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(87) Abstract: Provided is a method for producing a rectangular can with which the angle formed by a step surface of
a step provided on a rectangular can body and an inner wall surface of the rectangular can body can be made closer to
90 degrees. This method is characterized in that in a step formation step, a pressing operation by means of a punch (420)
is repeated multiple times using a die (310) provided on an outer-wall-surface side of side walls forming a stepped part,
a mandrel (410) that sandwiches the side walls between the die (310) and the mandrel, on a bottom-section side of the
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portion of the inner-wall-surface which forms the stepped part, and the punch (420), which presses the side opposite the
bottom-section side of the portion of the inner-wall-surface which forms the stepped part, thereby compressing the side
walls between the die (310) and the punch, and thereby forming the stepped part.
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[DESCRIPTION]

[Title of the Invention]

MANUFACTURING METHOD FOR RECTANGULAR CAN
[Technical Field]

[0001]

The present disclosure relates to a manufacturing method for a rectangular
can having a rectangular can body provided with a step on which a sealing lid is
placed.

[Background Ari]
[0002]

Arectangular can has been used as a container in a secondary battery
(power storage battery) or the like in view of accommodation capability and the like.
Such a rectangular can includes a rectangular can body and a sealing lid for closing
an opening of the rectangular can body. In the rectangular can, a step on which the
sealing lid is to be placed is provided on an inner wall surface of the rectangular can.
The sealing performance can be increased the closer an angle formed by a surface
of the step and the inner wall surface is to 90 degrees. However, in a conventional
manufacturing method, it has been difficult to bring the angle close to 90 degrees.
[Citation List]

[Patent Literature]

[0003]

[PTL 1]

Japanese Laid-Open Patent Publication No. 2014-203706
[PTL 2]

Japanese Laid-Open Patent Publication No. 2013-196777
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[PTL 3]

Japanese Laid-Open Patent Publication No. 2001-179350
[PTL 4]

Japanese Laid-Open Patent Publication No. H9-293487
[PTL 5]

Japanese Laid-Open Patent Publication No. H9-265966
[Summary of the Invention]

[Technical Problem]

[0004]

An object of the present disclosure is to provide a manufacturing method for
a rectangular can according to which brings an angle formed by a surface of a step
provided on a rectangular can body and an inner wall surface of the rectangular can
body closer to 90 degrees.

[Solution to Problem]
[0005]

The present disclosure employed the following means in order to achieve the
object.
[0006]

That is, the manufacturing method for a rectangular can of the present
disclosure is a manufacturing method for a rectangular can including a rectangular
can body that has a rectangular tube and a bottom, and a sealing lid for closing an
opening of the rectangular can body, the manufacturing method including:

a step of manufacturing an intermediate molded article that has the
rectangular tube and the bottom; and

a step of forming respective steps on which the sealing lid is to be placed on
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at least a pair of facing inner wall surfaces among two pairs of facing inner wall
surfaces in the rectangular tube, wherein

in the step-forming step, using

a die that is provided on an outer wall surface side of a sidewall on
which the step is to be formed,

a mandrel for sandwiching the sidewall between the mandrel and the
die at a portion on a bottom side with respect to a portion where the step is to be
formed in the inner wall surface on which the step is to be formed, and

a punch for pressing a portion on a side opposite to the bottom side
with respect to the portion where the step is to be formed in the inner wall surface on
which the step is to be formed and compressing the sidewall between the punch and
the die,
the step is formed by performing a plurality of instances of a pressing operation
performed by the punch.

[0007]

According to the present disclosure, it is possible to bring the angle formed
by a surface of the step provided on the rectangular can body and the inner wall
surface of the rectangular can body closer to 90 degrees by forming the step through
multiple instances of the pressing operation performed by the punch.

[0008]

The outer wall surface of the sidewall formed in the step of manufacturing the
intermediate molded article may be constituted by a level plane,

the inner wall surface of the sidewall formed in the step of manufacturing the
intermediate molded article may include:

a first parallel surface that is formed at a portion on the bottom side
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with respect to the portion where the step is to be formed and is parallel to the outer
wall surface;

a second parallel surface that is formed at a portion on the side
opposite to the bottom side with respect to the portion where the step is to be formed
and is parallel to the outer wall surface, the distance between the second parallel
surface and the outer wall surface being shorter than a distance between the first
parallel surface and the outer wall surface; and

a connection surface that connects the first parallel surface and the
second parallel surface, and

in the step-forming step, a portion of the connection surface may be
compressed.

