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57 ABSTRACT

Disclosed herein is a mandrel configured to be used in a
winding process for manufacturing a jelly roll type electrode
assembly using a long sheet type stack of a cathode/separator/
anode structure, wherein the mandrel is oval in a section
perpendicular to a rotational central axis of the mandrel and is
divided into a first mandrel part located at one side of a central
region of the mandrel, in which an end of the sheet type stack
is fixedly fitted, and a second mandrel part located at the other
side of the central region of the mandrel, and the first mandrel
part and the second mandrel part each include a main body
part having a region in which the sheet type stack is fitted in
an engaged state and an exchange part, detachably mounted
to the main body part, having an end of a major axis of the
mandrel.
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MANDREL FOR PREPARATION OF
JELLY-ROLL TYPE ELECTRODE ASSEMBLY

TECHNICAL FIELD

[0001] The present invention relates to a mandrel used to
manufacture a jelly roll type electrode assembly, and, more
particularly, to a mandrel configured to be used in a winding
process for manufacturing a jelly roll type electrode assembly
using a long sheet type stack of a cathode/separator/anode
structure, wherein the mandrel is oval in a section perpen-
dicular to a rotational central axis of the mandrel and is
divided into a first mandrel part located at one side of a central
region of the mandrel, in which an end of the sheet type stack
is fixedly fitted, and a second mandrel part located at the other
side of the central region of the mandrel, and the first mandrel
part and the second mandrel part each include a main body
part having a region in which the sheet type stack is fitted in
an engaged state and an exchange part, detachably mounted
to the main body part, having an end of a major axis of the
mandrel.

BACKGROUND ART

[0002] As mobile devices have been increasingly devel-
oped, and the demand for such mobile devices has increased,
the demand for secondary batteries has also sharply increased
as an energy source for such mobile devices. Among such
secondary batteries is a lithium secondary battery having high
energy density and high discharge voltage, into which much
research has been carried out and which is now commercially
and widely used.

[0003] Depending upon the shape of a battery case, a sec-
ondary battery may be classified as a cylindrical battery hav-
ing an electrode assembly mounted in a cylindrical metal
container, a prismatic battery having an electrode assembly
mounted in a prismatic metal container, or a pouch-shaped
battery having an electrode assembly mounted in a pouch-
shaped case formed of an aluminum laminate sheet.

[0004] Also, the electrode assembly mounted in the battery
case is a power generating element, having a cathode/separa-
tor/anode stack structure, which can be charged and dis-
charged. The electrode assembly may be classified as a jelly
roll type electrode assembly configured to have a structure in
which a long sheet type cathode and a long sheet type anode,
to which active materials are applied, are wound in a state in
which a separator is disposed between the cathode and the
anode, a stacked type electrode assembly configured to have
a structure in which a plurality of cathodes having a prede-
termined size and a plurality of anodes having a predeter-
mined size are sequentially stacked in a state in which sepa-
rators are disposed respectively between the cathodes and the
anodes, or a stacked/folded type electrode assembly config-
ured to have a structure in which a predetermined number of
cathodes and a predetermined number of anodes are sequen-
tially stacked in a state in which separators are disposed
respectively between the cathodes and the anodes to consti-
tute a unit cell, such as a bi-cell or a full cell, and then unit
cells are wound using a separation film. The jelly roll type
electrode assembly has advantages in that the jelly roll type
electrode assembly is easy to manufacture and has high
energy density per unit mass.

[0005] Meanwhile, a conventional mandrel used to manu-
facture an electrode assembly is formed in a hexagonal shape
92 or an angled oval shape in vertical section as shown in FIG.
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1. Also, the entirety of the conventional mandrel is made of a
single metal. The conventional mandrel has the following
problems.

[0006] First, a Y-axis velocity change is greater than an
X-axis velocity change, i.e. change of linear velocity at which
asheet type stack, such as an electrode, is wound on a mandrel
90 during rotation of the mandrel 90.

[0007]  Also, force is concentrated upon a folded portion of
the sheet type stack contacting an end 96 of a major axis of the
mandrel 90, which has the maximum radius of gyration dur-
ing rotation of the mandrel 90, with the result that accelera-
tion when the sheet type stack comes into contact with the
mandrel is increased at the folded portion of the sheet type
stack, whereby the amount of impact applied to the folded
portion of the sheet type stack is increased.

