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(57) The present invention relates to a curved battery
cell thickness measurement apparatus capable of accu-
rately and consistently measuring the thickness of a
curved battery cell obtained as the result of deformation
of a cuboidal battery cell and a curved battery cell thick-
ness measurement method using the same. The curved
battery cell is fixed perpendicular to the base using an
arc-shaped jig that conforms to the shape of the curved
battery cell, and the thickness of the curved battery cell
is accurately and consistently measured using a low
measurement pressure caliper at a fixed position.
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Description

[Technical Field]

[0001] The present invention relates to a curved bat-
tery cell thickness measurement apparatus including a
low measurement pressure caliper and a curved battery
cell thickness measurement method using the same.
More particularly, the present invention relates to a
curved battery cell thickness measurement apparatus
capable of accurately and consistently measuring the
thickness of a curved battery cell obtained as the result
of deformation of a cuboidal battery cell and a curved
battery cell thickness measurement method using the
same.

[Background Art]

[0002] Depending on the shape of a battery case, lith-
ium secondary batteries are classified into a cylindrical
secondary battery having an electrode assembly re-
ceived in a cylindrical metal can, a prismatic secondary
battery having an electrode assembly received in a pris-
matic metal can, and a pouch-shaped secondary battery
having an electrode assembly received in a pouch-
shaped case made of an aluminum laminate sheet. Since
the pouch-shaped case is easily deformed, the pouch-
shaped case may be used to manufacture an amorphous
battery cell. The amorphous battery cell may be manu-
factured by deforming the electrode assembly according
to the shape of a product and receiving the deformed
electrode assembly in the pouch-shaped case.
[0003] There is a growing demand for a curved battery
cell obtained by deforming a long side of a conventionally
manufactured cuboidal pouch-shaped battery cell into
the shape of an arc. It is advantageous to use a curved
battery cell when the outer surface of a product is similar
to the outer surface of a cylinder and the space in a device
is limited, like a wrist-worn smart device or a VR device,
or when there is a need to increase the battery capacity.
[0004] A curved battery cell is manufactured using a
curved electrode assembly. Since the curved battery cell
is deformed in order to maximally utilize space, it is nec-
essary to accurately measure the dimensions, such as
the inner diameter, outer diameter, and thickness, of the
curved battery cell.
[0005] Since a battery cell has a lower hardness than
metals, the dimensions of the battery cell are measured
using a low measurement pressure caliper.
[0006] FIG. 1 is a schematic view of a low measure-
ment pressure caliper. In particular, FIG. 1 shows a digital
low measurement pressure caliper that digitally displays
a scale rather than a graduated caliper. Human reading
or digital display of readings in the form of a scale is well
known in the art of calipers, and therefore a detailed de-
scription thereof will be omitted. While FIG. 1 shows a
digital low measurement pressure caliper, the present
invention may also be applied to an analog low meas-

