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(57) A method for manufacturing a press-formed
product includes clamping a blank (10) between a sup-
port surface (140) of a first press die (100) and a support
surface (340) of a third press die (300), and pressing a
second press die (200) into the first press die (100) to
draw the blank (10), wherein a ridge (130) of an edge of a
press hole (123) of the first press die (100) has a curved
region (131) that extends in a curved manner, and when a
corner end portion (11) is defined, the corner end portion
(11) of the blank (10) between an intersection point M and
an intersection point N includes both line segments MO
and NO, and a part of the corner end portion (11) is
outside a region between the line segment MO and the
line segment NO.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for
manufacturing a press-formed product, and a blank.

BACKGROUND ART

[0002] The development of electric vehicles is progres-
sing rapidly with a goal of reducing CO2 emissions in
accordance with regulations based on corporate average
fuel efficiency (CAFE). Currently, high-priced electric
vehicles are mainstream, but in order to reduce the cost
of electric vehicles, it is necessary to develop parts that
use metals such as steel. As an example, forming tech-
niques that use steel are being developed for battery
boxes, front pillar lowers, door inners, and the like.
[0003] Typically, these parts (for example, trays) are
constructed to include a bottom sheet portion, a long-
itudinal wall portion, and a flange portion, with the long-
itudinal wall portion having curved corner portions (also
called corner portions), and are manufactured by welding
and assembling a plurality of members together. How-
ever, in the conventional forming technology, when a
radius of curvature of the corner portion is relatively small
or a depth of press forming is deep, wrinkles may occur in
the flange near the corner portion. Specifically, it is com-
mon to manufacture products shaped like trays by draw-
ing. The flanges adjacent to the corner portions of the tray
may develop wrinkles as a result of being drawn. This
type of flange forming is called shrink flanging, because a
circumferential width of the flange shrinks as it is formed.
Wrinkles occur as a result of the circumferential width of
the flange shrinking. This tendency becomes more evi-
dent when a processing target is a high-strength material.
Also, as the height of the longitudinal wall of the tray
increases, the shrinkage of the flange increases, and
thus it is more likely for wrinkles to form on the flange.
Wrinkles generated on the shrink flanging remain even
when a workpiece is pulled from the flange into the long-
itudinal wall of the tray. That is, wrinkles also occur on the
longitudinal wall of the tray. Even when the radius of
curvature of the corner portion of the tray is small, wrin-
kles are likely to occur on the flange and the longitudinal
wall. Furthermore, when the radius of curvature of the
corner portion of the tray is small, cracks may occur along
a ridge of the longitudinal wall that extends from the
corner portion of the tray. As the radius of curvature of
the corner portion of the tray becomes smaller, the cracks
are more likely to occur. Also, as the strength of the
processing target becomes higher, the cracks are more
likely to occur.
[0004] As a method for curbing wrinkles in the flange
portion, for example, a technology disclosed in Patent
Document 1 provides beads on a pressing surface of a
die to attempt to control a direction in which a material
flows during drawing. However, in the technology of

Patent Document 1, there is a high possibility that bead
marks or scratches will be left on a product after press
forming, which may impair an exterior thereof. Further-
more, in the technology of Patent Document 1, when
high-strength steel is press-formed, there is a high pos-
sibility that desired effects will not be achieved, which
makes it difficult to carry out stable production.

