidydelendtostie centde of théneasingtbottons hdise
(22) whi chbeea properycoadictet! dremof] thus bdtteries enay betdreateehwhich dodot!i vi ded
into two i fundtiendally dae topddiceledtrit) ssndiictioh Bétwideh ftid mebslfic 845RgaANnd the
rollers (2électiode: The battery. may also be subjected to vibrations in processes after
the welding of the electrode lead, causing the welding to d(slodge with sufficient
likelihood that the electric conduction between the metallic casmg and the
electrode will be poor.

In contrast, batteries (A) and (B) of the embodlments involved the battery
element being housed in a cylindrical metallic casing, and the outside diameter
of the said metallic casing being reduced, thus enabling very close contact over
a large area between the end of electrode (electrode current collector)
positioned at the outermost periphery of the battery element and the inside of
the metallic casing. This means that there will be no batteries which do nat
function due to poor electric conduction between the metallic casing and the
electrode.

Furthermore, in Examples 3 and 4, a specific embodiment for the second
invention indicated a lithium ion secondary battery using lithium-manganese
oxide as the positive electrode active substance, and a carbon material as the
negative electrode active substance; this second invention is essentially
concerned with proposals for methods of obtaining the electric conduction
between electrodes and the external terminals. Non-aqueous cylindrical
batteries naturally can be applied to other battery systems if they are batteries
with a battery element that has a coiled structure.

. As the “outside diameter of the casing bottom” (L3 = C) of the metallic
casing prior to Swagmg in this invention is no more than the outside diameter of
the metallic casing (L2 = A) in the finished battery, (A 2 C), there is no change in
the “outside diameter of the casing bottom” (L3) even after Swaging. Thus,
there is no bulging of the bottom of the metallic casing in the Swaging process,
enabling batteries with the same extemnal appearance as conventional batteries
(having a flat bottom) to be made with the Swage Method, and making possible
battery manufacturing by the Swage Method characterised by boosted capacity
due to a bigger battery element diameter.

Furthermore, the coiled battery element in this invention is made by
finishing the winding so as the end of electrode or electrode current collector of
the negative electrode or the positive electrode is positioned at the outermost
periphery of the battery element, then the said battery element is housed in the
metallic casing, after which the outside diameter of the said metallic casing is
reduced, thus the end of electrode or electrode current collector positioned at
the outermost periphery of the battery element is in very close contact under high
contact pressure with the inside wall of the metallic casing. This ensures the



15 shows eight rollers). Wien die (22), which is split intwo, rotates in

t he diThisShe¢evlinsBeentReplacd r:ow t oget her with die holder (23), it cones into
cont act (24) every 45 of rotation, die (22) is tightened to
the ins ntral gap in the split die (22) becones smaller.

Further rotation away fromthe rollers (24) results in the central gap

wi dening. This means that die (22) split ijg#two, approaches and w thdraws,
causing the diameter [err]X of the hole in the centre of the die to

i ncrease and decrease in size. Inserting a cyllndrlcal obj ect into hole

(21) in the re;’gtre. of 2 whlch rot tes V\J|| ue ze the outslde
di amet er f’oa M' &'ﬂ 995 PO/ that
i s becaus€lgatrode and the maallisaasingwdich is 313 )demaueaninal@fthe

of the die becémiite mathodin whish acmetalfic mdgsunsertedmto the bole Imliheceentre
battery o0f the eollet battegrelement, tondnelendsafiegid metallic rod Isswefded theet er  of
the netal blectrodeilead brbdghtliftd the éémé o'f tHe rddlléé'bétfé?? elarhédt, %doé lighe
central pielded td &f\%@%hdsofr .a?ea (éga$ :s'rf&\f éf‘gi di e

approach Hg‘h

heer ool ﬁat%ﬁg@e il w ol
t at

ro a_ | ng invention here will enes vxtch do not funchon §u ly due to pgor electnc

conduction between the metallic casing and the electrode, boosting battery
reliability. As this invention requires only a very short electrode lead, which
needs to have a very small cross-sectional area, there is also no concem about
temperature rises in the electrode lead due to the passage of large currents.
This removes the danger of bafteries catching fire when the electrode lead
becomes the source of ignition, particularly in non-aqueous cylindrical batteries
which use combustible organic electrolyte. Eliminating the need to spot weld
the electrode lead to the casing bottom also allows the housing of the battery
element after electrolyte has been impregnated into the battery element,
enablmg the removal of the process of injecting electrolyte into the metalhc
casing, which has seriously hampered productivity.

- As a result, the mass supply of high performance batteries of great
reliability and safety for a broad range of applications has been made possible,
having enormous industrial value.



squeezed t er of the netallic casing in the finished

battery. Th nted below w Il provide detail ed expl anati ons of
t he af orene_?}%|§§ s Bedl R gcﬁ‘? i ons. 7 FIG 1 shows detailed cross-section
of the shape’rHﬂlm HFM c casing bottom FIG 2 shows detail ed
Cross-sectio of a conventiorf® netallic casing bottom FIG 3
shows typical cross-section of battery in the assenbly process. FIG 4 shows
typi cal cross-section of battery in the assenbly process. FIG 5 shows

typi cal ciQlLAIMS:ction of. battery in the assenbly process. FIG 6 shows

typical cross- qeq iGindf %é%ﬁﬁi H‘Qﬁetaélf& %ig%&*eﬁ foithé tfakihg

battery. iofEyfindiAbatiBRy i &hi odtsidd’aRvetel of thé métfiic casing of the
finished battery is L2 = A, and characterized by the external dimension of the
metallic casing satisfying the relationship L2>A=L3, L2 being the outside
diameter at the central part of the metallic casing, and L3 being “the outside
diameter of the casing bottom", as shown in FIG. 1(a), in a cross-section of the
cylindrical metallic casing, the outside diameter (L3) measured at the point
where the extended lines (X- Y) of the fiat casing bottom inner surface and the
casing wall extemal surface ¢ross (P, and Q) being defined as “the outside
diameter of the casing bottom".

2.A metallic casing for cylindrical batteries comprising said metallic
casing being used for the making of cylindrical batteries in which the outside
diameter of the metallic casing of the finished battery is L2 = A, and
characterized by the external dimension of the metallic casing satisfying the
relationship L2>A=L3, L2, A and L3 are as defined above.

3.A non-aqueous cylindrical baftery comprising a battery element, which
consists of a strip-shaped positive electrode and negative electrode, which have
metallic foil of no more than 0.03 mm in thickness as current collectors, being
separated by a separator and wound into a jelly roll and being housed and
sealed in a cylindrical metallic casing; in which said non-aqueous cylindrical
battery an end of electrode or electrode current collector of either the positive
electrode or negative electrode is positioned on the outermost periphery of the
aforementioned battery element, and after the said battery element has been
housed in the aforementioned metallic-cylindrical casing the outside diameter of
the said cylindrical casing is reduced to give the non-aqueous cylindrical battery
with the characteristic of increased “contact strength” between the

. afarementioned end of electrode or electrode current collector which is
positioned at the outermost periphery of the battery element and the inner wall of
the aforementioned metallic casing. The aforementioned “contact strength” is
defined as the difference (D-d) between the maximum outside diameter value
(D mm) of the battery element prior to insertion in the metallic casing and the
?aximum inside diameter value (d mm) of the metallic casing in the finished

attery.

4.A non-aqueous cylindrical battery as defined in Claim 3 which is
characterized by the “contact strength” satisfying 0<(D-d)<0.3.

5. A non-aqueous cylindrical battery as defined in Claim 3 or 4 which is
characterized by the battery element being inserted into the metallic casing after
impregnation with electrolyte. : .