urement pressure caliper.
[0007] Referring to FIG. 1, the low measurement pres-
sure caliper 100 includes a main scale 130, an outer jaw
120A fixed to one end of the main scale 130, a main scale
jaw 132 disposed inside the outer jaw 120A and movable
along the main scale 130 by a predetermined distance
DJ, a static pressure device 110 configured to measure
and display the pressure applied to the main scale jaw
132, an outer jaw 120B configured to move along the
main scale 130, a digital display unit 170 configured to
display a measurement value while moving with the outer
jaw 120B, a stopper 140 configured to restrict the move-
ment of the outer jaw 120B, a depth measurement tip
150 configured to measure depth, a fixing screw 160 con-
figured to temporarily fix the outer jaw 120B, and a thumb
roller 180 configured to help move the outer jaw 120B.
[0008] The low measurement pressure caliper 100 is
used to measure a resilient object such as plastic or rub-
ber that cannot be accurately measured with a typical
standard caliper due to the measurement pressure ap-
plied during measurement. An object to be measured is
placed between the outer jaws 120A and 120B, specifi-
cally between the main scale jaw 132 and the outer jaw
120B, and the outer jaw 120B is moved such that the
main scale jaw 132 and the outer jaw 120B come into
tight contact with opposite ends of the object to be meas-
ured. At this time, the thumb roller 180 may be used to
easily move the outer jaw 120B.
[0009] When the applied pressure is high, the main
scale jaw 132 may be moved by a predetermined dis-
tance DJ, typically less than 0.3 mm. The applied pres-
sure is displayed on a static pressure indicator 115 of the
static pressure device 110. That the pressure applied to
the object to be measured is within a static pressure
range may be confirmed through the static pressure in-
dicator 115, and the thickness DC of a curved battery cell
may be measured through the value displayed on the
digital display unit 170 at this time.
[0010] Referring to an enlarged view of a dotted line A
in FIG. 1, a needle 116 is a reference of the static pressure
indicator 115. When less than static pressure is applied,
the needle 116 is located in a lower pressure region 118,
and when more than static pressure is applied, the needle
116 is located in an upper pressure region 119. At a static
pressure of 50 gf, the needle 116 is located in a static
pressure region 117. When the needle 116 is located in
the static pressure region 117, the value displayed on
the digital display unit 170 must be read.
[0011] The initial position of the measurement, etc.
may be reset using a reset button 170.
[0012] FIG. 2 is a schematic view showing a method
of measuring an object using the low measurement pres-
sure caliper. FIG. 2 is an enlarged view within dotted line
B in FIG. 1.
[0013] When the outside of the object is measured, the
object is disposed between the two outer jaws 120A and
120B for the typical caliper or is disposed between the
main scale jaw 132 and the outer jaw 120B for the low

1 2 



EP 4 450 915 A1

3

5

10

15

20

25

30

35

40

45

50

55

measurement pressure caliper, the two jaws are brought
into tight contact with the object, and the outside of the
object is measured (DC).
[0014] In general, the shortest distance between the
two jaws in contact with the object is measured as the
outside of the object. For a cuboidal battery cell, it is not
hard to accurately and consistently measure the distance
between two outer surfaces facing each other.
[0015] FIG. 3 is a view showing an example of a curved
battery cell 200 to be measured in the present invention.
The curved battery cell 200 is shaped like a cylinder cut
in half in a height direction. Since the basic shape is a
cylinder, a cylindrical coordinate system is more suitable
than a Cartesian coordinate system in displaying posi-
tions. A position may be specified using the following
three parameters, such as a rotation angle θ, a radial
distance r, and a height z, relative to a specific position
of 0 degrees based on the center of the lowermost end
of the cylinder. The curved battery cell 200 has a z-axis
length of h, an angle θ of 180 degrees, a radius r of an
inner empty space of r1, and an outer diameter of r2. The
thickness Dc of the curved battery cell 200 to be typically
measured is the value obtained by subtracting r1 from r2.
The position where r2 and r1 are measured is basically
a vertical angle, i.e., 90 degrees, and if the value of Dc
changes, the average of values measured at three angles
θ is obtained. In the case of FIG. 3, measurement may
be performed at angles of 0 degrees, 90 degrees, and
180 degrees.
[0016] An electrode assembly or a pouch-shaped bat-
tery cell has lower hardness than metals, and therefore
the dimensions thereof are measured using a low meas-
urement pressure caliper. In particular, an amorphous
battery cell, such as a pouch-shaped curved battery cell,
needs to be measured under the same pressure at po-
sitions to be measured (upper, middle, and lower posi-
tions), and therefore static pressure as well as low meas-
urement pressure is necessary.
[0017] FIG. 4 is a view showing the measurement error
that may occur when the thickness of a curved battery
cell is measured using the caliper. Two outer jaws 120A
and 120B are used, wherein each of the outer jaws, which
is similar in shape to a cuboid, is simplified so as to be
shown as a quadrangular shape. The curved battery cell
200 is exaggerated in shape and size such that the con-
cept of measurement error can be easily grasped.
[0018] a) of FIG. 4 shows a section with z = 0 based
on the cylindrical coordinates of FIG. 3. An example of
correct measurement of the thickness DC of the curved
battery cell is shown. b) of FIG. 4 shows an error in which
the outer jaws 120A and 120B are not directed toward
the center of the arc, resulting in an error in which D1C,
which is larger than the true value of DC, is measured.
[0019] c) of FIG. 4 shows an error in which the outer
jaws must be in contact with the curved battery cell 200
along the vertical coordinate Z for measurement (a solid
quadrangle) but measurement is performed in a distorted
shape (a dotted quadrangle).