[0008] Furthermore, the linear velocity change at the folded
portion of the sheet type stack and the amount of impact
applied to the folded portion of the sheet type stack increase
residual stress of the sheet type stack. When stress generated
ata subsequent process, i.e. a process of compressing the jelly
roll electrode assembly, is further applied to the folded por-
tion of the sheet type stack, therefore, the folded portion of the
sheet type stack is broken, whereby safety of a battery is
lowered.

[0009] Consequently, the necessity of a technology for fun-
damentally solving the above-mentioned problem is very

high.
DISCLOSURE

Technical Problem

[0010] Therefore, the present invention has been made to
solve the above problems and other technical problems that
have yet to be resolved.

[0011] Specifically, itis an object of the present invention to
provide a mandrel including a first mandrel part and a second
mandrel part wherein the first mandrel part and the second
mandrel part each include a main body part having a region in
which a sheet type stack is fitted in an engaged state and an
exchange part, detachably mounted to the main body part,
having an end of a major axis of the mandrel so that only the
exchange part can be exchanged even when the standard of an
electrode assembly is changed, thereby greatly reducing
manufacturing cost and time of the electrode assembly.

Technical Solution

[0012] In accordance with one aspect of the present inven-
tion, the above and other objects can be accomplished by the
provision of a mandrel configured to be used in a winding
process for manufacturing a jelly roll type electrode assembly
using a long sheet type stack of a cathode/separator/anode
structure, wherein the mandrel is oval in a section perpen-
dicular to a rotational central axis of the mandrel and is
divided into a first mandrel part located at one side of a central
region of the mandrel, in which an end of the sheet type stack
is fixedly fitted, and a second mandrel part located at the other
side of the central region of the mandrel, and the first mandrel
part and the second mandrel part each include a main body
part having a region in which the sheet type stack is fitted in
an engaged state and an exchange part, detachably mounted
to the main body part, having an end of a major axis of the
mandrel.
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[0013] In the mandrel according to the present invention,
the first mandrel part and the second mandrel part each may
include a main body part having a region in which a sheet type
stack is fitted in an engaged state and an exchange part,
detachably mounted to the main body part, having an end of
a major axis of the mandrel. Even when the standard of an
electrode assembly is changed, therefore, it is possible to
exchange only the exchange part, thereby greatly reducing
mandrel exchange time to 10 minutes or less, which is con-
siderably shorter than the conventional 1 hour.

[0014] Also, the mandrel according to the present invention
may be formed in an oval shape in a section perpendicular to
a rotational central axis of the mandrel. When the sheet type
stack is wound on the mandrel in a state in which the end of
the sheet type stack is fitted in the central region of the
mandrel, therefore, wound stress applied from the end of the
major axis of the mandrel to the sheet type stack is reduced
during constant speed rotation of the mandrel.

[0015] In addition, the mandrel according to the present
invention may be divided into a first mandrel part located at
one side of the central region of the mandrel, in which the end
of the sheet type stack is fixedly fitted, and a second mandrel
part located at the other side of the central region of the
mandrel. Consequently, it is possible to adjust the distance
between the first mandrel part and the second mandrel part,
thereby easily adjusting the size ofthe jelly roll type electrode
assembly.

[0016] In a preferred example, the main body part may
include fastening parts formed at a front region and a rear
region with respect to the rotational central axis of the man-
drel in a state in which the fastening parts protrude forward
and rearward so that the fastening parts can be mounted to a
mandrel rotation device.

[0017] Consequently, it is possible to exchange only the
exchange part as needed in a state in which the protruding
fastening parts are mounted to the mandrel rotation device,
which is preferable. When the exchange part is exchanged
according to the standard of the electrode assembly, there-
fore, additional adjustment is not needed, thereby preventing
wear of components due to frequent exchange.

[0018] In another preferred example, the exchange part
may be configured to have a semi-oval structure in which a tilt
of'the outer side of the mandrel is continuously changed from
an end of a minor axis of the mandrel to an end of the major
axis of the mandrel in the section perpendicular to the rota-
tional central axis of the mandrel, so that wound stress applied
from the end of the major axis of the mandrel to the sheet type
stack is reduced during constant speed rotation of the man-
drel, when the sheet type stack is wound on the mandrel in a
state in which an end of the sheet type stack is fitted in the
central region of the mandrel.