6. A non-aqueous cylindrical battery as defined in Claim3 to 6 comprising
a cylindrical battery formed by housing a battery element in a cylindrical metallic
casing and the opening of said cylindrical metallic casing having a lid affixed to it

_ _via a gasket and being sealed; in which cylindrical battery a metallic rod is
inserted into the hole in the centre of the aforementioned battery element, to one

L



FIG9 sho n of coiled battery elenment FIG 10 shows
cross-section of th dery elenment. FIG 11 shows cross-section of
battery i n T FI G 12 shows cross-section of battery in

seal ing proc m v&‘;v\s cross-section of conventional coiled battery
S

el ement . FIG. section of battery in conventional sealing
process. FI G 15 shows principle FIG of S r FIG 16 shows principle FIG

of Swaging 1 Negati ve el ectrode ‘Positive el ectrode 3
Separator 4 Metallic casing 5 Negati ve electrode
| ead Positive electrode lead 7 Seallng cap 8

Gasket 9 wel di n 0] Positi|v ternal

t er i nal @dcefggéph g%llﬁ: rocf is we?ded ggposm@gl ng fea;_éor ampgativenent
20 Batlestrpde angﬁo thei etheolend of which is welded thepaforementioned lid. Di e
hol der 24 Rol | er

R I 5



31 Current collector 32 Active substance |ayer 40 Al um nium
rod 41 Hole in centre of coil 42 Striations Exanple 1
The specific battery manuf acturi ng procedures for the first invention will
be explained with reference to FIGs. 1,3 and 4. The battery €elenent for the
I mpl enentation of this invention is prepared in the foll ow ng manner. First
the negative electrode is prepared under tlhpg publicly known conventi onal

nmet hod as follows. Conmbine 87 parts by wei ght of nmesocarbon mcro beads
(d[err] = 3.37A) which have been heat treated at 2800[err]Cwith 3 parts by
“wei ght of acetylene black and wet blend with 10 parts by wei ght of

pol yvi nyl iABSETRACTOr i de ( PVDF) as a binding agent and

Nl-matthZpyrr'pd ﬁﬁﬂ&e mgg m y'[(he
slurry ev ckness
whi Chyl s fm a g%‘ sngﬂﬂg&ﬁn &lﬂ h|bt has '
dried, condl E‘S t E H§ '@@95?;6%9 3'[‘%1 o 'g aped
ti d
gfeg?hlevgtrtm "ﬂe @Ilfé g ¢ eme gasing reduced; to Seee

re uce the occurrence of defectlve battenes due to deficient electric conduction
between the metallic casing and the electrode lead; and to improve the safety of
the said cylindrical battery in the event of an outside short circuit.

In the making of a battery in which the outside diameter of the metallic
casing in the finished battery is A, the outside diameter of the metallic casing
used is made fo satisfy the relationship L2 > A >'L3. The battery element, made
by winding in a coil shape, is wound so that when winding is completed the end
of electrode or electrode current collector of either the negative electrode or the
positive electrode is positioned at the outermost penphery of the battery
element, then the said battery element is housed in a cyllndncal metallic casing, |
after which the outside diameter of the said metallic casing is reduced to
strengthen the contact between the end of electrode or electrode current
collector positioned at the outermost periphery of the battery element and the
internal wall of the metallic casing, and make the resistance electric of contact
between the electrode and metallic casing sufficiently small.

I_

- Figure 1

This Sheet Has Been Rci
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ni ckel negative el ectrode | ead. The positive electrode is al so nade
undér the publicly known conventional nethod as follows. Mx together well
manganese di oxide (Mg err]), avail able on the narket and |ithium carbonate
(Liferr]Cderr]) in the ratio of 1 nol:0.275 nol. and bake in air at
800[err]C for approximtely 12 hours. gﬁat t he baki ng process three tines
to synthesize a spinel-type li-thiumm ese conpound oxi de. Make this
spinel type lithium manganese conpound oxide into powder formwth an )
average particle size of 0.025 mm and to 89 parts by weight of this powder
mx 3 parts by weight of acetylene black and 4 parts by weight of graphite
as conduction agents, and then wet blend with N-nethyl-2-pyrrolidone into
whi ch 4 pis. by @ayht of PVDF has been dissolved as a binding agent, to
forma slurry. Next,” apply the slurry evenly to both surfaces of the
%;ositjve_

d pressurised

al um ni um foi | of l?@ I CKNESS W CIT 15 10 DE I
, and once it has dried, cond
casting with a rol I *ress to forma

12

6
NrrerEoiHaa

](’ L3=C Q2




strip-shaped positive el ectrode. Have part of -the al um ni um exposed at one

edge of the strip-shape positive electrode and onto it weld an al um nium

positive electrode.lead. Insert a porous, polypropyl ene separator between

t he prepared negative and positive electrodes and roll up to create a

battery element (20) with an average C?I}-ISS de dianmeter of 17.4 mm Then

battery elenent (20) is housed in netallic casing (4), a showmm in FIG 3

(a). This enbodi nent seeks to nmake a battery in which the outside dianeter

(L2) of tzg GEt II'& asing in the finished battery is 18.0 mm while the

metallic E ngiu ( s a nickel-plated iron casing with an outside

di aneter at the opening and outside dianeter at the centre part (L2)

of 18.5 mm "outsi o,’; I e casing bo 4 17.5 mm and a

hei ght of 65 nm T ottom of the said netallic casing ishovvn in the

detai |l ed di agram of Z#4 % has two bends
z/} R2 at the join of casing wall (12) V//

(1 1), making it pdé8j ble to make the "outside dianeter é

the centre paf:g of gAe netallic casing (L2). That is, th haracteristic of

the metallic si ngp ' ' %/

L2=B -

d casing bottom
t he casing

7 G 1(a). The FIG 1(a) shows that 17
represented by Rl 77
bottont (L3) suffi ntIy small in conparison to the out g4e dianeter of

BzC>A

N

=
W W

.- 7 ' L3=C
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Swagi ng used in this enbodinent is that the outside dianeter of the
netallic casing (L2 = B = 18.5 mm is larger than the outside dianeter of
the metallic casing in the finished battery (L2 = A=18.0 ), (B >A), and
the "outside diameter of the casing bottont of the nmetallic casing (L3 = C
= 17.5 nmm is no nore than the outsidgl paneter of the netallic casing in
the finished battery (L2 =A= 18.0 mm). [err] ©. On the other hand, the
outside dianmeter of the battery eLﬁﬁenh is 17.4 mm and the inside dianmeter
of the af oppgengi oned met ' g J aki ng the outside dianeter
of the battery elenent 0.% nm snaller nsi de di aneter of the .

casi ng, and allomﬁng(adsyi"" FEriree ery el enent into the
metallic casing. Swaging i ery element (20) is housed
in metallic casing (4), alp of the metallic casing
(except the area around t ced to, 18.0 nm as shown in
FIG 3 (b). As the "outsi§ ng bott ot (L3) of the
metallic casing remains u en after Swagi ng, as shown
in the :

20

D
ot il el B O TR R

(b)

20
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detailed diagramof FIG 1 (b) the casing bottomof the netallic casing
does not bul ge i,n the Swaging process. Following this, the netallic casing
i s squeezed at a position.60.5 mmfromthe casing bottom (near the netallic
casi ng opening), as shown in FIG 3 (c), and striations (42) to support the
gasket created. After this the proces ,l@ FIG 4 (a) to (c) are followed to
assenble the battery. That is, gasket-%é) is installed in the opening of
the netallic casing, and the negative |ead and positive | ead welded to the
casi ng bot t bHmaAd {aki ni um sjeedtrg—ildl : i an expl osi on- pr oof
val ve), respectively, as showg in F|& elﬁrol yte is injected,
0] "‘rmmi}iE ed PTC el enent (15) laid
ety ATV external term nal
ze the outside

EIRE X X T

on top of and in cont actl 9 TSRS
(10) laid on top, and the, oA
di aneter of the netallic ®Basi

li c dasing (L2) (FIG 4
(b)). Finally, the caul ki ngfg {H a | evel where the
tightening pressure wll ot

t he edge of the

| { = ~10
(b) . L1
- 8
15
42
7 L2=A 4

N 20

10

(c)
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metallic casing caul ked and sealed to make battery (U having the battery
structure shown in FIG 4 (c) wth an outside dianeter of 18.0 mm a height
of 65 mm and a flat bottom Exanple 2 Another specific exanple of the
first invention will be explained with reference to FIG 5. First, battery
- element (20) wth an average outside g#gEFter of 17.4 mmis made in exactly
the sane way as in Exanple 1. This ex al so seeks to nake a battery in
whi ch the outside dianmeter of the metallic casing in the finished battery

(L2) is 18. UgihRg the sfwe—rets LI‘GB&S-I—H-Q—Lﬁ-i used in Exanple 1.
Battery e|JﬁUﬁW5(§§9 i's houged in iy V\@ﬁand as shown in
FIG 5 (a), the netallic caﬁg‘o k; squeezeg p05|t|on 60.5 mmfromthe
casi ng bottom (near tHd re et 8striations (42) to
support the gasket created. ; Mhen4g?e striations are
created the relationship beigs ) ; the netallic
\\\\‘\ ¥ e central part of the
\\ % down in FIG 5 (a),

dal | i c casing, and the

casi ng opening (L1) and the
nmetallic casing (L2) is L1
gasket (8) is installed g
negative | ead and 7

_ 0
(b) —L1=
| 8
15

42

B>A .