[0009]

This makes the forming of the step less difficult compared to the case where
the step is formed by simply performing multiple instances of the pressing operation
performed by the punch on a plate-shaped portion.

[0010]

In the pressing operation performed by the punch, a movement amount of
the punch moving toward the die may increase each instance of the pressing
operation, which is performed repeatedly. In addition, in the pressing operation
performed by the punch, a movement amount of the punch moving toward the die
may increase in stages as the number of instances of the pressing operation, which
is performed repeatedly, increases. Furthermore, in the pressing operation
performed by the punch, a movement amount of the punch moving toward the die
may also be the same for all pressing operations, which are performed repeatedly.

[0011]
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The connection surface formed in the step of manufacturing the intermediate
molded article may be provided at positions reaching four corners of the rectangular
tube, and the step may be formed also at the four corners in the step-forming step.
[0012]

The step of manufacturing the intermediate molded article may include a
drawing and ironing step of molding the rectangular tube, and

a step surface that is level with the step surface of the step may be formed in
advance at the four corners of the rectangular tube through the drawing and ironing
step.

[0013]

A trimming step of removing a portion, which is unneeded for a final product,
on a side opposite to the bottom side of the intermediate molded article may be
included after the step-forming step, and

at least a part of the sidewall on which the step is to be formed in the portion
to be removed in the trimming step may be removed in advance prior to the step-
forming step.

[0014]

Note that the above-described configurations can be employed in
combination with each other as far as possible.
[Advantageous Effects of Invention]

[0015]

As described above, the present disclosure brings the angle formed by the
surface of the step provided on the rectangular can body and the inner wall surface
of the rectangular can body closer to 90 degrees.

[Brief Description of Drawings]
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[0016]

[Fig. 1]

Fig. 1 is a perspective view showing an overview of a rectangular can according to
an embodiment of the present disclosure.

[Fig. 2]

Fig. 2 is an overall view of an intermediate molded article of the rectangular can
according to the embodiment of the present disclosure.

[Fig. 3]

Fig. 3 is a schematic cross-sectional view of a machining apparatus provided in a
step-forming step in a manufacturing method for the rectangular can according to the
embodiment of the present disclosure.

[Fig. 4]

Fig. 4 is an illustrative diagram illustrating a mechanism of the machining apparatus
provided in the step-forming step in the manufacturing method for the rectangular
can according to the embodiment of the present disclosure.

[Fig. 5]

Fig. 5 is a process diagram of the step-forming step in the manufacturing method for
the rectangular can according to the embodiment of the present disclosure.

[Fig. 6]

Fig. 6 is a diagram illustrating an example of a manner of driving a punch according
to the embodiment of the present disclosure.

[Fig. 7]

Fig. 7 is a diagram illustrating an example of a manner of driving the punch according
to the embodiment of the present disclosure.

[Fig. 8]
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Fig. 8 is a diagram illustrating an example of a manner of driving the punch according
to the embodiment of the present disclosure.

[Fig. 9]

Fig. 9 is an external view of a modified example of the intermediate molded article
according to the embodiment of the present disclosure.

[Description of Embodiments]

[0017]

Hereinafter, a mode of carrying out the disclosure will be described
ilustratively and in detail based on an embodiment with reference to the drawings.
Note that, unless specifically stated otherwise, the scope of the disclosure is not
limited to only the dimensions, materials, shapes, relative arrangement, and the like
of the constituent parts described in the embodiment.

[0018]

(Embodiment)

A manufacturing method for a rectangular can according to an embodiment
of the present disclosure will be described with reference to Figs. 1t0 9. A
rectangular can obtained through the manufacturing method according to the present
embodiment will be described before the manufacturing method for the rectangular
can is described.