[0020] As such, various errors may occur when meas-
uring the curved battery cell. In general, when the curved
battery cell is held in one hand and measured with the
caliper in the other hand, errors such as those shown in
FIG. 4 may occur, and not only can accurate values not
be obtained, but consistent values cannot be obtained
even when the same person performs measurement. In
particular, when an object having low hardness, such as
the electrode assembly or the curved battery cell, is
brought into contact with the outer jaws in a distorted
state, the edge of the object comes into contact with the
outer jaws, causing an error even in static pressure meas-
urement. In this case, an error of up to 40 um may occur.
[0021] Patent Document 1 relates to a tool length pre-
setter including a base plate formed in a flat shape, the
base plate being provided in an upper surface thereof
with a guide groove downwardly recessed in a transverse
direction for alignment of a cutting tool and being provided
in one side of the upper surface thereof with an insertion
groove downwardly recessed so as to be disposed per-
pendicular to the guide groove in a longitudinal direction,
a measurement unit including a measurement support
portion fixed to the upper surface of the base plate while
being spaced apart from the guide groove in a width di-
rection, a measurement traveler connected to the meas-
urement support portion while being disposed above the
guide groove so as to be spaced apart therefrom, the
measurement traveler being configured to selectively
move in the longitudinal direction so to be aligned with
an end of the cutting tool in contact therewith, and a dis-
tance indicator configured to indicate the distance be-
tween an installation reference surface of the measure-
ment traveler with which the end of the cutting tool is
aligned in contact therewith and the insertion groove, and
an alignment jig unit formed in a flat shape, wherein a
lower edge of the alignment jig unit is selectively inserted
into the insertion groove in a state of being disposed per-
pendicularly to the base plate, the alignment jig unit is
provided in a central part thereof with a through-hole hav-
ing an inner diameter greater than the outer diameter of
the cutting tool such that the cutting tool is inserted
through the through-hole and the length of the cutting
tool is aligned and set, the through-hole being aligned
with the guide groove, and the alignment jig unit is pro-
vided with a fixing pin portion configured to fix the cutting
tool inserted through the through-hole.
[0022] Patent Document 2 relates to a length meas-
urement instrument including a length measurement jig
including a bottom plate, a fixing plate, and a guide rail,
a slide, and a chuck, wherein the fixing plate is fixed to
the bottom plate in an upright state, the guide rail is fixed
to the bottom plate in a state of being perpendicular to
the fixing plate, and one end of the guide rail faces the
fixing plate.
[0023] Patent Document 3 relates to a caliper with a
movable jaw for measuring the dimensions of an object,
wherein an elastic mount for mounting a pressure actu-
ator to the jaw of the caliper and a mounting method are
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disclosed.
[0024] Patent Document 4 relates to an apparatus for
measuring the width and length of an exterior material of
a battery cell, the apparatus including a base on which
the battery cell is placed, a first fixing block having a first
reference plane perpendicular to the base and fixed in
position relative to the base, a second fixing block having
a second reference plane perpendicular to both the base
and the first reference plane and fixed in position relative
to the base, a first movable block having a contact hand
formed so as to protrude toward the first reference plane,
the contact hand being in contact with the battery cell,
the first movable block being configured to push the bat-
tery cell toward the first reference plane at a predeter-
mined pressure P1 using the contact hand, and a second
movable block configured to push the battery cell toward
the second reference plane at a predetermined pressure
P2.
[0025] All of Patent Documents 1 to 4 disclose precise
measurement apparatuses but do not mention technol-
ogy capable of providing accurate and consistent meas-
urement values of an object such as a curved battery cell
described in the present invention.