7 [2=A |
20

4 | =A— _ {0

(c) - 8
15
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caul ked and sealed to nmake battery (V) with a structure having an outside
di aneter of 18.0 nm and hei ght of 65 mmas shown in FIG 5(c). As presented
above, the Swage Method has been used also in Exanple 2 to nmake battery
(V). This differs frombatteries nmade with conventional Swage Method in
that there is no bulging at the casi ng {f%ttom of the nmetallic casing,
enabling a battery with flat casing b 1’ mto be made. Furthernore, the
creation of a lithiumion secondary battery using |ithium manganese oxide
as the posi tﬂﬁ?ectrode active 3ébstance and carbon material as the
negative el ectrode active substan was indicated as a specific- embodi ment
of the first inventio '!n Exarrpl eg IYETRe® | S essentially

‘ > drical batteries, and
batteries for other battery
_maki ng bat =W | | be

can naturally
systens. Exanple=3
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with the

el enent (20) nmade here being

there are maxi num and
attached to the positive,

ba

not be a conplete circle,
el ectrode | ea

As the cross-section of battery elenents nade by coiling strip-shaped

el ement (20) wth an average outside dianmeter of 17 mm as shown in FIG 9

(a).

m ni mum val ues for the outside dianeter of battery el enent (20),

maxi mum out si de di aneter val ue for

el ectrodes generally will
17.15 mnm When w ndi ng,

Zho
4?en di ssol ved,
)y cylindrical
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casing used is a nickel-plated iron casing with an outside djaneter at the
opening (L1) and outside dianeter at the centre part (L2) of B = 18.0 mm
"out side dianeter of the casing bottom (L3) of C = 16.5 mm and a hei ght
of 65 nmm The outside dianeter of the netallic casing used in this exanple
(L2 =B =18.0 mm is larger than the 'Ot-’ltﬁ/-% di aneter of the netallic
casing in the finished battery (L2 = A = i. mm, (B >A), and the "outside
di anet er of thﬁﬂﬁgSin bottom of the netallic casing (L3 = C=16.5m) is
no nore than t ul & de diameter of the metallic casing in the finished
battery (L2 = A= 17.5 mm, (Aferr] C. As a matter of interest, the

i nsi de dianeter of the g?orenention-a netallic casing is 17.4 nm and as

t he outsi de dianeter og he bat § -Ien&p' is made smaller than the inside
dianeter of the nmetallic casing thejpattgry el enent can be easily inserted
into the netallic casing. After houpj ngfbattery elenent (20) in netallic.
casing (4), the netallic casing is-‘nuz-zed.domn at a point 60.5 mmfrom
the casing bottom as shown igfierey mesblfgaaod striations (42) to support
the gasket created. Follomjnamﬁétt“f"' =fff§§'

A ernal termnal (10) is laid
on top and in contact with s¢ t he outside dianeter of the
metal lic ' . '
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That is, it can be said that if the maxi mrum val ue of the outside dianeter
of the battery elenent prior to insertion in the netallic casing is Dnmm
and the maxi num val ue of the inside dianeter of the nmetallic casing after -
squeezing the outside dianeter is d nm then the greater (D-d) is, the
stronger the degree of contact between the end of el ectrode and the
internal wall of the netallic casing. 1@5’1§n this enbodinent, D = 17.15 mm
and d = 16.95 mm (D-d) = 0.20 nm and, as shown in the enl arged secti onal

view of FIG Ei:pég) ii nce el ectrode curre collector (31) is positioned at
t he out er npst i-!) ry of the battery el eg8nt, 2%e said current collector
is in appropriate close cont§4 over g_larf pa Wi th the inside of
metallic casing (4). Thus, as ji n sZa e by setting (D-d)
appropriately, positioning thge i,,:gcy/,w N current coll ector at
the outernost periphery of Dbd it in a cylindrical
metal lic casing and ?uci 3N

O S0NE, 2dal | i ¢ casi ng,
good el ectric conduc teh ~4},~/ ¢ RAASt one el ectrode
wi t hout the need for an B ,."_,‘W{ﬁ' A '

TAAN \\. A

AN

(4),which is
the el ectrode external

“ too large the
battery el enment: na sipdts. Q her
experiments confir

24
FIG.16 ., 23 55
N
(b)
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gl so, the o od 19 %%all ifc casi T““t"ﬁ"""S\?\'/éTjﬁ‘r: (E? Eg

is | t """ 2t h taljli finished
L B s

battery (L2 ifng bott ont
of the nmetajlic casin L3 = {4 o norfe tfan retler of the
metal lic casiﬁémnofhgmméj zt-t-ery (L2 =A),] (A [err] O. As quch,
there is no change in the "outside dianeter casimg—bottom—(L3) even after
Swagi ng and no bul ging of the casi @QylindticahBaftetyhe netal lic casing in the
Swagi ng process. Exanple 4 Another specific exanple of the second i nventi on

will be expl ai n?ﬁaé"lri\)én{asmfs%%c@ métallicessin tﬁhé@ut dia?net%r%f'ddﬁéh tery

The al umi net g‘ W 'gé f c Gasina In i fiishel hol e
(41) of thgd é‘f@ %g}{‘?‘d%'s %%gg P%’QH’
taken fro %ﬁ?c attgey ?Bt Bas b insthe sai
al umi ni um mﬁha"wasm. mgmerelemn@%mam yto the #npeavaeentofias used in
Exanple 1 mnwmugngtmethqummarenamwa safatynt
The dissemination of and advances in various portable electronic
equipment, such as note-book computers and video cameras, has been
accompanied by heightened demand for higher performance batteries as drive
~sources for these, with attention being focused particularly on lithium batteries
and lithium ion secondary batteries. As lithium batteries and lithium ion
secondary batteries have high voltages, their energy density is also high,
contributing significantly to the down-sizing and reduction in weight of portable
electronic equipment.
" Further move towards smaller, lighter and more sophisticated portable
electronic equipment, however, has given rise to even stronger demands for
high performance batteries, and in turn a need to boost energy density, even in
lithium battéries and lithium ion secondary batteries, as well as reliability and
safety.

To increase energy density a method was proposed which used a
metallic casing with outside diameter larger than the outside diamefer of thé
metallic casing in the finished battery, and increased the diameter of the battery
element housed inside the metallic casing to boost capacity (JP-A-6-215792).
In this method a metallic casing is used which has larger outside diameter (B)
than the outside diameter (A) of the metallic casing in the finished battery, and
after housing the battery element in the said metallic casing the outside
diameter of the metallic casing is squeezed down to the outside diameters (A)
of the metallic casing in the finished battery (herein the squeezing of the outside
diameter of the metallic casing will be referred to as “Swaging”, the machine
which squeezes the outside diameter of the metallic casing as a “Swager”, and
the method of making a cylindrical battery in which the outside diameter of the -
metallic casing is squeezed, is called “Swage Method").

The use in the Swage Method of a metallic casing with outside diameter
larger than those of the outside diameter of the metallic casing in the finished
battery allows the diameter of the battery element that is housed in the metallic
casing to be enlarged to boast capacity. As is shown in FIG. 2 (b), however, a
problem arises in the Swaging process in which the bottom of the metallic
casing bulges, causing the external appearance to differ from that of
conventional batteries (flat bottom). The bulging of the metallic- casing bottom is
something that is seen in conventional batteries when a defect in the battery has
occurred leading to.a rise in the battery’s internal pressure, while normal )
batteries have a flat bottom. As batteries with bulged bottom tend to be deemed
defective, and this is undesirable, the Swage Method has not yet been put to
practical use.



El

i
and, asw %EI#TCSI{BEE(a), the battery elenent is then housed in the
cyl i ndrji dal metaIT"'"“ iIng with the side to which electrode lead (6) is
wel ded |f gci Odl SER 19975 bottom This enbodi nent al so seeks to create a
battery ijn which the o t<|de di ameter of the netallic casing in the
finishjd partery—+s—+&5/nm using the sane netallic casing as used in
Exanpl .3, After housinglthe battery elemen2 in nmetallic casing (4), the
metal lic casing TS squeezed in at a point 60.5 mmfromthe casing bottom

as shown in FI PortaBlel électrdhid ééuipmerttfl&h Wsymtemreompmmm and

gasket " ( lidop daidrdls, Abydfo BAeNTIORY di : ot her
central gi‘;igfgg;’ggm @?ﬂ%@ﬁ@?@ém @%6}%"& central part

f the | th. th d end of the al d. Lid (7) i
We'% s b i @a@r&eé@r@% eledond 0 (1) 1S

| aser wel @emal Fﬁ&'mﬂ@@rﬂfﬁbed?a ary must bectedused as myctugs Possiblig-nner
secti on i Methedsforreduting thedinternad resistande: of battedes includes:o1pinereasing
expl osi onelegtroge idreanandi@) reducing the resistance of electrode leads.

