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The present mnvention provides a manufacturing device of a
battery case including a first mold including a first space part
having a shape corresponding to a storage part formed
therein; a second mold mncluding a second space part having
a shape corresponding to the storage part and a through-hole
communicating with the second space part formed therein,
and coupled to the first mold with a laminate sheet inter-
posed therebetween; and an air pressure regulator mounted
in the through-hole 1n a state 1n which the first space part and
the second space part are i1solated from the outside, and

increasing or decreasing an air pressure of the second space
part through the through-hole to stretch and modity the

laminate sheet into a shape corresponding to the first space
part or the second space part.
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FIG. 4

FIX LAMINATE SHEET TO FIRST MOLD
AND SECOND MOLD (210)

CHANGE AIR PRESSURE OF SECOND SPACE PART (220)

STRETCH LAMINATE SHEET (230)
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MANUFACTURING DEVICE OF BATTERY
CASE HAVING IMPROVED
MANUFACTURING PROCESSABILITY AND
MANUFACTURING METHOD USING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application 1s a divisional of U.S.
patent application Ser. No. 15/762,786, filed Mar. 23, 2018,

which 1s a national phase entry under 35 U.S.C. § 371 of
International Application No. PCT/KR2017/002631, filed
Mar. 13, 2017, which claims priority to and the benefit of

Korean Patent Application No. 10-2016-0032092 filed in the
Korean Intellectual Property Oflice on Mar. 17, 2016, the
disclosures of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to a manufacturing
device of a battery case having improved manufacturing
processability and a manufacturing method using the same.

BACKGROUND

[0003] As technology development and demand {for
mobile devices increase, the demand for secondary batteries
as energy sources 1s rapidly increasing. In particular, among
the secondary batteries, a number of researches and com-
mercialization of a lithium secondary battery having a high
energy density and a discharge voltage have been conducted.
[0004] Typically, in view of a shape of the battery, there 1s
a high demand for a prismatic secondary battery and a pouch
type secondary battery that are applicable to products such
as mobile phones, etc., due to a thin thickness, and 1n view
of a material of the battery, there 1s a high demand for
lithium secondary batteries such as a lithium 1on battery and
a lithium 1on polymer battery having high energy density,
discharge voltage, and output stability.

[0005] The secondary battery may be classified into a
cylindrical battery cell, a prismatic battery cell, and a pouch
type battery cell, etc., depending on 1ts shape. Of these, the
pouch type battery cell that 1s capable of being stacked with
a high degree of integration, has a high energy density per
unit weight, 1s mexpensive, and 1s easy to be modified are
attracting much attention.

[0006] The pouch type secondary battery includes a flex-
ible laminate sheet as a battery case, and has a structure 1n
which an electrode assembly and an electrolyte solution are
embedded 1n a storage space molded 1n an electrode assem-
bly shape on the laminate sheet.

[0007] Meanwhile, the secondary battery 1s also used as
the energy source gradually even in fields where large-
capacity electric power 1s required, such as electric vehicles,
hybrid vehicles, and electric power storage devices, etc., as
well as small-sized mobile devices or household appliances,
or the like. Accordingly, the demand for the secondary
battery having a large capacity 1s drastically increased as
compared to the conventional secondary battery having a
small capacity.

[0008] A charge/discharge capacity of the secondary bat-
tery 1s proportional to an area of an electrode plate and the
number of electrode plates. As the area and the number of
the electrode plates are increased, a thickness of the elec-
trode assembly 1s increased.
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[0009] Corresponding to this, a shape of the battery case
1s also required to have a storage part having a deep depth
so that the electrode assembly having a relatively thick
thickness 1s stored.

[0010] Generally, a method 1n which the laminate sheet 1s
stretched to a desired depth by using a punch that presses the
sheet downward 1n a state in which the storage part fix the
laminate sheet, 1s used.

[0011] However, due to a limit of flexibility of the lami-
nate sheet and 1Irictional force applied when the sheet 1s
pressed by the punch, there are problems that appearance
defects such as pin-holes, cracks, or the like, occur on an
outer surface of the stretched laminate sheet at a predeter-
mined depth or more, and accordingly, it 1s dithicult to form
the depth of the storage part deeply so that the electrode
assembly having a large capacity 1s capable of being accom-

modated.

[0012] Therefore, there 1s a high need for a manufacturing
device of a battery case that i1s capable of overcoming the
above-described technical problem, 1.e., that 1s capable of
torming the depth of the storage part deeply without causing
the appearance defects.