(Patent Document 1) Korean Registered Patent
Publication No. 2320734 (2021.10.27)
(Patent Document 2) Chinese Utility Model Publica-
tion No. 215864992 (2022.02.18)
(Patent Document 3) Japanese Registered Patent
Publication No. 6674194 (2020.03.10)
(Patent Document 4) Korean Registered Patent
Publication No. 1764948 (2017.07.28)

[Disclosure]

[Technical Problem]

[0026] The present invention has been made in view
of the above problems, and it is an object of the present
invention to provide a curved battery cell thickness meas-
urement apparatus capable of accurately and consist-
ently measuring the thickness of a separator, an elec-
trode, an electrode assembly, or a pouch-shaped curved
battery cell including a curved surface, like a curved bat-
tery cell, and having low hardness and a method of ac-
curately and consistently measuring the thickness of a
curved battery cell using the same.

[Technical Solution]

[0027] In order to accomplish the above object, the
present invention provides a curved battery cell thickness
measurement apparatus including a flat base; a caliper;
a support configured to secure a main scale of the caliper
and to space the caliper apart from the base by a prede-
termined distance; a jig including an arc-shaped first fix-
ing portion and an arc-shaped second fixing portion,
wherein the arc-shaped first fixing portion and the arc-

shaped second fixing portion are located below outer
jaws of the caliper; and a first moving portion to move
the arc-shaped first fixing portion, wherein one of the out-
er jaws includes a first static pressure sensor.
[0028] At least one of the arc-shaped first fixing portion
and the arc-shaped second fixing portion may include a
second static pressure sensor. The second static pres-
sure sensor may be located in the middle of the arc-
shaped first fixing portion and/or the arc-shaped second
fixing portion.
[0029] The caliper may be a low measurement pres-
sure caliper.
[0030] A centerline of the arc-shaped first fixing portion
and a centerline of the arc-shaped second fixing portion
may be aligned, and the main scale of the caliper may
be disposed along the centerline and is spaced apart
from the base by a predetermined distance.
[0031] The arc-shaped first fixing portion may be con-
figured to move along the centerline.
[0032] The curved battery cell thickness measurement
apparatus may further include a second moving portion
configured to move the arc-shaped second fixing portion.
[0033] In addition, the present invention provides a
curved battery cell thickness measurement method using
the curved battery cell thickness measurement appara-
tus according to the present invention, the curved battery
cell thickness measurement method including:

1) spacing the arc-shaped first fixing portion apart
from the arc-shaped second fixing;
2) placing a curved battery cell between the arc-
shaped first fixing portion and the arc-shaped second
fixing portion;
3) bringing the arc-shaped first fixing portion and the
arc-shaped second fixing portion into tight contact
with each other to vertically secure the curved battery
cell; and
4) measuring the thickness of the curved battery cell
using the caliper.

[0034] In step 4), a measurement value of the caliper
may be obtained as a thickness value of the curved bat-
tery cell when a measurement value of the first static
pressure sensor is within a static pressure range.
[0035] In step 4), a measurement value of the caliper
may be obtained as a thickness value of the curved bat-
tery cell when both a measurement value of the first static
pressure sensor and a measurement value of a second
static pressure sensor provided on at least one of the
arc-shaped first fixing portion and the second arc-shaped
fixing portion are within a static pressure range.
[0036] The curved battery cell may be a cuboidal bat-
tery cell deformed into an arc-shape along a long side of
the cuboidal battery cell, and the thickness of the curved
battery cell may be measured in the middle of the arc-
shape of the curved battery cell, at a left side of the arc-
shape of the curved battery cell, and a right side of the
arc-shape of the curved battery cell through steps 1) to
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4) .
[0037] The thickness of the curved battery cell may be
measured in the middle of the arc-shape of the curved
battery cell, at the left side of the arc-shape of the curved
battery cell, and the right side of the arc-shape of the
curved battery cell through steps 1) to 4) by rotating the
curved battery cell along the jig.
[0038] In addition, the present invention may provide
various combinations of the above solving means.