[0019]

<Rectangular can>

A rectangular can that is manufactured using the manufacturing method
according to the present embodiment will be described with reference to Fig. 1.  Fig.
1 is a perspective view showing an overview of the rectangular can. For the sake of

convenience in the description, Fig. 1 shows a state prior to a sealing lid 20 being
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attached to a rectangular can body 10. The rectangular can manufactured through
the manufacturing method includes the rectangular can body 10, and the sealing lid
20 that closes an opening of the rectangular can body 10. The rectangular can
body 10 and the sealing lid 20 are obtained by machining a metal plate such as an
aluminum alloy, a cold rolled steel plate, or stainless steel. The rectangular can
body 10 is constituted by a rectangular tube having two pairs of sidewalls (short
sidewalls 11 and long sidewalls 12) that have inner wall surfaces that face each
other, and a bottom 13. Note that the pair of sidewalls with a shorter width among
the two pairs of sidewalls are called the short sidewalls 11 and the pair of sidewalls
with a longer width are called the long sidewalls 12.

[0020]

Steps 11a are respectively provided on the inner wall surfaces of the pair of
short sidewalls 11. In a state in which the sealing lid 20 is placed on surfaces of the
steps 11a, the sealing lid 20 is fixed to the rectangular can body 10 through laser
welding, arc welding or the like. The rectangular can according to the present
embodiment can be suitably used as a container for a secondary battery (power
storage battery). In this case, the sealing lid 20 is fixed after power generation
elements constituting the battery, such as electrodes and separators, have been
installed in the rectangular can body 10.

[0021]

<Overview of manufacturing step for rectangular can>

An overview of a manufacturing method for a rectangular can according to
the present embodiment will be described below. The manufacturing method for the
rectangular can includes a step of manufacturing the rectangular can body 10 and a

step of fixing the pre-manufactured sealing lid 20 to the rectangular can body 10 as
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described above. The step of manufacturing the rectangular can body 10 is
composed of a step of molding an intermediate molded article 100, a step of forming
the above-described steps 11a in the intermediate molded article 100, and a trimming
step of removing unnecessary portions.

[0022]

In addition, the step of manufacturing the intermediate molded article
includes at least a step of carrying out punching on a metal plate in order to obtain a
raw material (blank) with a predetermined outer shape, a step of carrying out drawing
and ironing multiple times on the blank, and a pressing step of forming the above-
described bottom 13.  Since a known technique (e.g., see Japanese Laid-Open
Patent Publication No. 2018-51575) may be employed as appropriate for these
steps, description thereof is omitted. As for the trimming step, a known technique
may be employed as well, thus description thereof is omitted.

[0023]

The intermediate molded article 100 manufactured through the step of
manufacturing the intermediate molded article will be described with reference to Fig.
2. Fig. 2is an overall view of the intermediate molded article of the rectangular can.
Fig. 2 shows a plan view of the intermediate molded article, and schematic cross-
sectional views of two locations (a cross-sectional view taken along line AA and a
cross-sectional view taken along line BB in the plan view). The intermediate molded
article 100 includes a pair of portions 110 that are to be the short sidewalls 11 in a
final product, a pair of portions 120 that are to be the long sidewalls 12 in the final
product, a portion 130 that is to be the bottom 13 in the final product, and a portion
150 that is to be removed during the trimming step. Note that a dotted line 150a in

Fig. 2 shows a cutting surface that is to be cut in the trimming step. The portion 150
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to be removed is on a side near the opening with respect to this dotted line 150a. A
section constituted by the pair of short-sidewall-forming portions 110 and the pair of
long-sidewall-forming portions 120 corresponds to the rectangular tube in the
intermediate molded article 100, and the bottom-forming portion 130 corresponds to
the bottom in the intermediate molded article 100.

[0024]

In the next step, that is, the step-forming step, the steps 11a are formed on
the inner wall surfaces of the short-sidewall-forming portions 110 serving as the
sidewalls. The outer wall surface 111 of the short-sidewall-forming portion 110 is
constituted by a level plane. The inner wall surface of the short-sidewall-forming
portion 110 includes a first parallel surface 112 that is parallel to the outer wall
surface 111, a second parallel surface 113 that is parallel to the outer wall surface 111
as well, and an inclined surface 114 serving as a connection surface that connects
the first parallel surface 112 and the second parallel surface 113. The first parallel
surface 112 is formed on a side near the bottom 13 (bottom-forming portion 130) with
respect to the portion where the step 11ais to be formed. The second parallel
surface 113 is formed on a side opposite to the bottom 13 side (i.e., on a side near
the opening) with respect to the portion where the step 11a is to be formed. The
second parallel surface 113 is constituted such that the distance to the outer wall
surface 111 is shorter than the distance between the first parallel surface 112 and the
outer wall surface 111.  Accordingly, the short-sidewall-forming portion 110 is
constituted such that the thickness of the portion at which the second parallel surface
113 is formed is less than the thickness of the portion at which the first parallel
surface 112 is formed.