Technical Problem

[0013] The present mvention aims to solve the above-
described problems of the conventional art and technical
problems required from the past.

[0014] In detail, the present invention has been made in an
cllort to provide a manufacturing device having advantages
of minimizing frictional force at the time of forced stretch-
ing of a laminate sheet, and specifically, provide a manu-
facturing device and a manufacturing method having advan-
tages of manufacturing a battery case having a desired shape
and quality by imnducing stretching of the laminate sheet by
an air pressure instead of a pressurizing means such as a
punch for inducing forced stretching in a state of being in
contact with the laminate sheet.

Technical Solution

[0015] An exemplary embodiment of the present inven-
tion provides
[0016] a manufacturing device of a battery case 1n which

a storage part for mounting an electrode assembly for a
secondary battery 1s formed on a laminated sheet, the
manufacturing device including:

[0017] a first mold including a first space part having a
shape corresponding to the storage part formed therein;

[0018] a second mold including a second space part hav-
ing a shape corresponding to the storage part and a through-
hole communicating with the second space part formed
therein, and coupled to the first mold with the laminate sheet
interposed therebetween; and

[0019] an air pressure regulator mounted 1n the through-
hole 1 a state in which the first space part and the second
space part are 1solated from the outside, and increasing or
decreasing an air pressure of the second space part through
the through-hole to stretch and modily the laminate sheet
into a shape corresponding to the first space part or the
second space part.

[0020] Since the manufacturing device induces stretching
of the laminate sheet 1n accordance with increase or decrease
in air pressure, the frictional force applied to the laminate
sheet during the stretching process may be remarkably low
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as compared to a structure 1n which the laminate sheet i1s
pressed 1n a direct contact state, for example, a deep drawing,
method using a punch, thereby preventing defects such as
cracks and pinholes and stretching the laminate sheet in the
form of a storage part having a deeper depth.

[0021] Further, 1n the structure, since complicated pres-
surizing means such as a punch and a hydraulic cylinder for
lifting the punch may be omitted, the manufacturing device
may be constituted in a relatively compact structure, and
based on this, 1t 1s possible to provide economic advantages
in view of facility design and maintenance.

[0022] In the manufacturing device according to the pres-
ent 1vention, a coating layer for reducing frictional force
with the laminate sheet may be added to an inner surface of
the first and second space parts. For example, the coating
layer may be a Tetlon resin having a friction coeflicient of

0.03 to 0.04.

[0023] Generally, the laminate sheet has a characteristic of
a soit packaging material to be excellent 1n stretchability
against an external force, but has a low mechanical rigidity.
For this reason, the {frictional force 1s formed on the
stretched laminate sheet 1n a state 1n which the laminate
sheet 1s 1n close contact with each of the space parts which
are mner surfaces of the first and second molds.

[0024] Since the frictional force acts as a load on the
stretched laminate sheet, a lower flexibility than an inherent
flexibility of the laminate sheet 1s formed at a portion where
the laminate sheet and the inner surface of the space parts are
in close contact with each other.

[0025] Accordingly, when a pressing force stronger than
the flexibility formed by the frictional force 1s applied, the
sheet may be forcibly stretched but the crack may occur on
the outer surface.

[0026] For this reason, 1t 1s diflicult to set the air pressure
for inducing the stretching of the laminate sheet to be large,
and substantially, 1n consideration of the fact that the depth
of the storage part 1s determined by the pressing force by the
air pressure, a range of the air pressure should be set within
a range where no crack occurs.

[0027] Accordingly, in the manufacturing device accord-
ing to the present invention, at the time of pressing, the
coating layer having a relatively low Iriction coeflicient 1s
formed on the 1mner surfaces of the first space part and the
second space part that are 1n close contact with the laminate
sheet, and thus 1t 1s possible to minimize deterioration 1n
flexibility inherent to the sheet at a portion where the
laminate sheet and the punch are in close contact with each
other, thereby forming the depth of the storage part relatively
deeply while suppressing the occurrence of crack.

[0028] Herematter, a structure in which the first mold, the
second mold, and the storage part are formed 1s described 1n
turther detail with reference to the following non-limiting
examples.