{n prior art the use of strip-shaped electrodes has been adopted to
increase the area of electrodes. To increase electrode area of strip-shaped
electrodes it is necessary to reduce the thickness of electrodes, with metallic foil
generally being used as current collectors. That is o say, in prior art, strip-
shaped negative electrode (1) and positive electrode (2), the thicknesses of
which have been reduced, are separated by separator (3), and rolled up to form
coiled battery element (20), as shown in FIG. 13, with said battery element being
housed in cylindrical metallic casing (4), the opening of which has a lid (7)
affixed fo it via a gasket (8) and is sealed to make a non-aqueous cylindrical
batteries, as shown in FIG. 14 (b).

In conventional non-aqueous cylindrical batteries in which the battery
element is coiled, either the posmve electrode lead or negative electrode lead
taken from the battery element is spot welded to the bottom of the metallic
casing to obtain the electric conduction between the electrode and the metallic
casing. In this case, the spot welder's rod-shaped electrode is inserted into the
small hole formed in the centre of the coiled battery element when winding is
conducted, and the electrode lead welded to the bottom of the metallic casing.
Under this method there is just one welding site, welding defects are frequent,
and it is not possible to confirm whether the welding is sufficient or not, leading
fo the problem in conventional non-aqueous cylindrical battery of cases where
the battery does not function due to improper electric conduction between the
‘metallic casing and the electrode.

In conventional aqueous electrolyte-type nickel-cadmium batteries and
nickel-mefal hydride batteries also, the battery element is coiled, but a method
is used in which the coiled electrode element is made by positioning the end of
the negative electrode on the outermost periphery of the coiled electrode
element and housing it in a cylindrical metallic casing to allow the
aforementioned end of negative electrode positioned on the outermost
periphery of the electrode element to come into contact with the internal wall of
the metallic casing, enabling the electric conduction between the cathode and
the metallic casing. As alkaline electrolyte (for example, 30% KOH aqueous
solution) have good conductivity, there is no need for unreasonable increases of
electrode area, and relatively thick electrodes can be used, giving the electrodes
a certain degree of resiliency. Accordingly, at the point in time when the
electrode element is housed in the metallic casing the coiled electrode element
has coil return due to the resiliency of the electrodes, giving enough contact
strength for the electric conduction between the electrode terminal and the
internal wall of the metallic casing.




pressure when internal pressure in the battery
termnal (10) is then laid on top of and in

(7), and, as shown in FIG 12 (b), the outside
aging B =18.0 mm is squeezed to A = 17.5 nm using
t he aforenenti oned exanple. The edge of 'the netallic
hen caul ked jo create battery (Q) with a structure having an
outside dianeter 0 nm and a hei ght of 65 nmas shown in FIG 7. As

el ectrode | ead (6), WhICh is welded to one end of the alumniumrod, is in
cl ose proxi ni tAs the resilienty of eledtrodesHin aonfaquedusobatteriesiis wegkel ement i t
need onl yhdwevermoanédthod isradapted ito bring the end ofieledtrddecinto COntavt with the hi s
enbodi meratergalonal of thé m&amdéaﬁr%gauwme %mne%hdm béweémm{ err]

L ol G ey 0 s 6 bl e
et el S Gl “g%f‘m yhish bl

Exampl e -é“%%‘c‘ B NONARUEOMS t he

out er nos ﬁmm$hmmwmt saarmnpbtai;zedana S%%&Q! ase enent

in the cfheelectoade araimmensely, necessitating an extremely thin electrode (100 -
200 microns). For this reason it is preferable to use metaliic foil of no more than
0.03 mm in thickness as current collectors for these electrodes. Electrodes
which have metallic foil of no more than 0.03 mm in thickness as the cumrent
collector have extremely little resiliency, however, insufficient to provide enough
return strength to allow electric conduction between the end of electrode and
metallic casing. Accordingly, the only method adopted for obtaining.the electric
conduction between the electrode and mefallic casing in conventional non-
aqueous cylindrical batteries is to spot weld the electrode lead taken from the
electrode element to the botfom of the metalfic casing as mentioned previously.

In cases where the electric conduction befween the electrode and the
mefalflic casing is obtained by spot welding the electrode to the metallic casing
bottom, sufficient welding cannot be performed if the electrode lead is wet. As
such the battery element had to first be put into the metallic casing and the
electrode lead spot welded to the bottom of the metallic casing before the
electrolyte could be impregnated into the battery element. [f the necessary
quantity of electrolyte is injected at one time with the battery element already
inside the metallic casing it would overflow from the metallic casing, meaning
that only a small amount could be injected at one time. In the actual production
process, therefore, a considerable amount of time is allowed for the
impregnating of the electrolyte, with a little electrolyte being injected each of
three to five times, with a vacuum being created for each injection. The
electrolyte injection process is a significant barrier in terms of actual mass
production.

Additionally, there is a problem with maintaining safety with conventional
batteries in which the battery element is coiled. Because large currents can be
obtained from coiled battery elements, an accidental external short circuit would
result in the flow of an extremely large short circuit current. In such cases all
currents which are generated at all electrodes would pass through the electrode
leads, with the heating of the electrode leads being a safety problem. There are
cases, particularly with non-aqueous batteries (lithium batteries and lithium ion
secondary batteries) which use combustible organic electrolyte, in which the
electrode leads overheat and become the source of ignition, causing the battery
to catch fire.

Accordingly, the reduction of electrode lead resistance is of great
importance, not only in reducing the internal resistance of batteries, but aiso in
respect of safety measures in that reduce overheating of electrode leads when
large currents are flowing through them.




casin Rﬁﬁﬁg‘[;bﬁ@{sﬁg‘nmﬁgﬁ’ﬁ outside diameter of the nmetallic casing enables
ectrccomdtrett op bet ween the negative el ectrode and netal lic casing

n t bl o, the outside dianmeter (B) of the nmetallic casing
@é&ﬁﬁg‘ﬂal |

arger than the outside dianeter (A of the nmetallic
n.the. finishell pattery, (B > A), and the "outside dianeter of the
bottont (C) of tpe metallic casing iS5 no nor-e than the outside

al lic casing in the finished battery, (A [err] C).

As such, there no chan e in the "outside dianeter of he casin pt ton
even after Swa@ﬁ‘u ﬁﬂ m&ﬂﬁ@mm&@'&&ﬁqﬁ’

t he Swagi €@F posm\gg)sleaddﬁ)m then eolied batienvelementds weided por
maki ng bathe bottonwof metaucmﬁngum.\themammmneo(meww aasing)isithe | n

convent i oexterhal tebminatefithe mdmésm posiiive) eloctriderting laadd (6) afthe dther
fol l ows. Bidgtiod e“‘tﬁé‘ﬁsvtﬁe i) dlestrbde,ds tetded o6 §id (2) trakow

d
cr eat ex ygtﬁeh &;ﬂamorm gfa: oo L%E%?{ga % e%fe&g%tilésed
casting ig sedad e length of the ele ead

convent i offflite fi ﬁﬂl‘\own i EiGs. 13 and 14, due o the way the electrode leads
are brought out, the way they are welded to the metallic casing and lid, and
welding conditions, in conventional cylindrical batteries the electrode leads are
normally fimited {0 a thin metallic plate the width and thickness of which are
normally 4 - 6 mm and 0.04 - 0.1 mm respecfively, and which needs fo be
reasonably long. That is to say, if the electrode lead is not narrow in width, it
would not be possible fo bring the lead out of the coil as shown in FIG. 13 (a),
and if it is too thick proper welding will be difficult. Furthermore, &s is shown in
FIG. 14, lead (6) is made sufficiently long fo allow fitting of lid (7) on the inside of
gasket (8), and as lead (5) welded to the center of the bottom of metallic casing
(4) dtilising the hole in the centre of the coiled battery element, lead (6) must be
long enough o reach an appropriate welding point. In this conventional battery,
therefore, it is not possible to sufficiently reduce the resistance value of the
electrode lead, leaving an element of uncertainty as to safety in the event of an
external short.

One problem that this invention seeks to solve is to realise the
manufacture of cylindrical batteries with a Swage Method which produces
batteries with a flat bottom, and provide a battery with high energy density.
Another problem the invention seeks to address in non-aqueous cylindrical
batteries which have battery elements made from coiled, strip-shaped
electrodes that have metallic foil of no more than 0.03 mm in thickness as
current collectors, is the reduction in defective batteries due to the poor electric
conduction between the metallic casing and electrode lead, and the
improvement of safety in the event of external shorts of said cylindrical batteries.

A method of solving the first problem is to have the external dimensions
of the metallic casing used when making a battery in which the outside diameter
of the metallic casing in the finished battery is A, satisfy the relationship L2 > A 2
L3. Here L2 is the outside diameter of the central part of the metallic casing,
and L3 is the “outside diameter of the casing bottom”.