[0025]

10
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In the step-forming step described hereinafter, a portion of the inclined
surface 114 is compressed. Accordingly, a step surface 11b of the step 11ais
formed at a position of a boundary between the first parallel surface 112 and the
inclined surface 114.

[0026]

In the intermediate molded article 110, step surfaces 115 that are level with
the step surfaces 11b of the step 11a are provided at four corners of the rectangular
tube formed by the pair of short-sidewall-forming portions 110 and the pair of long-
sidewall-forming portions 120. The step surfaces 115 are formed through the
drawing and ironing step in the step of manufacturing the intermediate molded article.
[0027]

<Step-forming step>

The step-forming step will be described with reference to Figs. 3t0 8. Fig. 3
is a schematic cross-sectional view of a machining apparatus to be used in the step-
forming step in the manufacturing method for the rectangular can. Fig. 4 is an
illustrative diagram illustrating a mechanism of the machining apparatus to be used in
the step-forming step in the manufacturing method for the rectangular can, and more
specifically, is a diagram illustrating a mechanism for driving a punch. Fig. 5is a
process diagram of the step-forming step in the manufacturing method for the
rectangular can. Fig. 5 shows a cross section for each member. Figs. 6 to 8 are
diagrams illustrating examples of a manner of driving the punch.

[0028]
<<Machining apparatus>>
An example of the machining apparatus that can be used in the step-forming

step will be described with reference to Figs. 3 and 4. The machining apparatus is

11
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constituted by an upper mold 300 and a lower mold 400. The upper mold 300
includes a die 310 and a bottom pad 320. The lower mold 400 includes a mandrel
410, a punch 420, a drive mechanism 470 that moves the punch 420 relative to the
mandrel 410, and an air vacuum hole 450 for vacuuming when the mandrel 410 is to
be inserted into the intermediate molded article 100 and sending air when the
mandrel 410 is to be pulled out. The lower mold 400 also includes an upper
platform 430 and a lower platform 440 that support the mandrel 410 and the punch
420.

[0029]

The upper mold 300 and the lower mold 400 are formed to move toward
each other and away from each other in the vertical direction. The intermediate
molded article 100 is placed on the mandrel 410 of the lower mold 400 with the
portion 150 to be removed on a lower side.

[0030]

The bottom pad 320 is pressed to a lower surface of the bottom-forming
portion 130 of the intermediate molded article 100 while an up-down stroke of pins
340 is guided by guides 330 provided on a frame of the upper mold 300 and pressing
force of the bottom pad 320 is adjusted by an air cylinder 350. Accordingly, the
intermediate molded article 100 is prevented from being misaligned in the vertical
direction during machining. After the intermediate molded article 100 is positioned
by the bottom pad 320, the die 310 is lowered while being guided by a guide 312,
which is provided to move along pins 311. The die 310 lowers to a position facing
both the punch 420 and a support portion 412 of the mandrel 410. The die 310 is
lowered until a block 313 provided below the die 310 abuts on a block 441 provided

on the lower platform 440, and thus the 310 is positioned. Note that the method for

12
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positioning the die 310 is not limited to this.
[0031]

The mandrel 410 includes a guiding portion 411 that guides an inner
peripheral surface of the intermediate molded article 100 when the intermediate
molded article 100 is to be placed on the mandrel 410, and the support portion 412
that supports a part on a side near the bottom-forming portion 130 with respect to the
step-forming portion. A lower surface of the support portion 412 of the mandrel 410
and an upper surface of the punch 420 are slidably in contact with each other and a
height of a boundary line therebetween matches that of the step surface 11b of the
step 11a formed in the intermediate molded article 100. The movement of the
mandrel 410 is regulated by the die 310 across the intermediate molded article 100
when the punch 420 is moved in the horizontal direction by the drive mechanism 470
to be described.