[0029] In one specific example, the first mold may include
first fixing parts that are 1n close contact with a lower surface
of the laminate sheet along an outer periphery adjacent to a
portion for forming the storage part in the laminate sheet;

[0030] the second mold may include second fixing parts
that are i close contact with an upper surface of the
laminate sheet along an outer periphery adjacent to a portion
for forming the storage part in the laminate sheet; and
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[0031] the first space part and the second space part may
be 1solated {from the outside in a state in which the laminate

sheet 1s fixed between the first fixing parts and the second
{ixing parts.

[0032] In addition, as described above, the first space part
and the second space part may be isolated from each other
by the laminate sheet 1n a state 1n which the laminate sheet
1s fixed between the first fixing parts and the second fixing
part.

[0033] Therelore, the laminate sheet positioned 1n the first
space part and the second space part may be 1solated from
the outside, and 1n particular, may be modified correspond-
ingly when the air pressure in the second space part is
changed.

[0034] In one specific example, the air pressure regulator
may decrease an air pressure of the second space part
through the through-hole, and the laminate sheet may be
modified into a shape corresponding to the second space part
while being stretched 1n a direction of the second space part
in response to the decrease 1n pressure of the second space
part.

[0035] In this structure, the air pressure of the second
space part becomes lower than the air pressure of the first
space part, and the laminate sheet moves 1n the direction of
the second space part based on the first space part. At this
time, the laminate sheet 1s slowly stretched and 1s molded 1n
a shape 1n which the laminate sheet 1s 1n close contact with
the 1ner surface of the second space part.

[0036] Here, a degree of the decrease 1n pressure of the
second space part through the air pressure regulator may be
set 1n consideration of a thickness of the laminate sheet and
a desired depth of the storage part. However, when the
degree of the decrease 1n pressure 1s set to be excessively
high 1n order to simply increase a volume and a depth of the
storage part, defects such as cracks and pinholes on the sheet
surface may be caused due to excessive stretching and
frictional force on the laminate sheet, the through-hole may
be sealed by a portion of the laminate sheet before being
molded 1n a desired storage part form.

[0037] In addition, the laminate sheet includes a resin
layer and a metal layer, due to a characteristic of a materal,
when sheet 1s excessively thin, a small amount of moisture
particles may be transmitted through the resin layer. In
particular, the transmission phenomenon may be promoted
at a portion where the thickness 1s relatively thinned due to
the stretching.

[0038] Accordingly, 1t 1s preferable that the laminate sheet
has a thickness capable of securing reliability with respect to
moisture even 1n the state that the laminate sheet 1s stretched.

[0039] Accordingly, the present inventors found that at the
time of decreasing the pressure by sucking air at a pressure
of 10x10° dyn/cm” to 99x10° dyn/cm” by the air pressure
regulator, the previously described two conditions may be
satisfied, that 1s, the reliability of moisture permeation
through the storage part may be secured without causing
defects and through-hole blocking caused by excessive
stretching of the laminate sheet.

[0040] In some cases, the decreasing in pressure of the
second space part may be progressively performed from a
relatively high pressure to a low pressure satisitying the
above-described pressure range.

[0041] Meanwhile, a vertical cross-sectional area of the
through-hole through which the air tlows may have a size of
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0.01% to 5% compared to a total area of the laminated sheet
positioned 1n the second space part before the decrease in
pressure.

[0042] When the vertical cross-sectional area 1s less than
the above range, an excessive suction pressure may be
formed 1n the through-hole, and the laminate sheet adjacent
to the through-hole may be torn. When the vertical cross-
sectional area 1s more than the above range, a portion to be
turther stretched through the through-hole 1n the laminate
sheet may be formed relatively wide, and a shape of the
through-hole may be formed 1n the laminate sheet, and thus
the storage part may not be molded 1n a desired form.
[0043] As described above, a plurality of through-holes
satistying the size range may be formed 1n the second mold
so as to prevent the laminate sheet 1n an undesired form due
to the through-hole from being molded, and to prevent the
sheet from being damaged.

[0044] In another specific example, the air pressure regu-
lator may increase the air pressure of the second space part,
and the sheet may be modified 1into a shape corresponding to
the first space part while being stretched 1n a direction of the
first space part 1n response to the air pressure formed 1n the
second space part.

[0045] In this structure, the air pressure of the second
space part becomes higher than the air pressure of the first
space part, and the laminate sheet moves 1n the direction of
the first space part based on the second space part. At this
time, the laminate sheet 1s slowly stretched and 1s molded in
a shape 1n which the laminate sheet 1s 1n close contact with
the mner surface of the first space part.