Citation List

Patent Document

[0005] Patent Document 1: Japanese Patent Publica-
tion No. 2560416

SUMMARY OF INVENTION

Technical Problem

[0006] The inventors thoroughly investigated the
causes of curbing the occurrence of wrinkles and cracks.
[0007] Geometrically, since the outer flange of the
corner portion of the tray narrows in width as it is pulled
in toward the longitudinal wall, it is caused to shrink. In
addition, in formed products in which wrinkles occurred
on the outer flanges of the corner portions of the tray,
wrinkles also occur on edges of the formed products. This
leads one to believe that the entire outer flange of the
corner portion of the tray has shrunk and deformed.
[0008] Since inflow resistance from the flange to the
longitudinal wall of the tray differs between a point at
which a ridge between the flange and the longitudinal wall
of the tray is straight and the corner portion, when noting
relative positions of the flange adjacent to the point at
which the ridge is straight and the flange adjacent to a
ridge of the corner portion before and after forming, the
flange adjacent to the ridge of the corner portion and the
surrounding area thereof bulge away from the ridge after
forming. This led the inventors to consider that an end
portion of the flange (an edge of the workpiece) was
actually being stretched. This hypothesis was confirmed
as correct by a finite element analysis and by actually
forming a blank by adding a scratch.
[0009] After further investigation, the inventors thought
that when a rectangular region that perpendicularly inter-
sects a bisector of a corner of a blank is imagined within
the blank, the rectangular region will be deformed into a
convex arch shape toward the corner of the blank during
forming. The inventors concluded that wrinkles were
generated due to compressive deformation of the con-
cave side of the arch shape. The inventors concluded that
the convex side of the arch shape undergoes tensile
deformation, but when this tensile deformation is relaxed,
the deformation to the arch shape will be relaxed, and as
a result, the compressive deformation on the concave
side of the arch shape will also be relaxed, thereby
curbing the occurrence of wrinkles. Specifically, the in-
ventors came to a conclusion that deformation into the
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arch shape can be curbed by making a distance between
an edge of a corner portion of a die hole and an edge of a
blank wider than conventionally, compared to a distance
between an edge of a die hole that straightly extends and
an edge of a blank. The inventors also came to a con-
clusion that the occurrence of wrinkles can be curbed by
adjusting a positional relationship between the edge of
the die hole and the edge of the blank in this way.
Furthermore, the inventors came up with an idea that
cracks that occur at the ridge of the longitudinal wall
extending from the corner portion of the tray are curbed
when the radius of curvature of the corner portion of the
above-described tray is small.
[0010] Here, movement of points in a processing target
before and after press forming will be described.
[0011] FIGS. 17A and 17B are explanatory diagrams
showing the movement of points (a, b, c, and d) in a
processing target before and after conventional press
forming, based on a result of a finite element analysis.
FIG. 17A is an explanatory diagram showing points in the
processing target before conventional press forming
based on the result of the finite element analysis. FIG.
17B is an explanatory diagram showing points in the
processing target after press forming based on the result
of the finite element analysis.
[0012] The points a and b are points that were at an end
portion of the curved portion of the ridge of the die (the
edge of the die hole) after forming. The points c and d are
points at an end portion of a press-formed product that
are on a line perpendicular to an extension direction of the
ridge of the die which passes through the end portion of
the curved portion of the die after forming. When a func-
tion in a finite element analysis software to inversely
calculate a blank shape from a product shape like a
development diagram is used, the points (a, b, c, and
d) in the processing target in FIG. 17B become positions
in FIG. 17A before forming.
[0013] An inflow of the processing target during form-
ing includes an inflow FA that is suctioned into a straight
ridge of a die, and an inflow FB that is suctioned into a
curved portion of the ridge of the die. The inflow FA has
deformation resistance in which the processing target is
bent at the ridge of the die. In addition to the deformation
resistance in which the processing target is bent at the
ridge of the die, the inflow FB also has deformation
resistance in which the processing target is compressed
in a direction transverse to an inflow direction as the
processing target approaches the curved portion of the
ridge of the die. In other words, the deformation resis-
tance of the inflow FB is higher than that of the inflow FA.
Therefore, inflow amounts of the inflow FA and the inflow
FB are not uniform. As a result of the inflow amounts of the
inflow FA and the inflow FB not being uniform, the width of
the flange of the formed product (the width from the ridge
of the die to the edge of the formed product) becomes
wider at a point at which the inflow FB occurs. In addition,
even at a point surrounding a point at which the inflow FB
occurs, at which the inflow FA occurs, the width of the