[0032]

A positioning pin structure 460 is provided on the sliding surface between the
mandrel 410 and the punch 420. When the regulation of the movement of the
mandrel 410 by the die 310 is removed, the mandrel 410 and the punch 420 are
automatically mutually positioned so that the mandrel 410 and the punch 420 return
to a home position (origin) where the mandrel 410 and the punch 420 overlap at
approximately the same position in a plan view. The sliding surface of the punch
420 is provided with a pin 461 that is pressed toward the sliding surface of the
mandrel 410 by a pressing means 462 such as a spring and the sliding surface of the
mandrel 410 is provided with a plate-shaped recess at a position facing a tip of the
pin 461 when in the home position, the recess having a cross-section with a

curvature greater than that of a spherical head of the tip of the pin and a diameter

13
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greater than that of the pin. In a state in which no external force in the horizontal
direction is applied, the mandrel 410 and the punch 420 move relative to each other
S0 as to enter a state in which the tip of the pin 416 comes into contact with the
deepest portion (central portion) of the recess due to the pressing force of the
pressing means 462, and thus the centers of the mandrel 410 and the punch 420
match. Note that this configuration is merely an example, and other configuration
may be applied when appropriate.
[0033]

Next, the drive mechanism 470 for driving the punch 420 will be described.
The drive mechanism 470 is included in order to move the punch 420 in the
horizontal direction relative to the fixed die 310 and the mandrel 410. More
specifically, the drive mechanism 470 reciprocally moves multiple members in an
integrated manner, the multiple members being surrounded by a thick dotted line U in
Fig. 3 and including the punch 420, the upper platform 430, and the lower platform
440.
[0034]

The drive mechanism 470 is a linear motion mechanism using a so-called
link mechanism (crank mechanism). The drive mechanism 470 includes a
servomotor 471, an eccentric pin (crank shaft) 472 that is fixed to a rotation shaft
471a of the servomotor 471, and a connection member 473 and a link portion 474
that convert an axial rotational motion of the eccentric pin 472 into a linear reciprocal
motion of the lower platform 440. The lower platform 440 is allowed to move only in
a linear reciprocal direction.
[0035]

Fig. 4 is a diagram illustrating a mechanism for converting the rotational

14
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motion caused by the drive mechanism 470 into the linear reciprocal motion and
main constituent members viewed from above. The central axis of the eccentric pin
472 in a portion fixed to the connection member 473 is formed to turn about a central
axis of a rotation shaft 471a of the servomotor 471. Thick lines in Fig. 4 illustrate
positions of the eccentric pin 472a, the connection member 473a, and the link portion
474a when the central axis of the eccentric pin 472a in the fixed portion described
above is located directly upward in the drawing with respect to the central axis of the
rotation shaft 471a of the servomotor 471. On the other hand, thin lines illustrate
positions of the eccentric pin 472b, the connection member 473b, and the link portion
474b when the central axis of the eccentric pin 472b in the fixed portion described
above is located rightmost in the drawing with respect to the central axis of the
rotation shaft 471a of the servomotor 471.

[0036]

The fixed portion in the eccentric pin 472 turns in a direction illustrated by an
arrow R in Fig. 4 according to the rotation position of the rotation shaft 471a of the
servomotor 471. Thus, the connection member 473 moves, whereby the lower
platform 440, which is allowed to move only in the linear reciprocal movement
direction, moves reciprocally in a direction illustrated by an arrow L in Fig. 4. The
servomotor 471 can be controlled so that the rotation shaft 471a is rotated clockwise
or counterclockwise at a desired angle. Accordingly, an amount of the reciprocal
movement of the lower platform 440 can be controlled by rotating (swinging) the
rotation shaft 471a at a desired angle. This enables a movement amount of the
punch 420 to be controlled.

[0037]

<<Step formation>>
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A method for forming the step 11a in the intermediate molded article 100
using the machining apparatus configured as described above will be described with
reference to Fig. 5. Fig. 5A shows a state in which each member is located at the
home position by the function of the positioning pin structure 460. At the home
position, a minute gap is formed between the outer wall surface 111 of the short-
sidewall-forming portion 110 of the intermediate molded product 100 and the die 310.
[0038]