[0019] In the mandrel according to the present invention,
therefore, the exchange part may be configured to have a
semi-oval structure having a gentle curve in which the tilt of
the outer side of the mandrel is continuously changed from
the end of the minor axis of the mandrel to the end of the major
axis of the mandrel in the section perpendicular to the rota-
tional central axis of the mandrel. Consequently, the section
of the mandrel is decided through a curve drawn by an oval
equation about the rotational central axis of the mandrel, and
therefore, linear velocity change is minimized when the sheet
type stack is wound on the mandrel, thereby considerably
reducing the generation of stress of the sheet type stack.
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[0020] Inaconcrete example, the conventional mandrel 90
may be formed in a hexagonal shape 92 in a section perpen-
dicular to a rotational central axis 94 of the mandrel 90 as
shown in F1G. 1. For this reason, rectilinear movement caused
when the sheet type stack is wound on the mandrel is con-
trolled by rotary movement of the mandrel having no fixed
radius, and the stress of the sheet type stack is not uniform due
to difference of force by reduced acceleration generated at
that time.

[0021] For example, the amount of correction theoretically
calculated with respect to the size to compensate for the
change of X-axis velocity Vx of the sheet type stack seems to
be represented by a function having a cycle of 180 degrees.
Actually, however, a point, at which differential is not pos-
sible, having a different tilt angle exists at the point of 180
degrees. The displacement is differentiated to obtain the
velocity, and therefore, a point, at which the velocity is instan-
taneously changed, is generated, which means that accelera-
tion is abruptly changed with the result that impact amount is
increased.

[0022] This is thought to be a phenomenon generated as the
mandrel is generally rotated not in an oval section but in a
hexagonal section. That is, the X-axis velocity Vx of the sheet
type stack generated when the sheet type stack is wound on
the mandrel seems to be theoretically proportional to sin 6.
Actually, however, the maximum value does not appear when
0=90 degrees but an angle less than 90 degrees, for example,
at an angle 6 of about 80 degrees. This is thought to be
because the maximum exists at a point tangential to a circle of
rotary motion.

[0023] On the other hand, the mandrel according to the
present invention may be formed in a gentle semi-oval shape
in a section perpendicular to the rotational central axis of the
mandrel. Consequently, force change even at the end of the
major axis of the mandrel, at which such change is great, is
much less than that in the conventional mandrel. As a result,
force applied to the folded portion of the sheet type stack is
reduced, and therefore, it is possible to reduce wound stress
applied to the sheet type stack and, at the same time, to
uniformalize overall wound stress applied to the sheet type
stack.

[0024] Preferably, the semi-oval structure of the exchange
part is configured so that the length ratio of the major axis to
the minor axis of the mandrel is 10 or less in the section
perpendicular to the rotational central axis of the mandrel. If
the length ratio of the major axis to the minor axis of the
mandrel is greater than the above value, the above-mentioned
phenomenon is insignificant. Consequently, the present
invention is applied to a mandrel in which a relative length
range of the minor axis and the major axis satisfies the above
conditions. Preferably, the length ratio of the major axis to the
minor axis of the mandrel is 1.5 to 10. According to circum-
stances, the length ratio of the major axis to the minor axis of
the mandrel may be 1.5 to 4.

[0025] Meanwhile, the main body part may be formed of a
metallic material, and the exchange part may be formed of a
magnetic material so that the exchange part can be easily
coupled to the main body part and can be easily decoupled
from the main body part, or is formed of a magnetic material
at an interface with the main body part. Consequently, it is
possible to improve coupling between the main body part and
the exchange part while the sheet type stack is wound on the
mandrel.
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[0026] The metallic material may representatively include
steel use stainless (SUS) and steel kogu dies (SKD); however,
the metallic material is not limited thereto.

[0027] According to circumstances, the interface between
the main body part and the exchange part may be configured
to have a structure including a protrusion and a fastening
groove, by which coupling force between the main body part
and the exchange part is improved. Consequently, the
exchange part can be mounted to the main body part in a
fitting fashion, and therefore, it is possible to achieve stable
fastening and easy exchange.

[0028] In order to further improve coupling force between
the main body part and the exchange part, the structure
including the protrusion and the fastening groove may be
configured, for example, so that an interfacial portion of the
main body part includes an inverted trapezoidal fastening
protrusion protruding toward the exchange part.