flange of the formed product becomes wider due to the
processing target pushed out from the point at which the
inflow FB occurs. From another perspective, even at the
point surrounding the point at which the inflow FB occurs,
in which the inflow FA occurs, the width of the flange of the
formed product becomes wider due to the processing
target caught up in the inflow FA and pulled out of the point
at which the inflow FB occurs.
[0014] A region H surrounded by the points a, b, c, and
d is deformed into an arch-like convex shape in the same
direction as the curved portion of the ridge of the die is
curved convexly by forming. The region H shown by
hatching in FIG. 17A corresponds to the flange of the
corner portion after forming. After forming, the region H in
FIG. 17A is deformed into a region H shown by hatching in
FIG. 17B. As shown in FIGS. 17A and 17B, the points a, b,
c, and d move with forming. For example, the point a
follows an inflow trajectory as shown in FIG. 17B.
[0015] As a result of forming, the points a and b come
closer to each other, and thus wrinkles occur in the
formed product. The inventors concluded that when
the arch-shaped deformation of the region H surrounded
by the points a, b, c, and d could be alleviated, the
occurrence of wrinkles could be curbed. It is believed
that when stretching between the points c and d can be
curbed, the arch-shaped deformation can be alleviated.
[0016] The inventors thought that stretching between
the points c and d could be curbed by stretching the
corners of the blank outward. FIGS. 18A and 18B are
explanatory diagrams showing the movement of the
points (a, b, c, and d) in the processing target before
and after press forming according to the present disclo-
sure, based on the result of the finite element analysis.
FIG. 18A is an explanatory diagram showing points in the
processing target before press forming according to the
present disclosure, based on the result of the finite ele-
ment analysis. FIG. 18B is an explanatory diagram show-
ing the points in the processing target after press forming
according to the present disclosure, based on the result
of the finite element analysis.
[0017] A dotted line in FIG. 18A shows a shape of a
conventional blank. A point e is an intersection point
between a line passing through the points b and c and
the edge of the blank. Similarly, a point f is an intersection
point between a line passing through the points a and d
and the edge of the blank. As shown in FIG. 18A, the
blank (the workpiece) spreads outward with respect to
the points c and d. Thus, it was found that the stretching
between the points c and d was alleviated by forming.
There are two main reasons for this. First, even when the
workpiece is pulled into the curved portion of the ridge of
the die by the same length, a rate of drawing closer with
respect to a distance between the point e and the point f is
smaller than a rate at which the distance between the
points c and d approaches. In other words, a portion of the
blank that is closer to an end than the point c and point d
prevents the point c and the point d of the blank from
approaching each other. Secondly, since portions that
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are pulled in by the inflow FA are enlarged between the
point c and the point e (between the point d and the point
f), stress that stretches between the point c and the point
d is alleviated. When the stress is alleviated, the stretch-
ing deformation is also alleviated.
[0018] The present disclosure has been made in con-
sideration of the above, and has an objective of providing
a method for manufacturing a press-formed product, and
a blank that can curb occurrence of wrinkles in a flange
portion of the press-formed product and cracks in and
around a corner portion.

Solution to Problem

[0019]