When the movement of the punch 420 is started by the drive mechanism
470, the punch 420 moves toward the die 310. At this time, the support portion 412
of the mandrel 410 is moved toward the die 310 due to frictional resistance caused
by the punch 420. Accordingly, the short-sidewall-forming portion 110 is also
pressed by the support portion 412 and moves toward the die 310, and thus the
short-sidewall-forming portion 110 enters a state of being sandwiched by the die 310
and the support portion 412 (see Fig. 5B). Thus, the die 310 is provided on a side
near the outer wall surface of the short-sidewall-forming portion 110, which is the
sidewall on which the step 11a is to be formed, with respect to the intermediate
molded article 100. The support portion 412 of the mandrel 410 and the die 310
sandwiches the sidewall (short-sidewall-forming portion 110) therebetween on the
bottom 13 side (bottom-forming portion 130 side) relative to the portion where the
step 11a is formed in the inner wall surface on which the step 11a is to be formed.
[0039]

Thereafter, by further moving toward the die 310, the punch 420 presses a
portion on a side opposite to the bottom 13 with respect to the portion where the step
11a is formed in the inner wall surface on which the step 11a is to be formed, and

thus the sidewall (short-sidewall-forming portion 110) is compressed between the
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punch 420 and the die 310 (see Fig. 5C).
[0040]

The step 11a is not formed through one instance of a compressing operation
performed by the punch 420. That is, the punch 420 is controlled so as to compress
the short-sidewall-forming portion 110 by a predetermined amount, and thereafter
return in the direction of moving away from the die 310 (see Fig. 5D). At this time,
the punch 420 may be moved to such a degree that the state in which the support
portion 412 of the mandrel 410 sandwiches the short-sidewall-forming portion 110
between the support portion 412 and the die 310 be maintained.

[0041]

Thereafter, once again, the punch 420 is controlled to move toward the die
310, and the short-sidewall-forming portion 110 is further compressed by the punch
420 and the die 310. In this manner, the compression amount of the short-sidewall-
forming portion 110 is increased little by little due to multiple instances of the
repeatedly performed pressing operation by the punch 420. As shown in Fig. 5, the
portion of the inclined surface 114 in the short-sidewall-forming portion 110 is
compressed in the step-forming step.

[0042]

Fig. 5E shows a state in which a final pressing operation has been performed
by the punch 420, and Fig. 5F shows a state in which the final pressing operation by
the punch 420 has ended and the step 11a has been formed on the short-sidewall-
forming portion 110. Note that the step surface 11b of the step 11a is level with the
step surfaces 115 that have already been formed at the four corners of the
rectangular tube of the intermediate molded article 100. As described above, after

the step 11a is formed, the intermediate molded article 100 is removed from the
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machining apparatus, and in the trimming step, the portion 150 to be removed is
removed and the final product is obtained.
[0043]

Here, several examples of methods for controlling the movement amount of
the punch 420 in the pressing operation performed by the punch 420 will be
described with reference to Figs. 6 to 8. Note that as described above, the
movement amount of the punch 420 can be controlled by controlling the rotational
angle of the rotation shaft 471a of the servomotor 471.

[0044]

(Example 1)

The movement amount by which the punch 420 is moved toward the die 310
may be controlled by being increased each instance of the repeatedly performed
pressing operations. Fig. 6 shows, using a graph, a relationship between an
elapsed time and the movement amount of the punch 420 according to the example
1 of the control. By this control, the compression amount of the short sidewall
formation portion 110 gradually increases due to the movement amount of the punch
420 being gradually increased each instance of the pressing operation. This makes
it possible to form a step 11a having a desired shape without difficulty.

[0045]

(Example 2)

The movement amount by which the punch 420 is moved toward the die 310
may be controlled by being increased in stages as a number of instances of the
repeatedly performed pressing operations increases. Fig. 7 shows, using a graph, a
relationship between an elapsed time and the movement amount of the punch 420

according to the example 2 of the control. The movement amount of the punch 420
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is gradually increased every three instances of the pressing operation. By this
control as well, the compression amount of the short-sidewall-forming portion 110
gradually increases. This makes it possible to form a step 11a having a desired
shape without difficulty.

[0046]

(Example 3)

The movement amount by which the punch 420 is moved toward the die 310
may be controlled such that it is identical for all pressing operations that are
performed repeatedly. Fig. 8 shows, using a graph, a relationship between an
elapsed time and the movement amount of the punch 420 according to the example
3 of the control. Depending on material, thickness, or the like of the product, it is
possible to form a step 11a having a desired shape with this kind of control as well.
[0047]

<Advantages of manufacturing method for rectangular can according to
present embodiment>

With the manufacturing method according to the present embodiment, due to
the step 11a being formed by multiple instances of a pressing operation performed by
the punch 420, it is possible to bring the angle formed by the step surface 11b of the
step 11a provided in the rectangular can body and the inner wall surface of the
rectangular can body closer to 90 degrees. This makes it possible to increase the
sealing performance when the opening is closed by the sealing lid 20.