[0046] Here, similar to the above-described decrease 1n
pressure, the air pressure regulator may increase a pressure
in a pressure range in which reliability with respect to
moisture permeation through the storage part may be
secured without causing excessive stretching of the laminate
sheet and through-hole blocking, and specifically, may
increase the pressure by introducing air at a pressure of
10x10° dyn/cm” to 99x10°> dyn/cm”.

[0047] In some cases, the decrease in pressure of the
second space part may be progressively performed from a
relatively low pressure to a high pressure satistying the
above-described pressure range.

[0048] The laminate sheet 1n the present invention means
a sheet composed of an upper layer of a polymer resin, an
intermediate layer of a barrier metal, and a lower layer of a
polymer resin.

[0049] The upper layer of the polymer resin 1s a resin layer
forming the outer surface of the battery case, and 1s required
to have tensile strength and weather resistance having a
predetermined level or more so as to have excellent resis-
tance to external environment. In this respect, polyethylene
terephthalate (PE'T) and stretched nylon film may be used as
the polymer resin of the outer layer of the resin.

[0050] The lower layer of the polymer resin may be
preferably formed of a polyolefin-based resin that has heat
tusion property (heat adhesive property) and low hygroscop-
icity to suppress penetration of an electrolyte solution, and
that 1s not swollen or eroded by the electrolyte solution.
[0051] Aluminum may be used as the intermediate layer of
the barrier metal so as to improve strength of a cell case in
addition to prevent the inflow or outtlow of foreign sub-
stances such as gas, moisture, and the like.

[0052] In general, the barrier metal plays a dominant role
in the stretching of the laminate sheet.
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[0053] Specifically, as the thickness of the barrier metal 1s
increased, a range in which the laminate sheet 1s capable of
being stretched may be relatively wide. However, when the
thickness thereof 1s excessively increased, tlexibility may be
deteriorated due to rigidity of the thicker barrier metal.

[0054] On the contrary, as the thickness of the barrier
metal 1s thinner, the range i which the laminate sheet 1s
capable of being stretched may be relatively narrow, but the
mechanical rigidity of the thin barrier metal may be low, and
thus the flexibility may be increased.

[0055] In particular, in the deep drawing method using a
punch, molding of the laminate sheet 1s performed by
instantaneous pressing of the punch, and thus 1t 1s advanta-
geous for the thickness of the barrier metal to be thick for
mechanical rigidity, wherein the thickness may be from
about 50 micrometers to about 150 micrometers. However,
since the manufacturing cost 1s greatly increased as the
thickness of the barrier metal 1s increased, the deep drawing
method has an economical disadvantage.

[0056] On the other hand, in the present invention, the
stretching of the laminate sheet 1s slowly induced by using
the air pressure, and thus the thickness of the barrier metal
1s preferably relatively thin. For this reason, the present
invention has an economical advantage compared to the
deep drawing method. Accordingly, in the present invention,
the thickness of the barrier metal may be 15 micrometers to
50 micrometers, and more specifically 25 micrometers to 50
micrometers.

[0057] When the thickness of the barrier metal 1s less than
15 micrometers, the stretching range may be narrow, and
thus the metal may break during the stretching process.
When the thickness thereof 1s more than the above range, 1t
1s not preferable since the stretching to air pressure 1s not
available.

[0058] Another embodiment of the present invention pro-
vides a manufacturing method for forming a storage part for
mounting an electrode assembly for a secondary battery on
a laminate sheet.

10059]

[0060] disposing the laminate sheet between a first mold
and a second mold, and coupling the first mold and the
second mold 1n a form 1n which a {first space part formed 1n
the first mold and a second space part formed 1n the second
mold are 1solated from each other;

The manufacturing method specifically includes,

[0061] changing a pressure of the second space part by a
through-hole communicating with the second space part of
the second mold and an air pressure regulator coupled to the
through-hole; and

[0062] stretching the sheet 1n a shape corresponding to the
first space part or the second space part 1n response to a
pressure change of the second space part.

[0063] That 1s, the method according to the present inven-
tion 1nduces the stretching of the laminate sheet by changing
the air pressure 1n an isolated space. Thus, the frictional
force applied to the laminate sheet during the stretching
process may be remarkably low as compared to the general
deep drawing method, and accordingly, the laminate sheet
may be stretched to a deep depth, thereby providing excel-
lent advantages 1n view of manufacturing processability.