Resolving the second problem entails separating with a separator a
strip-shaped positive electrode and negative electrode, which have metallic foil
of no more than 0.03 mm in thickness as a current collector, and winding them
up into a jelly roll to make a battery element, the coiling of which is finished so
that the end of electrode or electrode current collector of the negative electrode
or positive electrode is positioned on the outermost periphery of said batte!y
element, and housing the said battery element in a cylindrical metallic casing,
after which the outside diameter of the said cylindrical metallic casing is
reduced to strengthen the contact between the end of electrode or electrode
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end of both the strip-shaped positive el ectrode
re | eft exposed, to which electrode | eads of 4 mm
in w dth ifn jt hi ckness are wel ded. A separator is inserted
bet wegn |t he prepared medative el ectrode and positive el ectrode, then this
is woynd Into a]e rgll to make battery él enment (20) with an -average
out si de=dianeter of 17.2 nmm as shown in Fl 13 (a). 14 negative
el ectrode (1) is positioned at the outside of the coil. Wien winding is
conpl eted, separator (3) is positioned at the outernp é)ﬁr ' Eheré, as, shown
in FIG 1curent colleatoepasitioned an the-autarmest periphesy g é§ [y elemenl-; r ode
| ead (5) andithetinteonalwall of ¢he enetaliicocasing, teducing the c resistanosof n
FIG 14 (edntachbehetén the elastrode andthe metallic casingctol a sufficiently smallng (4)
so negatiygl ectrode lead (5) is in contact with the casing bottom the
spot wvel ders Qﬂe%%ﬁpgﬁﬂtﬁﬁt K& proposBE H hidtailib! casig,cthe‘dhageofiit i n the
centre of ubiism-8hd tHe Htnehision relationships of which differ from those of
conventional metallic casings. FIG. 1(a) is a cross-section of the mefallic
. casing prior fo the Swaging used in this invention, and FIG. 1 (b) is a cross-
section after Swaging. Metallic casings used in this invention are characterised
in that they have casing walls perpendicular to the casing bottom, exoept_ in the
vicinity of the casing bottom where the casing wall slants toward the casing
bottom, resulting in two bends: in the joining of the casing wall and casing
bottom. As shown in the detailed diagram, in FIG. 1 (a) the joining of casing
wall (12) and casing bottom (11) is accomplished with two bends represented
by R: and R;, thus making it possible to make the “outside diameter gf the
casing bottom” (L3) sufficiently small in comparison fo the outside duamgtgr (L2)
of the central part of the metallic casing. More specifically, the characteristic qf
the metallic casing prior to the Swaging used in this invention is that the outside
diameter of the metallic casing (L2 = B) is larger than the outside diameter of
the metallic éasing in the finished battery (L2 = A), (B > A), and the “out.side .
diameter of the casing bottom” (L3 = C) is no larger than the outside q(ameter of
the metallic casing in the finished battery (L2 = A), (A 2 C). Therefore, if the
metallic casing has the aforementioned dimensional relationship (L2 > A = !.3)
prior to Swaging, there will be no change in the “outside diameter of the casing
bottom" after Swaging, as shown in FIG. 1 (b), and thus there will be no bulging
of the metallic casing bottom during the Swaging process.
in the second proposed invention there is no need for an electrode lead
in at least one of either the negative electrode or the positive electrode in .the .
coiled battery element (20) as shown in FIG. 9. That is, electrodes used in this
invention are a strip-shaped electrode to which an electrode lead is not attached
as shown in FIG. 8 {a), and a strip-shaped electrode to which electrode lead (6)
is attached as shown in FIG. 8 (b). These are made by inserting a separator
and winding into a coil shape, then as shown in FIG. 9, completing the winding
so that the end of electrode or electrode current collector (31) of strip-shaped
electrode (1) to which an electrode lead is not attached, is positioned at the
outermost periphery rather than the separator (3). Electrode iead (6) taken from
one of the electrodes of the said battery element is welded to lid (7; normally
also functions to prevent explosions) appropriately installed inside gasket (8).
as shown in FIG. 10 (a). Following this, the said battery element is impregnated
electrolyte, the battery element housed in cylindrical metallic casing (4) thg
outside diameter (L2) of which is B, as shown in FIG. 11 (a), and the outside
diameter (L2) of said cylindrical metallic casing reduced to A, (B > A), as shown
in FIG. 11 (c). causing the end of electrode or electrode current collector
positioned on the outermost periphery of the aforementioned battery element
and the inside of the aforementioned metaliic casing to be in very close oonta_lct
over a broad area. Even with electrodes with poor resiliency that have metallic
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_ current collector (31) is positioned on the outermost periphery as shown in the
enlarged sectional view of FIG. 9 (b) so the said current collector is in close
contact with the inside of the metallic casing, allowing for sufficient electric
conduction between the electrode and the metallic casing. Naturally when the
active substance layer has sufficient conductivity, with end of electrode
positioned at the outermost periphery, even when there is an active substance
layer on both sides of the current collector, the active substance-layer at the
outermost periphery will be in close contact with the inside of the metallic
casing, enabling sufficient-electric conduction between the electrode and the
metallic casing. '
A machine marketed under the name Swager may be used to squeeze
the outside diameter of the metallic casing. FIG. 15 shows the principle
diagram for this machine. Held in die holder (23) and positioned in the centre is
die (22) which has a hole (21) of ¢X in diameter in the centre, and divided into
two in the centre, to the outside of which are attached several rollers (24) (FIG.
15 shows eight rollers). When die (22), which is split in two, rotates in the
direction of the arrow together with die holder (23), it comes into contact with a
roller (24) every 45° of rotation, die (22) is tightened to the inside and the central
gap in the split die (22) becomes smaller. Further fotation away from the rollers
(24) results in the central gap widening. This means that die (22) split in two,
approaches and withdraws, causing the diameter ¢X of the hole in the centre of
the die to increase and decrease in size. Inserting a cylindrical object into hole
(21) in the centre of die (22), which rotates, will squeeze the outside diameter of
the object when the die (22), split into two, approaches (that is because it is
tightened when diameter ¢X of the hole in the centre of the die becomes
smaller).
Use of the Swager allows the cylindrical battery of this invention to be
made by squeezing the outside diameter of the metallic casing. FIG. 16 (a)
~ shows a vertical cross-section of the central part of the Swager’s rotating die
(22). The left and right die approach and withdraw as shown by the arrows. As
shown in FIG. 16 (b), by inserting metallic casing (4) into the centre of the hole in
the centre of rotating die (22), the outside diameter of the metallic casing can be
squeezed to the outside diameter of the metallic casing in the finished battery.
The examples presented below will provide detailed explanations of the
aforementioned two inventions.
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FIG.8 shows replication of strip-shaped electrode.

FIG.9 shows replication of coiled battery element.

FIG.10 shows cross-section of coiled batfery element.

FIG.11 shows cross-section of battery in sealing process.

FI1G.12 shows cross-section of battery in sealing process.

FIG.13 shows cross-section of conventional coiled battery element .

FIG.14 shows cross-section of battery in oonven'aona! sealing process.

FIG.156 shows principle FIG. of Swager

FIG.16 shows principle FIG. of Swagmg

1 Negative electrode Positive electrode

3 Separator 4 Metallic casing

5 Negative electrode lead 6 Positive electrode lead
7 Sealing cap 8 Gasket _

9 Central welding point of cap 10 Positive external terminal
11 Casing bottom 12 Casing wall

15  PTC element 20 Battery element

21 Die hole 22 Die

23 Die holder 24 Roller

31 Current collector 32 Active substance layer
40  Aluminium rod 41 Hole in centre of coil
42  Striations

Example 1

The specific battery manufacturing procedures for the first invention will
be explained with reference to FIGs. 1,3 and 4. The battery element for the
implementation of this invention is prepared in the following manner.

First the negative electrode is prepared under the publicly known
conventional method as follows. Combine 87 parts by weight of mesocarbon
micro beads (doe = 3.37A) which have been heat treated at 2800°C with 3 parts
by weight of acetylene black and wet blend with 10 parts by weight of
polyvinylidene fluoride (PVDF) as a binding agent and N-methly-2-pyrrolidone as
solvent to make a wet slurry. Next, apply the slurry evenly to both surfaces of the
copper foil of 0.01 mm in thickness which is to be the negative electrode current
collector, and once it has dried, conduct pressurised casting with a roll press to
form a strip-shaped negative electrode. Have part of the current collector
exposed at one edge of the strip-shaped negative electrode and onto it weld a
nickel negative electrode lead.
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ake this spinel type Ixthlum-manganese oompound oxide into powder
form w1th an average particle size of 0.025 mm, and to 89 parts by weight of this
powder mix 3 parts by weight of acetylene black and 4 parts by weight of

graphite as conduction agents, and then wet blend with N-methyl-2-pyrrolidone
into which 4 parts by weight of PVDF has been dissolved as a binding agent, to
form a slurry Next, apply the slurry evenly to both surfaces of the aluminium foil

of 0.02 mm in thickness which is to be the positive electrode current collector,

and once it has dried, conduct pressurised .casting with a roll press to form a
strip-shaped posifive electrode. Have part of the aluminlum exposed at one

edge of the strip-shape positive electrode and onfo it weld an aluminium

positive electrode lead.