[0048]

Since the inclined surface 114 is provided in the intermediate molded article

100 in advance and the portion of the inclined surface 114 is compressed in the step-

forming step, it is possible to form the step 11a with even less difficulty compared to a
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case of forming a step by simply performing multiple instances of a pressing
operation performed by the punch 420 on a plate-shaped portion.
[0049]

(Other)

Among the portion 150 to be removed in the trimming step, at least a part of
the sidewalls (short-sidewall-forming portions 110) on which the steps 11a are to be
formed may be removed in advance prior to the step-forming step. This will be
described with reference to Fig. 9. Fig. 9 is an external view of an intermediate
molded article 100X in the case where a part of the portion 150 to be removed of the
intermediate molded article 100 shown in Fig. 2 has been removed in advance. In
this intermediate molded article 100X, a part of the portion 150 to be removed, which
is surrounded by a thick line 150X in Fig. 9, has been removed in advance. This
makes it easier for the material to move out when the short-sidewall-forming portion
110 is compressed by the punch 420 in the step-forming step, and therefore it is
possible to form the step 11a with even less difficulty.

[0050]

Note that the step of removing the part may be performed at any time, as
long as it is before the step-forming step. For example, by removing the part in
advance when punching is carried out on a metal plate in order to obtain a raw
material (blank), the part can be removed without increasing a number of steps.
[0051]

Although the steps 11a are formed on the pair of short sidewalls 11 in the
embodiment described above, steps may also be formed on the pair of long sidewalls
12. The steps may be formed on both the pair of short sidewalls 11 and the pair of

long sidewalls 12.
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[0052]

The inclined surface 114 serving as the connection surface provided in the
intermediate molded article 100 is constituted by a planar surface in the above-
described embodiment. That is, the inclined surface 114 is represented by a straight
line when viewed in a cross-sectional view taken along line AAiin Fig. 2. However,
the connection surface is not limited to this. For example, the connection surface
may be constituted by an inclined surface with a curved surface shape. In this case,
the inclined surface is indicated by a circular arc or an elliptical arc when viewed in a
cross-sectional view taken along line AAin Fig. 2. The connection surface may be
constituted by a step-shaped surface.

[0053]

The inclined surface 114 is provided in advance in the intermediate molded
article 100 and the portion of the inclined surface 114 is compressed in the step-
forming step in the above-described embodiment. However, the step may be
formed through only multiple instances of the pressing operation performed by the
punch 420 without providing the inclined surface 114 depending on raw material,
thickness, or the like of the product. In this case, as shown in Fig. 9, at least a part
of the portion 150 to be removed may be removed in advance.

[0054]

The step surface 115 that is level with the step surface 11b of the step 11ais
formed at the four corners of the rectangular tube through the drawing and ironing
step in the step of manufacturing the intermediate molded article in the above-
described embodiment. However, the step surfaces provided at the four corners of
the rectangular tube may also be formed through the above-described step-forming

step. In this case, the inclined surface 114 serving as the connection surface
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formed in the step of manufacturing the intermediate molded article may be provided
up to positions reaching the four corners of the rectangular tube in the intermediate
molded article 100. Note that the four corners of the rectangular tube may be
constituted by curved surfaces (so-called “R surfaces”). In the step-forming step,
the step 11a is formed on not only the short-sidewall-forming portions 110, but also
positions reaching the four corners of the rectangular tube.

[0055]

Furthermore, the machining apparatus of the above-described embodiment
used in the step-forming step is merely an example, and another known technique
may be employed when appropriate, as long as it is a machining apparatus with
which the movement amount of the punch can be controlled. Although the punch
420 operates only through linear reciprocal movement in the above-described
machining apparatus, a machining apparatus capable of operating through both
linear reciprocal movement and rotational movement may be used. In this case, for
example, coining process on the four corners of the rectangular tube may be
performed by the machining apparatus. Note that since a known technique may be
employed for a mechanism that simultaneously enables both linear reciprocal
movement and rotational movement of the punch, such as the mechanism for driving
a punch cutter disclosed in Japanese Laid-Open Patent Publication No. 2014-46313,
description thereof is omitted.