[0064] In this method, the pressure change may be per-
formed by selecting a process of decreasing a pressure by
sucking air 1 the second space part by the air pressure
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regulator, or a process of increasing the pressure by intro-
ducing air into second space part by the air pressure regu-
lator.

[0065] The decreasing of the pressure may be gradation-
ally performed by a primary decrease in pressure with a
pressure of 10x10° dyn/cm” to 60x10° dyn/cm” at an atmo-
spheric pressure, and a secondary decrease 1n pressure with
a pressure of 110% to 400% compared to the pressure of the
primary decrease in pressure.

[0066] Similar to this, the increasing of the pressure may
be gradationally performed by a primary increase in pressure
with a pressure of 10x10° dyn/cm” to 60x10° dyn/cm” at an
atmospheric pressure, and a secondary increase 1 pressure
with a pressure of 110% to 400% compared to the pressure
of the primary increase 1n pressure.

[0067] This 1s intended to gradually induce the stretching
of the laminate sheet to increase dimensional accuracy of the
storage part, and simultaneously, to prevent defects such as
cracks and pinholes that may occur when the laminate sheet
1s stretched 1n a short time.

[0068] Further, the increase in pressure and the decrease 1n
pressure by stages may induce relatively uniform stretching,
of each portion of the laminate sheet, for example, a portion
that 1s positioned in the first space and the second space and
1s directly pressurized by the air pressure, and a portion
engaged between the first mold and the second mold, and
thus the thickness of the storage part may be uniformly
formed.

[0069] Yet another embodiment of the present mmvention
provides a battery case including the storage part formed by
the manufacturing method as described above.

[0070] The storage part of the battery case may include an
clectrode assembly and an electrolyte solution embedded
therein, and 1n this state, an outer circumierential portion of
the battery case may be heat fused and sealed to form a
secondary battery.

DESCRIPTION OF THE DRAWINGS

[0071] FIG. 1 1s a schematic view of a manufacturing
device according to an exemplary embodiment of the pres-
ent 1nvention;

[0072] FIGS. 2 and 3 are vertical cross-sectional views of
the manufacturing device;

[0073] FIG. 4 1s a flow chart of a manufacturing method
according to an exemplary embodiment of the present
invention; and

[0074] FIG. 5 1s a schematic view showing a manufactur-
ing device according to another exemplary embodiment of
the present mnvention.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

[0075] Hereiatfter, the present invention will be described
with reference to the drawings according to Examples of the
present mnvention, which 1s provided for a better understand-
ing of the present ivention, and thus, the scope of the
present mvention 1s not limited thereto.

[0076] FIG. 1 1s a schematic view of a manufacturing
device according to an exemplary embodiment of the pres-
ent invention, and FIGS. 2 and 3 are vertical cross-sectional

views of the manufacturing device.
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[0077] Referring to these drawings, the manufacturing
device 1includes a first mold 110, a second mold 120, and an
air pressure regulator 150 connected to the second mold 120.

[0078] The first mold 110 includes a first space formed 1n
a shape corresponding to a shape of the storage part 12 1n the
battery case. The first mold 110 includes first fixing parts 114
that are in close contact with a lower surface of the laminate
sheet 10 along an outer periphery adjacent to a portion for
forming the storage part 12 in the laminate sheet 10.

[0079] The second mold 120 includes a second space
formed 1n a shape corresponding to a shape of the storage
part 12 1n the battery case.

[0080] The second mold 120 includes second fixing parts
124 that are 1n close contact with an upper surface of the
laminate sheet 10 along an outer periphery adjacent to a
portion for forming the storage part 12 1n the laminate sheet

10.

[0081] The second mold 120 further includes a through-
hole 126 communicating with the second space part 122 and

has a structure 1n which the air pressure regulator 150 1s
connected to the through-hole 126.

[0082] Although not shown separately 1n the drawings, a
coating layer having a low friction coethicient 1s coated on
iner surfaces of the first space and the second space so that
the frictional force with respect to the laminate sheet 10 1s
reduced 1n the first space and the second space in the present
invention.

[0083] The laminate sheet 10 1s disposed between the first
mold 110 and the second mold 120, and when the first fixing
parts 114 and the second fixing parts 124 are coupled to face
each other, and the laminate sheet 10 1s fixed between the
first mold 110 and the second mold 120 while being in close
contact with the first fixing parts 114 and the second fixing
parts 124.