Insert a porous, polypropylene separator between the prepared negative
and positive electrodes and roll up to create a battery element (20) with an
average outside diameter of 17.4 mm. Then battery element (20) is housed in
metallic casing (4), a shown in FIG. 3 (a). This embodiment seeks to make a
battery in which the outside diameter (L2) of the metallic casing in the finished
battery is 18.0 mm, while the metallic casing used is a nickel-plated iron casing
with an outside diameter at the opening (L1) and outside diameter at the centre
part (L2) of 18.5 mm, “outside diameter of the casing bottom” (L3) of 17.5 mm,
and a height of 65 mm. The bottom of the said metallic casing is shown in the
detailed diagram of FIG. 1(a). The FIG. 1(a) shows that it has two bends
represented by R, and R, at the join of casing wall (12) and casing bottom (11),
making it possible to make the “outside diameter of the casing bottom” (L3)
sufficiently small in comparison to the outside diameter of the centre part of the
metallic casing (L2). That is, the characteristic of the metallic casing prior to the
Swaging used in this embodiment is that the outside diameter of the metallic
casing (L2 B = 18.5 mm) is larger than the outside diameter of the metallic
casing in the finished battery (L2 = A = 18.0 mm), (B >A), and the “outside
diameter of the casing bottom” of the metallic casing (L3 C = 17.5 mm) is no
more than the outside diameter of the metallic casing in the finished battery (L2
=A=18.0mm), (A2C).

On the other hand, the outside diameter of the battery element is 17.4
mm, and the inside diameter of the aforementioned metallic casing 17.9 mm,
making the outside diameter of the battery element 0.5 mm smaller than the
inside diameter of the casing, and allowing easy insertion of the battery element
into the metallic casing. Swaging is conducted after battery element (20) is
housed in metallic casing (4), and the outside diameter of the metallic casing
(except the area around the casing opening) reduced to 18.0 mm, as shown in
FIG. 3 (b). As the “outside diameter of the casing bottom” (L3) of the metallic
casing remains unchanged at 17.5 mm even after Swaging, as shown in the
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mstalled in the opening of the metallic casing, and the negative lead and
positive lead welded to the casing boftom and aluminium sealing lid (7; also
acts as an explosion-proof vaive), respectively, as shown in FIG. 4 (g). Next,
electrolyte is injected, sealing lid (7) fitted to the gasket, doughnut-shaped PTC
element (15) laid on top of and in contact with the sealing lid, positive external
terminal (10) laid on top, and the Swager used once again fo squeeze the
outside diamefer of the metallic casing opening (L1) to the same size as the
outside diameter of the central part of the metallic casing (L.2) (FIG. 4 (b)).
Finally, the caulking machine is adjusted fo a level where the tightening
pressure will not damage-the functions of the PTC element, and the edge of the
metallic casing caulked.and sealed fo make baftery (U) having the battery
structure shown in FIG. 4 (c) with an outside diameter of 18.0 mm, a hexght of 65
mm, and a flat boftom.
Example 2

Another specific example of the first invention will be explained with
reference to FIG. 5. First, battery element (20) with an average outside diameter
of 17.4 mm is made in exactly the same way as in Example 1. This example
also seeks to make a battery in which the outside diameter of the metallic
casing in the finished battery (L.2) is 18.0 mm using the same metallic casing
that was used in Example 1. Battery element (20) is housed in this metallic
casing and, as shown in FIG. 5 (a), the metallic casing is squeezed at a position.
60.5 mm from the casing bottom (near the metallic casing opening), and
striations (42) to support the gasket created. At the point in time when the
striations are created the relationship between the outside diameter of the
metallic casing opening (L1) and the outside diameter of the central part of the
metallic casing (L.2) is L1 = L2 = 18.5 mm. Next, as shown in FIG. § (a), gasket
(8) is installed at the opening of the metallic casing, and the negative lead and
positive lead welded to the casing bottom and sealing lid (7; also acts as.an
explosion-proof valve), respectively, as shown in FIG. 5 (a). Next, same
electrolyte as example 1 is injected, sealing lid (7) fitted in the gasket,
doughnut-shaped PTC element (15) laid on top of and in contact with the
sealing lid, positive external terminal (10) laid on top, and the Swager used to
squeeze the entire outside diameter of the metallic casing from the bottom to
the opening to reduce the outside diameter of the metallic casing to 18.0 mm
(FIG. 5 (b)). As shown in the detailed diagram of FIG.1 (b), the bottom of the
metallic casing after Swaging has an "outside diameter of the casing bottom”
(L3) which remains unchanged at 17.5mm even after Swaging, thus the bottom
of the metallic casing does not bulge in the Swaging process. Finally, the
caufking machine is adjusted to a level where the tightening pressure will not
damage the functions of the PTC element, and the edge of the metallic casing
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Furthermore, the creation of a lithium ion secondary battery using lath:um—
manganese oxide as the positive electrode active substance and carbon
material as the negative elecfrode active substance was indicated as a specific
embodiment of the first invention in Examples 1 and 2; this invention is
essenfially concerned with proposals for methods of making cylindrical
batteries, and can naturally be applied fo makmg cylindrical batteries for other
baftery systems.

Example 3 -

Specific procedures for making batteries will be explalned in relation to
the second invention, with reference to FIGs. 6, and 8 to 11. Preparation of the
battery element to implement the second invention differs from conventional
method and is as follows.

First dry blend 70 parts by weight of mesocarbon micro beads (dop =
3.37A) which have been heat treated at 2800°C with 20 parts by weight of pitch
cokes, then wet blend with N-methyl-2-pyrrolidone, into which 10 parts by weight
of polyvinylidene fluoride (PVDF) has been dissolved as a binding agent, to
create the negative electrode slurry. Apply the negative electrode slurry evenly to
both sides of copper foil of 0.01 mm in thickness which is to be the negative
electrode current collector, leaving only 56 mm on one side of the copper foil
uncoated, as shown in FIG. 8 (a). Once it has dried, conduct pressurised
casting with a roll press to prepare strip-shaped negative electrode (1) which
has high-density active substance layer (32) on current collector (31). As shown
in FIG. 8 (a), the end of electrode of prepared strip-shaped negative electrode (1)
has no active substance layer on one side surface of the current oollector with
current collector (31) exposed.

The positive electrode is made under the publicly known method as
follows. A spinel-type lithium-manganese compound oxide is synthesized as in
Example 1. Make this spinel-type lithium-manganese compound oxide into
powder form with an average particle size of 0.015 mm, and to 88 parts by
weight of this powder, mix 6 parts by weight of graphite as a conductive agent,
and then wet blend with N-methyi-2-pyrrolidone into which 6 parts by weight of
PVDF has been dissolved as a binding agent, to form a positive electrode slurry.
Next, apply the slurry evenly to both surfaces of the aluminium foil of 0.02 mm in
thickness which is to be the positive electrode current collector, and once it has
dried, conduct pressurised casting with a roll press to form, as shown in FIG. 8
(b), strip-shaped positive electrode (2) which has high density active substance
layer (32) on current collector (31). As with the positive electrode in Example 1,
have part of the current collector of strip-shaped positive electrode (2) exposed
at one end and onto it weld aluminium positive electrode lead (6) of 4 mm in
width and 0.04 mm in thickness.
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so at d of electrode w:th the exposed current oollector of
negative electrode (1) rather than separator (3), is positioned at the outermost
periphery. Additionally, as shown in FIG. 10 (a), lead (6) taken from the centre of
the battery element is welded to lid (7) which is installed inside gasket (8). After
this, electrolyte, consisting of a blended solvent of ethylene carbonate (EC) and
diethyl carbonate (DEC) into which 1 molk of Li PFg has been dissolved, is
impregnated into the said battery element, and put into cylindrical metallic
casing (4) as shown in FIG. 11 (a).
. This embodiment seeks to make a battery in which the outside diameter
(A) of the metallic casing of the finished battery is 17.5 mm, while the metallic
casing used is a nickel-plated iron casing with an outside diameter at the
opening (L1) and outside diameter at the centre part (L2) of B = 18.0 mm, _
“outside diameter of the casing bottom” (L3) of C = 16.5 mm, and a height of 65
mm. The outside diameter of the metallic casing used in this example (L2=B =
18.0 mm) is larger than the outside diameter of the metallic casing in the
finished battery (L2 = A = 17.5 mm), (B >A), and the “outside diameter of the
casing bottom” of the metallic casing (L.3 = C = 16.5 mm) is no more than the
outside diameter of the metallic casing in the finished battery (L2 = A = 17.5
mm), (A 2 C).