[Advantageous Effects]

[0039] As is apparent from the above description, ac-
cording to the present invention, it is possible to accu-
rately and consistently measure the thickness of a curved
battery cell. The present invention provides a curved bat-
tery cell thickness measurement apparatus capable of
accurately and consistently measuring the thickness of
a separator, an electrode, an electrode assembly, or a
pouch-shaped curved battery cell including a curved sur-
face, like a curved battery cell, and having low hardness
and a method of accurately and consistently measuring
the thickness of a curved battery cell using the same.

[Description of Drawings]

[0040]

FIG. 1 is a schematic view of a low measurement
pressure caliper.
FIG. 2 is a schematic view showing a method of
measuring an object using the low measurement
pressure caliper.
FIG. 3 is a view showing an example of a curved
battery cell to be measured in the present invention.
FIG. 4 is a view showing the measurement error that
may occur when the thickness of a curved battery
cell is measured using the caliper.
FIG. 5 is a perspective view of a curved battery cell
thickness measurement apparatus according to the
present invention.
FIG. 6 is a schematic view showing a way in which
the thickness of a curved battery cell is measured in
the state in which the curved battery cell is fixed to
the curved battery cell thickness measurement ap-
paratus according to the present invention.
FIGs. 7 to 9 are views showing a sequence of a meth-
od of measuring the thickness of a curved battery
cell using the curved battery cell thickness measure-
ment apparatus according to the present invention.

[Best Mode]

[0041] Now, preferred embodiments of the present in-
vention will be described in detail with reference to the
accompanying drawings such that the preferred embod-
iments of the present invention can be easily implement-
ed by a person having ordinary skill in the art to which

the present invention pertains. In describing the principle
of operation of the preferred embodiments of the present
invention in detail, however, a detailed description of
known functions and configurations incorporated herein
will be omitted when the same may obscure the subject
matter of the present invention.
[0042] In addition, the same reference numbers will be
used throughout the drawings to refer to parts that per-
form similar functions or operations. In the case in which
one part is said to be connected to another part through-
out the specification, not only may the one part be directly
connected to the other part, but also, the one part may
be indirectly connected to the other part via a further part.
In addition, that a certain element is included does not
mean that other elements are excluded, but means that
such elements may be further included unless mentioned
otherwise.
[0043] In addition, a description to embody elements
through limitation or addition may be applied to all inven-
tions, unless particularly restricted, and does not limit a
specific invention.
[0044] Also, in the description of the invention and the
claims of the present application, singular forms are in-
tended to include plural forms unless mentioned other-
wise.
[0045] Also, in the description of the invention and the
claims of the present application, "or" includes "and" un-
less mentioned otherwise. Therefore, "including A or B"
means three cases, namely, the case including A, the
case including B, and the case including A and B.
[0046] FIG. 5 is a perspective view of a curved battery
cell thickness measurement apparatus according to the
present invention, FIG. 6 is a schematic view showing a
way in which the thickness of a curved battery cell is
measured in the state in which the curved battery cell is
fixed to the curved battery cell thickness measurement
apparatus according to the present invention, and FIGs.
7 to 9 are views sequentially showing a method of meas-
uring the thickness of a curved battery cell using the
curved battery cell thickness measurement apparatus
according to the present invention.