[0029] Meanwhile, the exchange part may be formed of a
metallic material or a plastic material. According to circum-
stances, the end of the major axis may be formed of a plastic
material. Various plastic materials may be used. For example,
an engineering plastic material, which exhibits high wear
resistance and high durability based on self lubrication, may
be used. The engineering plastic material may be selected
from a group consisting of, for example, polyamide (PA),
polyacetal (POM), polycarbonate (PC), modified polyphe-
nylene oxide (MPPO), polybutylene terephthalate (PBT) and
polyether ether ketone (PEEK); however, the engineering
plastic material is not limited thereto.

[0030] As previously described, the exchange part may be
configured to have a gentle semi-oval structure in which the
tilt of the outer side of the mandrel is continuously changed
from the end of the minor axis of the mandrel to the end of the
major axis of the mandrel in the section perpendicular to the
rotational central axis of the mandrel. This may be expressed
as a structure in which a region having no tilt change is absent
between the end of the minor axis of the mandrel and the end
of the major axis of the mandrel. As a result, the mandrel is
formed as a longish shape including the major axis and the
minor axis in the section perpendicular to the rotational cen-
tral axis of the mandrel, and the mandrel is configured to have
a structure in which the tilt is continuously and gently
changed at the outer side of the mandrel.

[0031] In an example, the radius of curvature of the end of
the major axis of the mandrel may not be less than %3 times the
length of the minor axis of the mandrel, and the radius of
curvature of the end of the minor axis of the mandrel may not
be less than 1.5 times the length of the major axis of the
mandrel. Preferably, the radius of curvature of the end of the
major axis of the mandrel is %5 to 1 times the length of the
minor axis of the mandrel, and the radius of curvature of the
end of the minor axis of the mandrel is 1.5 to 3 times the
length of the major axis of the mandrel.

[0032] Preferably, a side of the first mandrel part and a
corresponding side of the second mandrel part, which face
each other on the basis of the rotational central axis of the
mandrel, are configured to have a tapered structure in which
a side of the mandrel contacting the sheet type stack is not
broken when the mandrel is rotated in a state in which the
sheet type stack is fitted in the mandrel. The angle of the
tapered structure is not particularly restricted. For example,
the angle of the tapered structure may be about 10 to 60
degrees.
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[0033] In accordance with another aspect of the present
invention, there is provided a prismatic lithium secondary
battery including a jelly roll type electrode assembly manu-
factured using the mandrel with the above-stated construc-
tion.

[0034] After a sheet type stack of a cathode/separator/an-
ode structure is wound on the mandrel, the mandrel is
removed. The manufactured jelly roll type electrode assem-
bly is compressed and then mounted in a prismatic metal
container. A lithium electrolyte is injected into the electrode
assembly, and the electrode assembly is sealed to manufac-
ture a prismatic lithium secondary battery.

[0035] Inthe prismatic lithium secondary battery according
to the present invention, it is possible to reduce wound stress
applied to the sheet type stack from the end of the major axis
of the mandrel during a winding process to manufacture the
jelly roll type electrode assembly. In a case in which the
manufactured jelly roll type electrode assembly is com-
pressed and then mounted in a prismatic metal container,
therefore, it is possible to solve a problem that a portion of the
electrode assembly is broken and, at the same time, to main-
tain excellent performance of the prismatic lithium secondary
battery and secure safety of the battery during use of the
battery.

[0036] Also, it is possible for the electrode assembly
obtained by winding the sheet type stack using the mandrel,
which is configured to have an oval structure in vertical sec-
tion, as described above to maintain an appropriate prismatic
shape in vertical section as compared with an electrode
assembly obtained by winding a sheet type stack using a
conventional mandrel, which is configured to have a circular
structure in vertical section. Consequently, the present inven-
tion is particularly preferable for manufacture of a prismatic
secondary battery.

[0037] Other components of the battery based on the jelly
roll type electrode assembly and a method of manufacturing
the same are well known in the art to which the present
invention pertains, and therefore, a detailed description
thereof will not be given.

Advantageous Effects

[0038] As is apparent from the above description, the man-
drel according to the present invention includes a first man-
drel part and a second mandrel part wherein the first mandrel
part and the second mandrel part each include a main body
part having a region in which a sheet type stack is fitted in an
engaged state and an exchange part, detachably mounted to
the main body part, having an end of a major axis of the
mandrel. Even when the standard of an electrode assembly is
changed, therefore, it is possible to exchange only the
exchange part, thereby greatly reducing manufacturing cost
and time of the electrode assembly.