(1) A method for manufacturing a press-formed pro-
duct according to an aspect of the present disclosure
includes clamping a blank between a support sur-
face of a first press die and a support surface of a
third press die, and pressing a second press die into
the first pressdie to draw the blank, wherein a ridge of
an edge of a press hole of the first press die has a
curved region that extends in a curved manner, and
when seen in a direction perpendicular to the blank,
and when a first normal line passing through a first
end portion of the curved region in an extension
direction of the ridge is defined as a straight line
L1, a second normal line passing through a second
end portion of the curved region in the extension
direction of the ridge is defined as a straight line L2,
an intersection point between the straight line L1 and
an end portion of the blank is defined as an inter-
section point M, an intersection point between the
straight line L2 and an end portion of the blank is
defined as an intersection point N, a straight line
passing through the intersection point M and per-
pendicular to the straight line L1 is defined as a
straight line L4, a straight line passing through the
intersection point N and perpendicular to the straight
line L2 is defined as a straight line L3, an intersection
point between the straight lines L3 and L4 is defined
as an intersection point O, a line segment connecting
the intersection point M and the intersection point O
is defined as a line segment MO, and a line segment
connecting the intersection point N and the intersec-
tion point O is defined as a line segment NO, and
when the blank is clamped between the first press die
and the third press die, a corner end portion of the
blank between the intersection point M and the inter-
section point N includes both the line segment MO
and the line segment NO, and a part of the corner end
portion is outside a region between the line segment
MO and the line segment NO.
In the method for manufacturing a press-formed
product configured as described above, since an
appropriate flow control region can be defined for
the blank, it is possible to curb occurrence of wrinkles

in a flange portion of the press-formed product and
cracks in and around a corner portion.
(2) In a blank according to an aspect of the present
disclosure, in a square region included in a corner of
a first rectangle, each side of which passes only
through an edge and outside of the blank, with the
length of one side being 40% of a short side of the first
rectangle, the blank is in contact with both of two
sides of a second rectangle that each side passes
only through an edge and inside of the blank, and in a
rectangular region that passes through two contact
points between two sides of the second rectangle
and the blank and of which a corner overlaps the first
rectangle, the blank is in contact with both two sides
of the first rectangle.
(3) The blank described in (2) may be in contact with
both of the two sides of the first rectangle within a
range of 10% of the length of the short side of the first
rectangle from the corner of the first rectangle.

[0020] In the blank having the above configuration,
since a flow control region is defined on a sheet surface
of the corner portion of the blank corresponding to the
corner region of the die, it is possible to curb the occur-
rence of wrinkles in a flange portion of the press-formed
product and cracks in and around a corner portion.

Advantageous Effects of Invention

[0021] According to the method for manufacturing a
press-formed product and the blank disclosed herein, it is
possible to curb the occurrence of wrinkles in the flange
portion of the press-formed product and cracks in and
around the corner portion.

BRIEF DESCRIPTION OF DRAWINGS

[0022]

[FIG. 1] A schematic perspective view showing the
vicinity of a corner region of a first press die accord-
ing to an embodiment of the present disclosure.
[FIG. 2] A schematic plan view showing the vicinity of
the corner region of the first press die according to
the embodiment of the present disclosure, when
seen in a plan view in a direction perpendicular to
a bottom surface.
[FIG. 3] A schematic cross-sectional view of the first
press die taken along a plane passing through a
position A-A’ in FIG. 2.
[FIG. 4] A schematic perspective view showing a set
of press dies according to an embodiment of the
present disclosure.
[FIG. 5A] A schematic plan view showing a method
for manufacturing a press-formed product according
to an embodiment of the present disclosure.
[FIG. 5B] A plan view showing a vicinity of a part of a
corner end portion shown in FIG. 5A.
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[FIG. 5C] A schematic plan view showing a method
for manufacturing a press-formed product of a com-
parative example.
[FIG. 6] A schematic plan view showing a modified
example of the method for manufacturing a press-
formed product according to the embodiment of the
present disclosure.
[FIG. 7] A schematic plan view showing a modified
example of a blank according to an embodiment of
the present disclosure.
[FIG. 8] A schematic perspective view showing a
corner region according to the embodiment of the
present disclosure.
[FIG. 9A] A diagram showing an example of a pro-
duct in which the present disclosure can be prefer-
ably used.
[FIG. 9B] A diagram showing an example of a pro-
duct in which the present disclosure can be prefer-
ably used.
[FIG. 10] A diagram showing an example of a product
in which the present disclosure can be preferably
used.
[FIG. 11] A diagram showing an example of a product
in which the present disclosure can be preferably
used.
[FIG. 12] A diagram showing an example of a product
in which the present disclosure can be preferably
used.
[FIG. 13A] A schematic plan view of a blank of
Experimental example 1.
[FIG. 13B] A diagram showing a distribution of a
maximum principal strain obtained by a finite ele-
ment analysis when the blank of Experimental ex-
ample 1 is press-formed.
[FIG. 14] A schematic plan view of a blank of Experi-
mental example 2.
[FIG. 15] A schematic plan view of a blank of Experi-
mental example 3.
[FIG. 16] A schematic plan view of a blank of Experi-
mental example 4.
[FIG. 17A] An explanatory diagram showing points in
a processing target before conventional press form-
ing based on a result of the finite element analysis.
[FIG. 17B] An explanatory diagram showing the
points in the processing target after the conventional
press forming based on the result of the finite ele-
ment analysis.
[FIG. 18A] An explanatory diagram showing points in
a processing target before press forming according
to the present disclosure based on the result of the
finite element analysis.
[FIG. 18B] An explanatory diagram showing points to
be processed after press forming according to the
present disclosure, based on the result of the finite
element analysis.