[Reference Signs List]

[0056]

10 Rectangular can body
11 Short sidewall

11a Step
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11b Step surface

12 Long sidewall

20 Sealing lid

100, 100X Intermediate molded article
110 Short-sidewall-forming portion
111 Outer wall surface

112 First parallel surface

113 Second parallel surface

114 Inclined surface

115 Step surface

150 Portion to be removed

310 Die

410 Mandrel

412 Support portion

420 Punch

470 Drive mechanism
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[CLAIMS]
[Claim 1]

A manufacturing method for a rectangular can including a rectangular can
body that has a rectangular tube and a bottom, and a sealing lid for closing an
opening of the rectangular can body, the manufacturing method comprising:

a step of manufacturing an intermediate molded article that has the
rectangular tube and the bottom; and

a step of forming respective steps on which the sealing lid is to be placed on
at least a pair of facing inner wall surfaces among two pairs of facing inner wall
surfaces in the rectangular tube,

wherein in the step-forming step, using

a die that is provided on an outer wall surface side of a sidewall on
which the step is to be formed,

a mandrel for sandwiching the sidewall between the mandrel and the
die at a portion on a bottom side with respect to a portion where the step is to be
formed in the inner wall surface on which the step is to be formed, and

a punch for pressing a portion on a side opposite to the bottom side
with respect to the portion where the step is to be formed in the inner wall surface on
which the step is to be formed and compressing the sidewall between the punch and
the die,
the step is formed by performing a plurality of instances of a pressing operation
performed by the punch.

[Claim 2]
The manufacturing method for a rectangular can according to claim 1,

wherein
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the outer wall surface of the sidewall formed in the step of manufacturing the
intermediate molded article is constituted by a level plane,

the inner wall surface of the sidewall formed in the step of manufacturing the
intermediate molded article includes:

a first parallel surface that is formed at a portion on the bottom side
with respect to the portion where the step is to be formed and is parallel to the outer
wall surface;

a second parallel surface that is formed at a portion on the side
opposite to the bottom side with respect to the portion where the step is to be formed
and is parallel to the outer wall surface, the distance between the second parallel
surface and the outer wall surface being shorter than a distance between the first
parallel surface and the outer wall surface; and

a connection surface that connects the first parallel surface and the
second parallel surface, and

in the step-forming step, a portion of the connection surface is compressed.
[Claim 3]

The manufacturing method for a rectangular can according to claim 1 or 2,
wherein in the pressing operation performed by the punch, a movement amount of
the punch moving toward the die increases each instance of the pressing operation,
which is performed repeatedly.

[Claim 4]

The manufacturing method for a rectangular can according to claim 1 or 2,
wherein in the pressing operation performed by the punch, a movement amount of
the punch moving toward the die increases in stages as the number of instances of

the pressing operation, which is performed repeatedly, increases.
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[Claim 5]

The manufacturing method for a rectangular can according to claim 1 or 2,
wherein in the pressing operation performed by the punch, a movement amount of
the punch moving toward the die is the same for all pressing operations, which are
performed repeatedly.

[Claim 6]

The manufacturing method for a rectangular can according to any one of
claims 2 to 5, wherein the connection surface formed in the step of manufacturing the
intermediate molded article is provided at positions reaching four corners formed by
curved surfaces of the rectangular tube, and the step is formed also at the four
corners in the step-forming step.

[Claim 7]

The manufacturing method for a rectangular can according to any one of
claims 1 to 5, wherein

the step of manufacturing the intermediate molded article includes a drawing
and ironing step of molding the rectangular tube, and

a step surface that is level with the step surface of the step is formed in
advance at four corners of the rectangular tube through the drawing and ironing step.
[Claim 8]

The manufacturing method for a rectangular can according to any one of
claims 1 to 7, wherein

a trimming step of removing a portion, which is unneeded for a final product,
on a side opposite to the bottom side of the intermediate molded article is included
after the step-forming step, and

at least a part of the sidewall on which the step is to be formed in the portion
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to be removed in the trimming step is removed in advance prior to the step-forming

step.
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[DRAWINGS]
[Fig. 1]
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[Fig. 6]
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[Fig. 7]
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[Fig. 8]
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[Fig. 9]
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