BRIEF DESCRIPTION OF DRAWINGS

[0039] The above and other objects, features and other
advantages of the present invention will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:

[0040] FIG. 1 is a sectional view showing a conventional
mandrel;
[0041] FIGS. 2 and 3 are sectional views showing a man-

drel according to an embodiment of the present invention; and
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[0042]
FIG. 2.

FIG. 4 is a perspective view of the mandrel shown in

DETAILED DESCRIPTION OF THE INVENTION

[0043] Now, exemplary embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings. It should be noted, however, that the scope
of the present invention is not limited by the illustrated
embodiments.

[0044] FIGS. 2 and 3 are sectional views typically showing
a mandrel according to an embodiment of the present inven-
tion, and FIG. 4 is a perspective view typically showing the
mandrel of FIG. 2.

[0045] Referring to these drawings, a mandrel 100 is oval in
a section perpendicular to a rotational central axis 30 of the
mandrel 100. The mandrel 100 is divided into a first mandrel
part 10 located at the left side of the central region of the
mandrel 100, in which an end of a sheet type stack (not
shown) is fixedly fitted, and a second mandrel part 20 located
at the right side of the central region of the mandrel 100.
[0046] The first mandrel part 10 and the second mandrel
part 20 each include a main body part 14 having a region in
which the sheet type stack is fitted in an engaged state and an
exchange part 12, detachably mounted to the main body part
14, having an end of the major axis of the mandrel 100.
[0047]  Also, the main body part 14 of the first mandrel part
10 and the main body part 24 of the second mandrel part 20
include fastening parts 60 and 62 formed at the front region
and the rear region with respect to the rotational central axis
30 of the mandrel 100 in a state in which the fastening parts 60
and 62 protrude forward and rearward. The fastening parts 60
and 62 are mounted to a mandrel rotation device (not shown).
[0048] Theexchange part 12 of the first mandrel part 10 and
the exchange part 22 of the second mandrel part 20 are con-
figured to have a gentle semi-oval structure in which a tilt of
the outer side of the mandrel 100 is continuously changed
from an end 52 of the minor axis of the mandrel 100 to an end
54 of the major axis of the mandrel 100 in the section perpen-
dicular to the rotational central axis 30 of the mandrel 100
when the sheet type stack is wound on the mandrel 100 in a
state in which an end of the sheet type stack is fitted in the
central region of the mandrel 100. Consequently, wound
stress applied from the end 54 of the major axis of the mandrel
100 to the sheet type stack is reduced during constant speed
rotation of the mandrel 100.

[0049] The semi-oval structure of the exchange parts 12
and 22 is configured so that a length 2d of the major axis of the
mandrel 100 is about twice a length h of the minor axis of the
mandrel 100 in the section perpendicular to the rotational
central axis 30 of the mandrel 100.

[0050] The main body parts 14 and 24 are formed of a
metallic material, and the exchange part 12 of the first man-
drel part 10 and the exchange part 22 of the second mandrel
part 20 are formed of a magnetic material so that the exchange
part 12 of the first mandrel part 10 and the exchange part 22 of
the second mandrel part 20 can be easily coupled to the main
body part 14 of the first mandrel part 10 and the main body
part 24 of the second mandrel part 20, respectively, and can be
easily decoupled from the main body part 14 of the first
mandrel part 10 and the main body part 24 of the second
mandrel part 20, respectively. According to circumstances,
only the interfaces between the exchange parts 12 and 22 and
the main body parts 14 and 24 may be formed of a magnetic
material. That is, the exchange parts 12 and 22 may be formed
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of a nonmagnetic material, and a magnetic material may be
attached only to the interfaces between the exchange parts 12
and 22 and the main body parts 14 and 24.

[0051] Also, the interfaces between the main body parts 14
and 24 and the exchange parts 12 and 22 are configured to
have a structure including inverted trapezoidal fastening pro-
trusions 16 and 26 protruding toward the exchange parts 12
and 22 and fastening grooves 17 and 27, by which the cou-
pling force between the main body parts 14 and 24 and the
exchange parts 12 and 22 is improved.

[0052] A radius of curvature r of the end 54 of the major
axis of the mandrel 100 is approximately half the length D of
the minor axis of the mandrel 100, and a radius of curvature R
ofthe end 52 of the minor axis of the mandrel 100 is approxi-
mately 1.5 times the length H of the major axis of the mandrel
100.