[0047] A description will be given with reference to
FIGs. 5 to 9.
[0048] The curved battery cell thickness measurement
apparatus 1000 according to the present invention in-
cludes a flat base 300, a caliper 100, a support 400 con-
figured to fix a main scale 130 of the caliper 100 in order
to fix the caliper 100 in a state of being spaced apart from
the base 300 by a predetermined distance H, a jig 500
including an arc-shaped first fixing portion 520 and an
arc-shaped second fixing portion 540 located under outer
jaws 120A of the caliper 100, and a first moving portion
560 configured to move the first fixing portion 520, where-
in one of the outer jaws 120A is provided with a first static
pressure sensor 110A. The first static pressure sensor
110A is the same as the static pressure device 110 of
FIG. 1.
[0049] At least one of the first fixing portion 520 and
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the second fixing portion 540 may be provided with a
second static pressure sensor (not shown). The second
static pressure sensor may be located in the middle of
the first fixing portion 520 and/or the second fixing portion
540. The first static pressure sensor 110A and the second
static pressure sensor (not shown) may be the same.
[0050] The caliper 100 is a low measurement pressure
caliper. The low measurement pressure caliper is the
same as the low measurement pressure caliper or the
static pressure caliper described in detail with reference
to FIG. 1.
[0051] The first fixing portion 520 and the second fixing
portion 540 may coincide with each other in a centerline
AA’ of the arc, and the main scale 130 of the caliper 100
may be disposed along the centerline AA’ in a state of
being spaced apart from the base by a predetermined
distance H. In FIG. 5, two supports 400 are shown. It is
preferable to provide two supports in order to achieve
secure placement along the centerline AA’. In addition,
the caliper 100 may not be fixed by the support 400, and
the position of the caliper, in particular the position of the
outer jaws 120A to which the first static pressure sensor
110A is fixed, may be changed.
[0052] The first fixing portion 520 may move along the
centerline AA’. Unless the size of the curved battery cell
200 is very large or very small, the position of the second
fixing portion 540 rarely changes. The first fixing portion
520 moves along the centerline AA’ to form a space be-
tween the first fixing portion 520 and the second fixing
portion 540, the curved battery cell 200 is disposed in
the space, and the first fixing portion 520 moves in the
opposite direction to fix the curved battery cell 200. The
form in which the curved battery cell 200 is fixed is the
same as show in FIG. 6.
[0053] Each of the first fixing portion 520 and the sec-
ond fixing portion 540 is formed in the shape of an arc,
and preferably coincides with a curved surface of the
curved battery cell 200. If the shape of the curved battery
cell 200 and the shape of the arc coincide with each other,
the curved battery cell is fixed over a wide surface thereof,
and therefore the surface of the curved battery cell 200
does not become abnormal even though the first fixing
portion 520 and the second fixing portion 540 are strongly
pressed. If the shape of arc is different, i.e., if the radius
of the arc is different or if the arc is an elliptical arc rather
than circular, the curved battery cell 200 may not be com-
pletely brought into tight contact by the first fixing portion
520 and the second fixing portion 540. The first fixing
portion 520 and the second fixing portion 540 are con-
figured to vertically fix the curved battery cell 200, and
therefore the curved battery cell 200 may be continuously
used as long as the shape of the curved battery cell is
not deformed by the corners of the first fixing portion 520
and the second fixing portion 540.
[0054] In addition, a second moving portion (not
shown) configured to move the second fixing portion 540
may be added.
[0055] In addition, the present invention provides a