DESCRIPTION OF EMBODIMENTS

[0023] The inventors studied a shape of a blank to be
press-formed in order to curb wrinkles that occur in a
flange portion of a press-formed product, and found that a
flow direction of a material during press forming can be
controlled by providing an excess portion to the shape of
the conventional blank, leading to curb of wrinkles in the
flange portion and cracks in and around a corner portion.
However, the present inventors also found that simply
providing the excess portion is not enough to effectively
curb such wrinkles. After careful consideration, they
found that wrinkles in the flange portion of the press-
formed product can be effectively curbed by setting an
appropriate region according to a shape of the blank and
a shape of a die.
[0024] Hereinafter, embodiments of the present dis-
closure will be described with reference to examples, but
it is obvious that the present disclosure is not limited to the
examples described below. In the following description,
specific numerical values and materials may be given as
examples, but other numerical values and materials may
be applied as long as the effects of the present disclosure
are obtained. In addition, components of the following
embodiments can be combined with each other.

(Method for manufacturing press-formed product)

[0025] A method for manufacturing a press-formed
product according to this embodiment includes clamping
a blank between a support surface of a first press die and
a support surface of a third press die (a blank clamping
step), and pressing a second press die into the first press
die to draw the blank (a blank drawing step).
[0026] First, an example of a press die capable of
carrying out the blank clamping step and the blank draw-
ing step will be described.

(Press die)