[0053]  Also, a side of the first mandrel part 10 and a corre-
sponding side of the second mandrel part 20, which face each
other on the basis of the rotational central axis 30 of the
mandrel 100, are configured to have a tapered structure 18.
‘When the mandrel 100 is rotated in a state in which the sheet
type stack is fitted in the mandrel 100, therefore, the side of
the mandrel contacting the sheet type stack is not broken.
[0054] Meanwhile, the main body parts 14 and 24 and the
exchange parts 12 and 22 are configured to have a male and
female fastening structure.

[0055] Although the exemplary embodiments of the
present invention have been disclosed for illustrative pur-
poses, those skilled in the art will appreciate that various
modifications, additions and substitutions are possible, with-
out departing from the scope and spirit of the invention as
disclosed in the accompanying claims.

1. A mandrel configured to be used in a winding process for
manufacturing a jelly roll type electrode assembly using a
long sheet type stack of a cathode/separator/anode structure,
wherein

the mandrel is oval in a section perpendicular to a rotational

central axis of the mandrel and is divided into a first
mandrel part located at one side of a central region of the
mandrel, in which an end of the sheet type stack is
fixedly fitted, and a second mandrel part located at the
other side of the central region of the mandrel, and

the first mandrel part and the second mandrel part each

comprise a main body part having a region in which the
sheet type stack is fitted in an engaged state and an
exchange part, detachably mounted to the main body
part, having an end of a major axis of the mandrel.

2. The mandrel according to claim 1, wherein the main
body part comprises fastening parts formed at a front region
and a rear region with respect to the rotational central axis of
the mandrel in a state in which the fastening parts protrude
forward and rearward so that the fastening parts can be
mounted to a mandrel rotation device.

3. The mandrel according to claim 1, wherein the exchange
part is configured to have a semi-oval structure in which a tilt
of an outer side of the mandrel is continuously changed from
an end of a minor axis of the mandrel to an end of the major
axis of the mandrel in the section perpendicular to the rota-
tional central axis of the mandrel, so that wound stress applied
from the end of the major axis of the mandrel to the sheet type
stack is reduced during constant speed rotation of the man-
drel, when the sheet type stack is wound on the mandrel in a
state in which an end of the sheet type stack is fitted in the
central region of the mandrel.
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4. The mandrel according to claim 3, wherein the semi-oval
structure of the exchange part is configured so that the length
ratio of the major axis to the minor axis of the mandrel is 10
or less in the section perpendicular to the rotational central
axis of the mandrel.

5. The mandrel according to claim 4, wherein the semi-oval
structure of the exchange part is configured so that the length
ratio of the major axis to the minor axis of the mandrel is 1.5
to 10 in the section perpendicular to the rotational central axis
of the mandrel.

6. The mandrel according to claim 1, wherein the main
body part is formed of a metallic material, and the exchange
part is formed of a magnetic material so that the exchange part
can be easily coupled to the main body part and can be easily
decoupled from the main body part, or is formed of a mag-
netic material at an interface with the main body part.

7. The mandrel according to claim 1, wherein an interface
between the main body part and the exchange part is config-
ured to have a structure comprising a protrusion and a fasten-
ing groove, by which coupling force between the main body
part and the exchange part is improved.

8. The mandrel according to claim 7, wherein an interfacial
portion of the main body part comprises an inverted trapezoi-
dal fastening protrusion protruding toward the exchange part.
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9. The mandrel according to claim 1, wherein the exchange
part is formed of a plastic material, or the end of the major axis
is formed of a plastic material.

10. The mandrel according to claim 9, wherein the plastic
material is an engineering plastic material.

11. The mandrel according to claim 3, wherein a radius of
curvature of the end of the major axis of the mandrel is not less
than % times a length of the minor axis of the mandrel, and a
radius of curvature of the end of the minor axis of the mandrel
is not less than 1.5 times a length of the major axis of the
mandrel.

12. The mandrel according to claim 1, wherein a side of the
first mandrel part and a corresponding side of the second
mandrel part, which face each other on the basis of the rota-
tional central axis of the mandrel, are configured to have a
tapered structure in which a side of the mandrel contacting the
sheet type stack is not broken when the mandrel is rotated in
a state in which the sheet type stack is fitted in the mandrel.

13. A prismatic lithium secondary battery comprising a
jelly roll type electrode assembly manufactured using a man-
drel according to claim 1.

* * #* #* *
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