curved battery cell thickness measurement method using
the curved battery cell thickness measurement appara-
tus 1000 according to the present invention, the curved
battery cell thickness measurement method including the
following steps.

1) A step of spacing the first fixing portion 520 and
the second fixing portion 540 apart from each other
(a of FIG. 6).
2) A step of locating a curved battery cell 200 be-
tween the first fixing portion 520 and the second fix-
ing portion 540 (b of FIG. 6).

[0056] At this time, there is a separation distance D
between the curved battery cell 200 and the outer jaw
120A (or possibly the main scale jaw 132). Consequently,
the curved battery cell 200 must be located in tight contact
with the second fixing portion 540 rather than the first
fixing portion 520. In FIG. 6, the second fixing portion 540
is depicted as being stationary, but it is possible to simul-
taneously move the first fixing portion 520 and the second
fixing portion 540.
[0057] In addition, there may be no separation distance
D when the curved battery cell 200 is brought into tight
contact with the second fixing portion 540. At this time,
the first static pressure sensor 110A may be moved fur-
ther to the left along with the outer jaw 120A or the main
scale jaw 132. This movement is relative, and may also
be accomplished by moving the first fixing portion 520 or
the second fixing portion 540.
[0058] 3) A step of bringing the first fixing portion 520
and the second fixing portion 540 into tight contact with
each other to vertically fix the curved battery cell 200 (c
of FIG. 6).
[0059] The important thing here is that any one of the
first fixing portion 520 and the second fixing portion 540
may be moved, since the first fixing portion and the sec-
ond fixing portion are moved relative to each other, as
mentioned in step 2), and the first fixing portion and the
second fixing portion are brought into tight contact with
opposite sides of the curved battery cell 200 to vertically
fix the curved battery cell. At this time the curved battery
cell 200 must not be pressed by the outer jaw 120A and
the main scale jaw 132. If the curved battery cell is
pressed, the curved battery cell may not be securely ver-
tically fixed, and therefore the position of the curved bat-
tery cell must be adjusted.
[0060] 4) A step of measuring the thickness of the
curved battery cell 200 using the caliper 100 (d of FIG. 6) .
[0061] In step 4), the measurement value of the caliper
100 may be obtained as the thickness value of the curved
battery cell when the measurement value of the first static
pressure sensor 110A is within a static pressure range.
In step 4), the measurement value of the caliper 100 may
be obtained as the thickness value of the curved battery
cell when both the measurement value of the first static
pressure sensor and the measurement value of the sec-
ond static pressure sensor provided on at least one of
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the first fixing portion 520 and the second fixing portion
540 are within the static pressure range. However, the
measurement value of the second static pressure sensor
should be less than or equal to the measurement value
of the first static pressure sensor.
[0062] The curved battery cell 200 is a battery cell ob-
tained by deforming a long side of a cuboidal battery cell
into the shape of an arc, and the thickness of the curved
battery cell may be measured in the middle and at the
left side and the right side of the arc through steps 1) to 4) .
[0063] The thickness of the curved battery cell may be
measured in the middle and at the left side and the right
side of the arc through steps 1) to 4) while the curved
battery cell is rotated along the jig.
[0064] FIGs. 7 to 9 are views sequentially showing a
method of measuring the thickness of a curved battery
cell using the curved battery cell thickness measurement
apparatus according to the present invention.
[0065] FIGs. 7 to 9, which are ten figures from a) to j),
show a series of processes. In the curved battery cell
thickness measurement apparatus according to the
present invention, the caliper is reset (b), and the outer
jaw 120B is moved to the right (c). The first fixing portion
520 and the second fixing portion 540 are spaced apart
from each other using the first moving portion, a curved
battery cell 200 is disposed between the first fixing portion
and the second fixing portion, and the curved battery cell
200 is fixed using the first fixing portion 520 and the sec-
ond fixing portion 540. There are three fixed positions of
the curved battery cell 200: f), g), and h), and correspond-
ingly it is preferable to mark the positions of a, b, and c
on the jig. f) is for measuring the right end of the curved
battery cell 200, g) is for measuring the middle of the
curved battery cell 200, and h) is for measuring the left
end of the curved battery cell 200. For each measure-
ment, the thickness of the curved battery cell is measured
through steps 1) to 4) above. The curved battery cell 200
is rotated between the first fixing portion 520 and the
second fixing portion 540 by some angle.
[0066] In step (i), the first fixing portion 520 and the
second fixing portion 540 are spaced apart from each
other, and the curved battery cell 200 is removed from
the curved battery cell thickness measurement appara-
tus (j).
[0067] When the thickness of the curved battery cell
was measured at three positions (upper, middle, and low-
er positions), as shown in FIGs. 7 to 9, using the battery
cell thickness measurement apparatus according to the
present invention, consistent values were obtained. Spe-
cifically, when both the first static pressure sensor and
the second static pressure sensor were within the static
pressure range and the range defined by the present
invention, consistent values were obtained. When only
the first static pressure sensor was used and was within
the static pressure range, consistent values were also
obtained. Consistent values were not obtained when the
first static pressure sensor was not within the static pres-
sure range, and consistent values were not obtained

even when only the second static pressure sensor was
used.
[0068] Those skilled in the art to which the present in-
vention pertains will appreciate that various applications
and modifications are possible within the category of the
present invention based on the above description.