[0084] Although not shown 1n the drawings, the coupling
between the first mold 110 and the second mold 120 may be
achieved by mechanical fastening means, such as a male or
female fastening structure or a threaded fastening structure.

[0085] When the first mold 110 and the second mold 120

are coupled as described above, the first space part 112 and
the second space part 122 are 1solated from the outside, and

only the second space communicates with the air pressure
regulator 150 via the through-hole 126.

[0086] In addition, in the state 1n which the laminate sheet
10 1s fixed between the first fixing parts 114 and the second
fixing parts 124, the first space part 112 and the second space

part 122 are 1solated from each other based on the laminate
sheet 10.

[0087] In this state, the laminate sheet 10 may be modified
while being stretched 1n a direction of the first space part 112
or the second space part 122 according to a change in air
pressure 1n the second space part 122.

[0088] In this regard, 3, FIGS. 2 and 3 schematically show

a series ol processes of forming the storage part 12 1n the
laminate sheet 10 using the change i1n air pressure in the
second space part 122.

[0089] First, referring to FIG. 2A, the air pressure regu-
lator 150 sucks air 1n the second space part 122 through the
through-hole 126 to decrease the air pressure of the second
space part 122.

[0090] In this state, the air pressure of the second space
part 122 1s lower than the air pressure of the first space part
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112, and the laminate sheet 10 1s slowly stretched while
moving in the direction of the second space part 122 based
on the first space part 112.

[0091] When the decrease 1n pressure 1s performed for a
predetermined time, as shown 1n FIG. 2B, the laminate sheet
10 1s molded 1n a state of being closely attached to the inner
surface of the second space part 122 to form the storage part
12 having the shape of the second space part 122.

[0092] In FIG. 2, the second space part 122 has a rectan-
gular structure on a vertical cross section, but may have an
amorphous structure including a round shape or a protrusion
and depression shape so that the storage part 12 1s molded
in various forms.

[0093] FIG. 3 shows a process of forming the storage part
12 by increasing the air pressure of the second space part
122, on the contrary to FIG. 2.

[0094] Referring to FIG. 3A', the air pressure regulator
150 introduces air into the second space part 122 through the
through-hole 126 to increase the air pressure of the second
space part 122.

[0095] In this state, the air pressure of the second space
part 122 1s higher than the air pressure of the first space part
112, and the laminate sheet 10 1s slowly stretched while
moving in the direction of the first space part 112 based on
the second space part 122.

[0096] When the decrease 1n pressure 1s performed for a
predetermined time, as shown 1n FIG. 2B', the laminate sheet
10 1s molded 1n a state of being closely attached to the 1nner
surface of the first space part 112 to form the storage part 12
having the shape of the first space part 112.

[0097] In FIG. 3, the first space part 112 has a rectangular
structure on a vertical cross section, but may have an
amorphous structure including a round shape or a protrusion
and depression shape so that the storage part 12 1s molded
in various forms.

[0098] Further, although not shown separately in the draw-
ing, when the laminate sheet 10 1s stretched to the first space
part 112, an opening through which air existing in the first
space part 112 may be exhausted to the outside may be
formed 1n the first space part 112.

[0099] FIG. 4 1s a flow chart of a manufacturing method
according to an exemplary embodiment of the present
invention

[0100] Referring to FIG. 4, first, in a process 210, the
laminate sheet 10 1s disposed between the first mold 110 and
the second mold 120, and the first mold 110 and the second
mold 120 are coupled 1n a form 1n which the first space part
112 formed 1n the first mold 110 and the second space 122
part formed in the second mold 120 are 1solated from each
other.

[0101] Here, the through-hole 126 communicating with
the second space part 122 may be connected to the air
pressure regulator 150, and thus the air pressure of the
second space part 122 may be changed by the air pressure
regulator 150. In the present invention, the air pressure
regulator 150 1s not particularly limited as long as it i1s a
device capable of modifying the air pressure, and {for
example, may have a structure 1mn which an air compressor
and a vacuum motor are combined.

[0102] Thereafter, in a process 220, the pressure of the

second space part 122 1s changed by the air pressure
regulator 150 to induce the stretching of the laminate sheet

10.
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[0103] Here, the pressure change may be performed by
selecting the process of decreasing a pressure by sucking air
in the second space part 122 by the air pressure regulator
150, or the process of increasing the pressure by introducing,

air 1nto second space part 122 by the air pressure regulator
150.