[0027] FIG. 1 shows an example of a press die (a first
press die 100) that can be used in the method for man-
ufacturing a press-formed product according to this em-
bodiment. Also, FIG. 2 is a schematic diagram showing a
vicinity of a corner region 121 of a side surface 120 of the
first press die 100, and shows a plan view seen in a
direction perpendicular to a bottom surface 110. In the
examples of FIGS. 1 and 2, an X-axis is parallel to a
direction in which one planar region (a planar region
122a) of the side surface 120 extends, a Y-axis is parallel
to a direction in which the other planar region (a planar
region 122b) of the side surface 120 extends, and a Z-
axis is parallel to a perpendicular line to the bottom sur-
face 110.
[0028] FIG. 1 is a schematic perspective view showing
a vicinity of a corner region 121 of a side surface 120 of a
first press die 100. The first press die 100 shown in FIG. 1
has the bottom surface 110, the side surface 120 that
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rises from the bottom surface 110 and has the corner
region 121 that is curved when seen in a plan view in a
direction perpendicular to the bottom surface 110, and a
support surface 140 that is connected to the side surface
120 via a ridge 130.
[0029] The bottom surface 110 may be a substantially
planar surface. The bottom surface 110 is connected to
the side surface 120 at an outer edge 111 thereof. The
entire outer edge 111 of the bottom surface 110 may be
connected to the side surface 120, or only a part of the
outer edge 111 may be connected to the side surface 120.
A part of the outer edge 111 has a corner portion 111a
corresponding to the corner region 121 of the side sur-
face 120. The bottom surface 110 and the side surface
120 may be connected via the bottom surface side ridge
112 that is provided along the outer edge 111. In a cross-
sectional view perpendicular to an extension direction of
the bottom surface side ridge 112 at each of points on the
bottom surface side ridge 112, the bottom surface 110
and the side surface 120 are smoothly connected via the
bottom surface side ridge 112. A portion of the bottom
surface side ridge 112 that is connected to the corner
region 121 of the side surface 120 is referred to as a
corner section 112a. The bottom surface 110 may have a
concave or convex portion that faces in an out-of-plane
direction of the bottom surface 110 in order to provide an
uneven portion in the press-formed product.
[0030] The side surface 120 is connected to the bottom
surface 110 and rises in the out-of-plane direction of the
bottom surface 110. A part or whole of the side surface
120 may be parallel to a perpendicular line of the bottom
surface 110, or may be inclined with respect to the per-
pendicular line of the bottom surface 110. As shown in
FIG. 1 or 2, the side surface 120 has the corner region 121
that is curved when seen in a plan view in a direction
perpendicular to the bottom surface 110. The corner
region 121 is connected to planar regions 122 (a planar
region 122a and a planar region 122b) of the side surface
120 at terminal portions 121a and 121b. The corner
region 121 may be connected to another corner region
having a different radius of curvature in a plan view
perpendicular to the bottom surface 110, or may be
connected to a region of the side surface 120 that is
gently curved. Alternatively, the terminal portion of the
corner region 121 may be an end portion of the side
surface 120. In the example of FIGS. 1 and 2, in the plan
view in the direction perpendicular to the bottom surface
110, the planar regions 122a and 122b are orthogonal to
each other, but an angle formed by the planar regions
122a and 122b in the plan view in the direction perpen-
dicular to the bottom surface 110 is not limited thereto.
[0031] The side surface 120 is connected to the sup-
port surface 140 via a ridge 130 atan end portion opposite
to the end portion to which the bottom surface 110 is
connected. In a cross-sectional view perpendicular to the
extension direction of the ridge 130 at each of points on
the ridge 130, the support surface 140 is provided on the
side opposite the bottom surface 110 with respect to the