As a matter of interest, the inside diameter of the aforementioned metallic
casing is 17.4 mm, and as the outside diameter of the battery element is made
smaller than the inside diameter of the metallic casing the battery element can
be easily inserted into the metallic casing. After housing battery element (20) in
metallic casing (4), the metallic casing is squeezed down at a point 60.5 mm
from the casing bottom, as shown in FIG. 11 (b), and striations (42) to support
the gasket created. Following this, positive external terminal (10) is laid on top
and in contact with sealing fid (7), and the outside diameter of the metallic
casing squeezed to outside diameter of L2 = A = 17.5 mm, as shown in FIG. 11
(c). The edge of the metallic casing is then caulked to create battery (A) with a
structure having an outside diameter of 17.5 mm and a height of 65 mm, as
shown in FIG. 6.

In battery (A) made in this way, because the battery element (20) is
housed in metallic casing (4), after which the outside diameter of the metallic
casing is reduced, thus the end of electrode positioned at the outermost
periphery of the battery element is in very close contact over a large area with the
internal wall of the metallic casing. Naturally the degree of contact between the
end of electrode and internal wall of the metallic casing closely correlates to the
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contact between the end of electrode and the intemnal wall of the metallic casing.
As in this embodiment, D = 17.15 mm and d = 16.95 mm, (D-d) = 0.20 mm and,
as shown in the enlarged sectional view of FIG. 9 (b), since electrode current
collector (31) is positioned at the éutermost periphery of the battery element, the
said current collector is in appropriate close contact over a large area with the
inside of metallic casing (4). Thus, as in this embodiment, by setting (D-d)
appropriately, positioning the end of one electrode or current collector at the
outermost periphery of the battery element, housing it in a cylindrical metallic
casing and reducing the outside diameter of the metallic casing, good electric
conduction can be obtained between at least one electrode, without the need for
an electrade lead, and metallic casing (4),which is the electrode extemal
terminal. Furthermore, if (D-d) is too large the battery element may be overly
tightened, causing internal shorts. Other experiments confirmed that.if should
be 0 < (D-d) £ 0.3, with this embodiment being (D-d) = 0.20 mm. A preferable
range of (D-d) is about 0.1 mm to about 0.25 mm.

In this example also, the outside diameter of the metallic casing prior to
Swaging (L2 = B) is larger than the outside diameter of the metallic casing in the
finished battery (L2 = A), (B > A), and the “outside diameter of the casing bottom"
of the metallic casing (L3 = C) is no more than the outside diameter of the
metallic casing in the finished battery (L2 =A), (A 2 C). As such, there is no
change in the “outside diameter casing bottom” (L3) even after Swaging and no
bulging of the casing bottom of the metallic casing in the Swaging process.
Example 4 .

Another specific example of the second invention will be explained with
reference to FIG.s 7 to 10, and 12. A coiled battery element is made in the same
manner as Example 3, as shown in FIG. 9 (a). The aluminium rod(40) with
diameter 4.0 mm is inserted into the centre hole (41) of the battery element as
shown in FIG. 10 (b), and electrode lead taken from the centre of the coil is
welded to one end of the said aluminium rod. Following this, the same type of
electrolyte as was used in Example 1 is impregnated into said battery element
and, as shown in FIG. 12 (a), the battery element is then housed in the
cylindrical metallic casing with the side to which electrode lead (6) is welded
facing the casing bottom. This embodiment also seeks to create a battery in
which the outside diameter of the metallic casing in the finished battery is 17.5
mm, using the same metallic casing as used in Example 3. After housing the
battery element in metallic casing (4), the metallic casing is squeezed in at a
point 60.5 mm from the casing bottom, as shown in FIG. 12 (a), striations (42)
created to support the gasket, and gasket (8) is installed in the opening of the
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Positive external terminal (10) is then faid on top of and in contact with sealing
lid (7), and, as shown in FIG. 12 (b), the outside diameter of metallic casing B =
18.0 mm, is squeezed to A = 17.5 mm using the same method as in the
aforementioned example. The edge of the metallic casing is then caulked to
create battery (B) with a structure having an outside diameter of 17.6 mm and a
height of 656 mm as shown in FIG. 7. As electrode lead (6), which is welded to
one end of the aluminium rod, is in close proximity to the hole in the centre of the
coiled battery element it need only be a mere 4 mm in length. In the end, in
battery (B) made in this embodiment, electrode lead with a tiny cross-sectional
area of 0.16 mm?® has a mere 4 mm lying between the battery element and the
external terminal.

This example also seeks to create a battery in which the outside diameter
of the metallic casing in the finished battery is 17.5 mm, using the same
metallic casing with an outside diameter of 18.0 mm as used in Example 3, and
as the end of negative electrode (1) is positioned at the outermost periphery of
the battery element, by housing the battery element in the cylindrical metallic
casing and reducing the outside diameter of the metallic casing enables good
electric conduction between the negative electrode and metallic casing (4).

In this example also, the outside diameter (B) of the metallic casing prior
to Swaging is larger than the outside diameter (A) of the metallic casing in the
finished battery, (B > A), and the “outside diameter of the casing bottom” (C) of
the metallic casing is no more than the outside diameter (A) of the metallic
casing in the finished battery, (A 2 C). As such, there is no change in the

“outside diameter of the casing bottom" even after Swaging and no bulging of
the bottom of the metallic casing in the Swaging process.
Comparative Examples

The conventional procedures for making batteries will be explained with
reference to FIGs. 13 and 14. In conventional battery-making methods the
battery element is prepared as follows.

First, negative electrode (1) and positive electrode (2) are created with the
same method as in the aforementioned example, with the current collectors
coated with an active substance layer, then pressurised casting is conducted to
make strip-shaped electrodes. Under the conventional method, part of the
current collector at one end of both the strip-shaped positive electrode and
negative electrode are left exposed, to which electrode leads of 4 mm in width
and 0.04 mm in thickness are welded.

A separator is inserted between the prepared negative electrode and
positive electrode, then this is wound into a jelly roll to make battery element
(20) with an average outside diameter of 17.2 mm, as shown in FIG. 13 (a).
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bottom. Thus, battery made in this comparative example having an outside
diameter of ¢18 mm requires a 13mm negative electrode lead. Lid (7) is
welded to positive electrode lead (6) taken from battery element (20) housed in
the metallic casing, as shown in FIG. 14 (a).This is followed by the injection-into
the metallic casing a little at a time over five occasions of the same electrolyte
as used in Example 1. The method involves a vacuum being created inside the
metallic casing each time the electrolyte is injected, after which the electrolyte is
injected, followed by pressurisation to promote the impregnation of the
electrolyte info the battery element. After this, electrode lead (6) is folded, as
shown in FIG. 14 (b), lid (7) fitted inside gasket (8), positive external terminal
(10) laid on top of and in contact with lid (7), and the edge of the metallic casing
caulked and sealed to create battery (C) with the battery structure of an outside
diameter of 18 mm and a height of 65 mm, as shown in FIG. 14 (b).

In baftery-making procedures under this conventional method, electrode

lead (6) needs to be long enough to fold o ensure the appropriate installment of
lid (7) in the process of installing lid (7) inside gasket (8). The length electrode
lead (6) needs to be in order for it to be folded differs according fo the outside
diameter of the battery, that length being 22 mm in the case of the battery with an

outside diameter of §18 mm in this comparative example. Ultimately, in battery
(C) of this comparative example, electrode lead with a very small cross-
sectional area of 0. 16 mm* and a length of 35 mm when those of the positive
electrode and negative electrode are combined, lies between the battery
element and the external terminals.