[0104] When the method of decreasing in pressure by
sucking air 1n the second space part 122 1s selected 1n the
process 220, a primary decrease in pressure with a pressure
of about 60x10° dyn/cm” at an atmospheric pressure, and a
secondary decrease in pressure with a pressure of 90x10°
dyn/cm® corresponding to about 150% compared to the
pressure of the primary decrease 1n pressure may be grada-
tionally performed.

[0105] In contrast, when the method of increasing 1in
pressure by itroducing air into the second space part 122 1s
selected 1n the process 220, a primary 1ncrease 1 pressure
with a pressure of about 60x10° dyn/cm” at an atmospheric
pressure, and a secondary increase in pressure with a pres-
sure of 90x10> dyn/cm” corresponding to 150% compared to
the pressure of the primary increase in pressure may be
gradationally performed.

[0106] The gradational change in pressure may gradually
induce the stretching of the laminate sheet 10 to increase
dimensional accuracy of the storage part 12, and simulta-
neously, to prevent defects such as cracks and pinholes that
may occur when the laminate sheet 10 1s stretched 1n a short
time.

[0107] Further, the gradational change in pressure may
induce relatively uniform stretching of each portion of the
laminate sheet 10, for example, a portion that 1s positioned
in the first space and the second space and 1s directly
pressurized by the air pressure, and a portion engaged
between the first mold 110 and the second mold120, and thus
the thickness of the storage part 12 may be uniformly
formed.

[0108] In the process 230, the laminate sheet 10 1is
stretched 1n a form corresponding to the first space part 112
or the second space part 122 in response to the pressure
change of the second space part 122, and 1s molded 1n the
storage part 12.

[0109] Meanwhile, FIG. 5 1s a schematic view showing a
manufacturing device according to another exemplary
embodiment of the present invention.

[0110] The manufacturing device 200 shown in FIG. 5 has
a structure similar to that of the manufacturing device shown
in FGIS. 1 to 3, and has the same stretching process for the
laminate sheet 20 as that of the manufacturing device.
However, the manufacturing device 1s different in that a

plurality of through-holes 226 are perforated in the second
mold 220.

[0111] Specifically, the second mold 220 includes the
plurality of through-holes 226 commumcating with the
second space part (not shown) and has a structure 1n which
an outer surface of the second mold 220 except the through-
holes 226 1s 1solated, and thus the second mold and the air
pressure regulator 150 may be coupled to each other, and 1n
some cases, each through-hole 226 may be connected to the
air pressure regulator 150.

[0112] The vertical cross-sectional area of each through-
hole 226 may have a size of about 1% or less compared to
a total area of the laminated sheet 20 positioned in the
second space part before the decrease 1n pressure.
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[0113] This structure allows the suction pressure to be
dispersed ito the plurality of through-holes without con-
centrating on any one of the through-holes, thereby prevent-
ing the laminate sheet from being stretched through the
through-hole or preventing excessive suction pressure from
being formed with respect to each of the through-holes, and
thus the laminate sheet 1s capable of being molded 1n a
desired shape.

[0114] Heremafiter, the manufacturing device according to
the present invention 1s described in detail with reference to
Examples and Comparative Examples.

EXAMPLE 1

[0115] In a state in which a laminate sheet having an area
of 400 mm~ was disposed between the first mold and the
second mold, the laminate sheet was molded by decreasing
an air pressure 1n the second mold using an air pressure
regulator connected to a through-hole formed in the second
mold.

[0116] Here, the air pressure regulator decreased the pres-
sure with a pressure of 50x10° dyn/cm®, a vertical cross-
sectional area of the through-hole was 19.5 mm?, a thickness
of the laminate sheet was 30 micrometers, and a barrier
metal of the laminate sheet was 15 micrometers.

EXAMPLE 2

[0117] A laminate sheet was molded 1n the same manner
as 1n Example 1 except that the air pressure regulator
decreased the pressure with a pressure of 99x10° dyn/cm?.

EXAMPLE 3

[0118] A laminate sheet was molded by using the manu-
facturing device having the same structure and the same
method as 1n Example 1 except that the vertical cross-
sectional area of the through-hole was 3 mm~.

COMPARATITV.

EXAMPLE 1

T

[0119] A laminate sheet was molded 1n the same manner
as 1n Example 1 except that the air pressure regulator
decreased the pressure with a pressure of 9x10°> dyn/cm”.