side surface 120. A portion of the ridge 130 that is con-
nected to the corner region 121 of the side surface 120 is
referred to as a curved region 131. The curved region 131
of the ridge 130 is connected to a straight region 132 (a
straight region 132a and a straight region 132b) of the
ridge 130 at terminal portions 131a and 131b. The curved
region 131 may be connected to another curved region
having a different radius of curvature in the plan view
perpendicular to the bottom surface 110, or may be
connected to a region of the ridge 130 that is gently
curved. Alternatively, a terminal portion of the curved
region 131 may be an end portion of the ridge 130. Each
of terminal portions (a terminal portion 131a and a term-
inal portion 131b) of the curved region 131 includes a
terminal point (a first end portion) P1 and a terminal point
(a second end portion) P2, which will be described below.
[0032] FIG. 3 is a schematic cross-sectional view of the
first press die 100 taken along a plane passing through a
position A-A’ in FIG. 2. As shown in FIG. 3, the bottom
surface 110 and the corner region 121 of the side surface
120 are smoothly connected via the corner section 112a
of the bottom surface side ridge 112, and the corner
region 121 of the side surface 120 and the support sur-
face 140 are smoothly connected via the curved region
131 of the ridge 130. In the example of FIG. 3, the corner
region 121 of the side surface 120 is inclined with respect
to a perpendicular line of the bottom surface 110. How-
ever, the corner region 121 may be perpendicular to the
bottom surface 110 in each of cross sections perpendi-
cular to the bottom surface 110. The first press die 100
has a press hole 123. The first press die 100 and a second
press die 200 (described below) move relatively in a
direction in which they approach each other, and thus
the second press die 200 is pressed into the press hole
123. The ridge 130 of an edge of the press hole 123 (an
edge on the second press die 200 side) has the curved
region 131 that extends in a curved manner.
[0033] The first press die 100 may have one or more
corner regions 121. The bottom surface 110 of the first
press die 100 corresponds to a bottom sheet portion of
the press-formed product, the side surface 120 corre-
sponds to a longitudinal wall portion of the press-formed
product, and the support surface 140 corresponds to a
flange portion of the press-formed product.
[0034] Press forming is performed by a set of press
dies 1000 including the above-described first press die
100, second press die 200, and third press die 300. An
example of the set of press dies 1000 including the first
press die 100, the second press die 200 and the third
press die 300 is shown in FIG. 4. FIG. 4 shows the press
dies 1000 including the first press die 100 having four
corner regions 121, but the press dies are not limited to
such a shape, and the number of corner regions 121 and
the shape of the bottom surface 110 are not particularly
limited.
[0035] The second press die 200 has a bottom surface
210 corresponding to the bottom surface 110 of the first
press die 100, a side surface 220 corresponding to the
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side surface 120 of the first press die 100, and a corner
region 221 corresponding to the corner region 121 of the
first press die 100. Outer surface shapes of the bottom
surface 210 and the side surface 220 of the second press
die 200 correspond to outer surface shapes of the bottom
surface 110 and the side surface 120 of the first press die
100. In a state in which a blank which is a workpiece is
disposed between the first press die 100 and the second
press die 200, the blank is plastically deformed between
the first press die 100 and the second press die 200 by
relatively moving the first press die 100 and the second
press die 200 in a direction (a pressing direction) in which
the bottom surface 110 of the first press die 100 and the
bottom surface 210 of the second press die 200 approach
each other. The first press die 100 is also called a die. The
second press die 200 is also called a punch.
[0036] The third press die 300 has a support surface
340 corresponding to the support surface 140 of the first
press die 100. The support surface 140 of the first press
die 100 and the support surface 340 of the third press die
300 are disposed to face each other, and the blank which
is the workpiece can be clamped by the support surface
140 of the first press die 100 and the support surface 340
of the third press die 300. The blank is clamped by the
support surface 140 of the first press die 100 and the
support surface 340 of the third press die 300 so as to be
unable to move in an out-of-plane direction but to be able
to move in an in-plane direction. When the first press die
100 and the second press die 200 are moved relative to
each other in a state in which the blank is clamped by the
first press die 100 and the third press die 300, the second
press die 200 moves relative to the third press die 300.
The third press die 300 is also referred to as a holder.
[0037] The first press die 100, the second press die 200
and the third press die 300 may be configured of a single
member, or each of them may be configured of a split die
that is divided. Furthermore, the press dies 1000 may
include a die other than these dies.
[0038] A corner end portion 11 of the blank 10 will be
described. FIG. 5A is a schematic plan view showing the
method for manufacturing a press-formed product ac-
cording to the embodiment of the present disclosure.
FIG. 5A is a plan view in a direction perpendicular to a
sheet surface of a sheet-shaped blank 10. FIG. 5B shows
a vicinity of some of the corner end portions 11 of the
blank 10 shown in FIG. 5A. FIG. 5B shows positions of the
ridge 130 of the die hole (the press hole 123) and the edge
of the blank 10 when the blank 10 is placed on the die (the
first press die 100) and clamped by the blank holder (the
third press die 300).
[0039] When seen in a vertical direction of the blank 10,
a first normal line that passes through a first end portion
P1 in the extension direction of the ridge 130 of the curved
region 131 is defined as a straight line L1, a second
normal line that passes through a second end portion
P2 in the extension direction of the ridge 130 of the curved
region 131 is defined as a straight line L2, an intersection
point of L1 and the end portion of blank 10 is defined as an