As conducted in Examples 3 and 4, with this invention, by positioning the
end of electrode of the negative electrode at the outermost periphery of the
battery element, housing the battery element in the metallic casing and then
reducing the outside diameter of the said metallic casing, good electric
conduction between the negative electrode and the metallic casing can be
obtained, making it unnecessary to spot weld the negative electrode lead to the
casing bottom. This enables the battery element to be impregnated with
electrolyte and the battery element housed in the metallic casing, something
which will lead to significant improvements in the battery manufacturing
process. Specifically, this method in which the battery element is impregnated
with electrolyte and the battery element then housed in the metallic casing
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~ properly if the negative electrode lead is wet with electrolyte, necessitating a
method in which the battery element must first be housed in the metallic casing,
the negative electrode lead spot welded to the casing base, and the electrolyte
injected a little at a time over a number of times into the metallic casing and then
impregnated into the battery element.
Performance Experiment Results
Ten of each of battery (A), (B) and (C) were made in the aforementioned
manners on which performance experiments were conducted. Ten cycles of
charging-discharging were conducted by setting the charging voltage of each of
the batteties at 4.2 V, charging them for eight hours at a charging current of 500
mA,-then discharging at a discharge current of 500 mA to a cut-off voltage of 3.0
V. In the discharge characteristic of the tenth cycle, a discharge capacity of 1200
mAh at and average discharge voltage of 3.75 V was obtained for all, except one
of the ten (C) batteries of the comparative example. Table 1 shows the average
internal resistance values for each type of battery after charging for the tenth

casin ?1?
ce batteries of great reliability and safety for a

cycle.
Table 1
Battery Type No. of Samples internal Resistance
) (milliohms)
Battery A 10 ' 53
Battery B 10 50
Battery C 9 ' 62

The above results show that batteries (A) and (B) of this invention
achieved a 15 - 20% reduction in internal resistance without any deterioration of
discharging characteristics in comparison with battery (C) of the conventional
method. This is because this invention allows the electrode lead, which needs
to have a very small cross-sectional area, to be made very short. A 15 -20%
reduction in internal resistance means a 15 -20% reduction in the internal
heating of the battery even when large currents are being discharged, which is
of great significance from a safety perspective. In conventional battery (C) the
entire 15 -20% of extra heat arises only at the electrode leads which have very
small heat capacity in relation to the total heat capacity inside the battery,
leading to large temperature rises of the electrode leads when large currents
are being discharged. This means that the electrode leads may become the
source of ignition, particularly in the lithium ion secondary battery shown in this
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In contrast, batteries (A) and (B) of the embodiments involved the battery
element being housed in a cylindrical metallic casing, and the outside diameter
of the said metallic casing being reduced, thus enabling very close confact over
a la_rge area between the end of electrode (electrode current collector)
posmoned_ at the outermost periphery of the battery element and the inside of
the metallic casing. This means that there will be no batteries which do nat
function due to poor electric conduction between the metallic casing and the
electrode.

] .Furthermore, in Examples 3 and 4, a specific embodiment for the second
m\{entlon indicated a lithium ion secondary battery using lithium-manganese
oxide as the positive electrode active substance, and a carbon material as the
negative electrode active substance; this second invention is essentially
concerned with proposals for methods of obtaining the electric conduction
betwqen electrodes and the external terminals. Non-aqueous cylindrical
bgttenes naturally can be applied to other battery systems if they are batteries
with a battery element that has a coiled structure.

. As. the “outside diameter of the casing bottom” (L3 = C) of the metallic
casing prior to Swaging in this invention is no more than the outside diameter of
the meta!lic casing (L2 = A) in the finished battery, (A 2 C), there is no change in
the “oytslde diameter of the casing bottom” (L3) even after Swaging. Thus,
there is no bulging of the bottom of the metallic casing in the Swaging process,
enaplsng batteries with the same external appearance as conventional batteries
(having a flat bottom) to be made with the Swage Method, and making possible
battery manufacturing by the Swage Method characterised by boosted capacity
due to a bigger battery element diameter.

o Furthermore, the coiled battery element in this invention is made by
finishing the winding so as the end of electrode or electrode current collector of
the.negative electrode or the positive electrode is positioned at the outermost
periphery of the battery element, then the said battery element is housed in the
metallic casing, after which the outside diameter of the said metallic casing is
reduced, thus the end of electrode or electrode current collector positioned at
the outermost periphery of the battery element is in very close contact under high
contact pressure with the inside wall of the metallic casing. This ensures the
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invention there will be no batteries which do not function fully due to poor electric
conduction between the metallic casing and the electrode, boosting battery
reliability. As this invention requires only a very short electrode lead, which
needs to have a very small cross-sectional area, there is also no concem about
temperature rises in the electrode lead due to the passage of large currents.
This removes the danger of batteries wtchmg fire when the electrode lead
becomes the source of tgnmon. particularly in non-aqueous cylindrical batteries
which use combustible orgamc electrolyte. Eliminating the need to spot weld
the electrode lead to the casing bottom also allows the housing of the battery
element after electrolyte has been impregnated into the battery element,
enab!mg the removal of the process of injecting electrolyte into the metallic
casing, which has seriously hampered productivity.

As a result, the mass supply of high performance batteries of great
reliability and safety for a broad range of applications has been made possible,
having enormous industrial value. :
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CLAIMS :

1.A cylmdncal battery comprising a metallic casing used for the making
of cylindrical battety in which the outside diameter of the mefallic casing of the
finished battery is L2 = A, and characterized by the external dimension of the
metallic casing satisfying the relationship L2>A=L3, L2 being the outside
diameter at the central part of the metallic casing, and L3 being *the outside
diameter of the casing bottom", as shown in FIG. 1(a), in a cross-section of the
cylindrical metallic casing, the outside diameter (L3) measured at the point
where the extended lines (X- Y) of the flat casing bottom inner surface and the
casing wall external surface cross (P and Q) being defined as “the outside
diameter of the casing bottom".

2.A metallic casing for cylindrical batteries oompnsmg said metallic
casing being used for the makmg of cylindrical batteries in which the outside
diameter of the metallic casing of the finished battery is L2 = A, and
characterized by the external dimension of the metallic casing satisfying the
relationship L2>A=L3, L2, A and L3 are as defined above.

. 3.A non-aqueous cylindrical battery comprising a battery element, which
consists of a strip-shaped positive electrode and negative electrode, which have
metallic foil of no more than 0.03 mm in thickness as current collectors, being
separated by a separator and wound into a jelly roll and being housed and
sealed in a cylindrical metallic casing; in which said non-aqueous cylindrical
battery an end of electrode or electrode current collector of either the positive
electrode or negative electrode is positioned on the outermost periphery of the
aforementioned battery element, and after the said battery element has been
housed in the aforementioned metallic cylindrical casing the outside diameter of
the said cylindrical casing is reduced to give the non-aqueous cylindrical battery
with the characteristic of increased “contact strength” between the
. afarementioned end of electrode or electrode current collector which is
positioned at the outermost periphery of the battery element and the inner wall of
the aforementioned metallic casing. The aforementioned “contact strength” is
defined as the difference (D-d) between the maximum outside diameter value
- (D mm) of the battery element prior to insertion in the metallic casing and the
maximum inside diameter value (d mm) of the metallic casing in the finished
battery.

4.A non-aqueous cylindrical battery as defined in Claim 3 which is
characterized by the “contact strength” satisfying 0<(D-d)<0.3.

5. Anon-aqueous cylindrical battery as defined in Claim 3 or 4 which is
characterized by the battery element being inserted into the metallic casing after
impregnation with electrolyte.

6. A non-aqueous cylindrical battery as defined in Claim3 to 5 comprising
a cylindrical battery formed by housing a battery element in a cylindrical metallic
casing and the opening of said cylindrical metallic casing having a lid affixed to it
via a gasket and being sealed; in which cylindrical battery a metallic rod is
inserted into the hole in the centre of the aforementioned battery element, to one



REPLACEMENT SHEET —

osser _ g

19

end of which said metallic rod is welded iti
a positive electrode lead or a negati
electrode lead, and to the other end of which is welded the aforementioneegda tl:‘c;e
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ABSTRACT

Cylindrical Battery

To provide a method which allows a battery with a flat base to be
produced in a cyfindrical battery manufacturing method in which a metallic
casing with a larger outside diameter than the outside diameter of the metallic
casing in the finished battery is used, a battery element is housed in the said -
metallic casing, then the outside diameter of the mefallic casing reduced; to
reduce the occurrence of defective batteries due to deficient electric conduction.
between thg mefallic casing and the electrode lead; and to improve the safety of
the said cylindrical baftery in the event of an outside short circuit.

. Inthe making of a baftery in which the outside diameter of the metallic
casing in the finished batfery is A, the outside diameter of the mefallic casing
used' Is made fo safisfy the relationship L2 > A 2 L3. The battery element, made

by winding in a coil shape, is wound so that when winding is completed the end
of electrode or electrode current collector of either the negafive electrode or the
positive electrode is positioned at the outermost periphery of the battery
e!ement.. then the said battery element is housed in a cylindrical metallic casing,
after which the' outside diameter of the said metallic casing is reduced to
strengthen the contact between the end of electrode or electrode current
pollector posifioned at the outermost periphery of the baftery element and the
internal wall of the metallic casing, and make the resistance electric of contact
between the electrode and metallic casing sufficiently smail.

Figure 1