COMPARAIITV.

T

EXAMPLE 2

[0120] A laminate sheet was molded 1n the same manner
as 1 Example 1 except that the air pressure regulator
decreased the pressure with a pressure of 110x10° dyn/cm”.

COMPARATITV.

T

EXAMPLE 3

[0121] A laminate sheet was molded by using the manu-
facturing device having the same structure and the same
method as in Example 1 except that the vertical cross-
sectional area of the through-hole was 30 mm~.

EXPERIMENTAL EXAMPLE

[0122] Depths of storage parts of the laminated sheets
molded in Examples 1 to 3 and Comparative Examples 1 to
3 were measured, and results are shown in Table 1 below.
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TABLE 1

Depth of storage part

Example 1 0.5 mm
Example 2 10.2 mm
Example 3 10.7 mm
Comparative Example 1 2.7 mm

Not measurable
Not measurable

Comparative Example 2
Comparative Example 3

[0123] As shown 1n Table 1, when the laminate sheet was
molded using the manufacturing device under the conditions
according to Examples 1 to 3, the storage part was formed
to have a depth at which the electrode assembly was capable
of being stored.

[0124] On the other hand, 1n Comparative Example 2, a
portion of the laminate sheet was torn and the depth was not
measurable. It was thought that the tear of the laminate sheet
occurred since the decrease 1n pressure was performed under
relatively high pressure, resulting in excessive stretching of
the laminate sheet.

[0125] Further, in Comparative Example 3, since the lami-
nate sheet was hardly molded, the depth was not measurable.
It was thought that the laminate sheet was hardly molded
since suflicient vacuum pressure was not applied to the
laminate sheet due to the relatively wide through-hole.
[0126] In Comparative Example 1, the depth of the storage
part that was actually usable was not formed. Thus, 1t could
be appreciated that the laminate sheet was not stored 1n a
desired form under low pressure as 1n Comparative Example
1

[0127] It will be understood by those skilled 1n the art that

various modifications and change can be made 1n the scope
of the present invention based on the above description.

INDUSTRIAL APPLICABILITY

[0128] As described above, since the manufacturing
device and the manufacturing method according to the
present invention induces stretching of the laminate sheet in
accordance with increase or decrease in air pressure, the
frictional force applied to the laminate sheet during the
stretching process may be remarkably low as compared to a
structure 1 which the laminate sheet 1s pressed in a direct
contact state, for example, a deep drawing method using a
punch, thereby preventing defects such as cracks and pin-
holes and stretching the laminate sheet in the form of a
storage part having a deeper depth.

1. A manufacturing method for forming a storage part for
mounting an electrode assembly for a secondary battery on
a laminate sheet, the manufacturing method comprising:

disposing the laminate sheet between a first mold and a

second mold, and coupling the first mold and the
second mold 1n a form 1n which a first space part having,
a shape corresponding to the storage part formed 1n the
first mold and a second space part having a shape
corresponding to the storage part formed in the second
mold are 1solated from each other;

changing a pressure of the second space part by a through-

hole communicating with the second space part of the
second mold and an air pressure regulator coupled to

the through-hole; and

stretching the sheet 1n a shape corresponding to the first
space part or the second space part in response to a
pressure change of the second space part.
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2. The manufacturing method of claim 1, wherein: the
changing the pressure of the second space part includes a
step of decreasing the pressure by sucking air 1n the second
space part by the air pressure regulator.

3. The manufacturing method of claim 2, wherein: the
decreasing the pressure 1s gradationally performed by a
primary decrease in pressure with a pressure of 10x10°
dyn/cm” to 60x10° dyn/cm” at an atmospheric pressure, and
a secondary decrease in pressure with a pressure of 110% to
400% compared to the pressure of the primary decrease 1n
pressure.

4. The manufacturing method of claim 1, wherein: the
changing the pressure of the second space part includes a
step of increasing the pressure by introducing air into the
second space part by the air pressure regulator.

5. The manufacturing method of claim 4, wherein: the
increasing the pressure 1s gradationally performed by a
primary increase in pressure with a pressure of 10x10°
dyn/cm” to 60x10° dyn/cm” at an atmospheric pressure, and
a secondary 1ncrease 1n pressure with a pressure of 110% to
400% compared to the pressure of the primary increase 1n
pressure.
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