(Description of Reference Symbols)

[0069]

1000: Curved battery cell thickness measurement
apparatus
100: Low measurement pressure caliper
110: Static pressure device
110A: First static pressure sensor
115: Static pressure indicator
116: Needle
117: Static pressure region
118: Lower pressure region
119: Upper pressure region
120A, 120B: Outer jaws
130: Main scale
132: Main scale jaw
140: Stopper
150: Depth measurement tip
160: Fixing screw
170: Digital display unit
175: Reset button
180: Thumb roller
200: Curved battery cell
300: Base
400: Support
500: Jig
520: First fixing portion
540: Second fixing portion
560: First moving portion
AA’: Centerline
Dc, D1c: Thicknesses of curved battery cell
DJ: Main scale jaw movement range
D: Separation distance
H: Separation height

Claims

1. A curved battery cell thickness measurement appa-
ratus comprising:

a flat base;
a caliper;
a support to secure a main scale of the caliper
and to space the caliper apart from the base by
a predetermined distance;
a jig comprising an arc-shaped first fixing portion
and an arc-shaped second fixing portion, where-
in the arc-shaped first fixing portion and the arc-
shaped second fixing portion are located below
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outer jaws of the caliper; and
a first moving portion to move the arc-shaped
first fixing portion, wherein
one of the outer jaws includes a first static pres-
sure sensor.

2. The curved battery cell thickness measurement ap-
paratus according to claim 1, wherein at least one
of the arc-shaped first fixing portion and the arc-
shaped second fixing portion includes a second stat-
ic pressure sensor.

3. The curved battery cell thickness measurement ap-
paratus according to claim 2, wherein the second
static pressure sensor is located in a middle of the
arc-shaped first fixing portion and/or the arc-shaped
second fixing portion.

4. The curved battery cell thickness measurement ap-
paratus according to claim 1, wherein the caliper is
a low measurement pressure caliper.

5. The curved battery cell thickness measurement ap-
paratus according to claim 1, wherein

a centerline of the arc-shaped first fixing portion
and a centerline of the arc-shaped second fixing
portion are aligned, and
the main scale of the caliper is disposed along
the centerline and is spaced apart from the base
by a predetermined distance.

6. The curved battery cell thickness measurement ap-
paratus according to claim 5, wherein the arc-shaped
first fixing portion is configured to move along the
centerline.

7. The curved battery cell thickness measurement ap-
paratus according to claim 1, further comprising a
second moving portion configured to move the arc-
shaped second fixing portion.

8. A curved battery cell thickness measurement meth-
od using the curved battery cell thickness measure-
ment apparatus according to any one of claims 1 to
7, the curved battery cell thickness measurement
method comprising:

1) spacing the arc-shaped first fixing portion
apart from the arc-shaped second fixing portion;
2) placing a curved battery cell between the arc-
shaped first fixing portion and the arc-shaped
second fixing portion;
3) bringing the arc-shaped first fixing portion and
the arc-shaped second fixing portion into tight
contact with each other to vertically secure the
curved battery cell; and
4) measuring a thickness of the curved battery

cell using the caliper.

9. The curved battery cell thickness measurement
method according to claim 8, wherein, in step 4), a
measurement value of the caliper is obtained as a
thickness value of the curved battery cell when a
measurement value of the first static pressure sensor
is within a static pressure range.

10. The curved battery cell thickness measurement
method according to claim 8, wherein, in step 4), a
measurement value of the caliper is obtained as a
thickness value of the curved battery cell when both
a measurement value of the first static pressure sen-
sor and a measurement value of a second static
pressure sensor provided on at least one of the arc-
shaped first fixing portion and the arc-shaped second
fixing portion are within a static pressure range.

11. The curved battery cell thickness measurement
method according to claim 8, wherein

the curved battery cell is a cuboidal battery cell
deformed into an arc-shape along a long side of
the cuboidal battery cell, and
the thickness of the curved battery cell is meas-
ured in a middle of the arc-shape of the curved
battery cell, at a left side of the arc-shape of the
curved battery cell, and a right side of the arc-
shape of the curved battery cell through steps
1) to 4).

12. The curved battery cell thickness measurement
method according to claim 11, wherein the thickness
of the curved battery cell is measured in the middle
of the arc-shape of the curved battery cell, at the left
side of the arc-shape of the curved battery cell, and
the right side of the arc-shape of the curved battery
cell through steps 1) to 4) by rotating the curved bat-
tery cell along the jig.
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