intersection point M, an intersection point of the straight
line L2 and the end portion of blank 10 is defined as an
intersection point N, a straight line that passes through
the intersection point M and is perpendicular to the
straight line L1 is defined as a straight line L4, a straight
line that passes through the intersection point N and is
perpendicular to the straight line L2 is defined as a
straight line L3, an intersection point of the straight line
L3 and the straight line L4 is defined as an intersection
point O, a line segment that connects the intersection
point M and the intersection point O is defined as a line
segment MO, and a line segment that connects the
intersection point N and the intersection point O is defined
as a line segment NO. An end portion of the blank 10
between the intersection point M and the intersection
point N is defined as the corner end portion 11. The
corner end portion 11 is a portion of the blank 10 on
the outer side from a line segment MN that connects
the intersection point M and the intersection point N. As
shown in FIG. 5B , when the blank 10 is clamped between
the first press die 100 and the third press die 300, the
corner end portion 11 includes all of the line segment MO
and the line segment NO, and a part of the corner end
portion 11 is outside a region between the line segment
MO and the line segment NO. The line segment MO and
the line segment NO has a shape of an end portion of a
conventional blank. An edge of the corner end portion 11
of the blank 10 is outside the region between the line
segment MO and the line segment NO, and the edge of
the corner end portion 11 of the blank 10 is not inside the
region between the line segment MO and the line seg-
ment NO.
[0040] Thus, a part of the corner end portion 11 of the
blank 10 is outside the region between the line segment
MO and the line segment NO. In other words, the blank 10
has a shape in which the corner end portion 11 protrudes
outward. In other words, the corner end portion 11 has a
convex shape toward the outside of the corner of the
blank 10. It can also be said that the corner end portion 11
has an arch shape toward the outside of the corner of the
blank 10. By forming the corner end portion 11 of the
blank 10 in such a shape, tensile deformation at the
corner end portion 11 is alleviated, and the occurrence
of wrinkles is curbed.
[0041] It is not necessary that the corner end portion 11
is set at all corner portions in the blank 10, and the corner
end portion 11 may be set at only some of the corner
portions.
[0042] In the method for manufacturing a press-formed
product according to this embodiment, since an appro-
priate corner end portion 11 can be defined for a blank,
the occurrence of wrinkles in a flange portion of the press-
formed product and cracks in and around a corner portion
can be curbed. In the corner portion, cracks at the corner
section 112a can be particularly curbed. The corner
section 112a is a portion that continues to be stretched
from a start to an end of press forming, and is thus a
portion in which cracks are most likely to occur.
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(Modified example of the method for manufacturing a
press-formed product)

[0043] FIG. 6 is a schematic plan view showing a
modified example of the method for manufacturing a
press-formed product according to one embodiment of
the present disclosure. FIG. 6 shows positions of the
ridge 130 of the die hole and the edge of the blank 10
when the blank 10 is placed on the die (the first press die
100) and clamped by the blank holder (the third press die
300). FIG. 6 shows a vicinity of one of the corner end
portions 11 of the blank 10.
[0044] Also, in the modified example shown in FIG. 6,
as in FIG. 5B, a part of the corner end portion 11 of the
blank 10 is outside the region between the line segment
MO and the line segment NO. In other words, the blank 10
has a shape in which the corner portion protrudes out-
ward. In other words, the corner end portion 11 has a
convex shape toward the outside of the corner of the
blank 10. It can also be said that the corner end portion 11
has an arch shape toward the outside of the corner of the
blank 10. By forming the corner end portion 11 of the
blank 10 in such a shape, tensile deformation at the
corner end portion 11 is alleviated, and the occurrence
of wrinkles is curbed.

(Blank)

[0045] The blank 10 according to this embodiment will
be described in detail. In this embodiment, the blank 10
having a rectangular shape will be described using FIGS.
5A and 5B. FIG. 5B shows a vicinity of a part of the corner
end portion 11 of the blank 10, but the corner end portion
11 is a portion inwhich afirst side S1and asecond side S2
of the blank 10 which are approximately straight intersect
when seen in a plan view in a direction perpendicular to
the sheet surface of the blank 10.
[0046] The fields of view in FIGS. 5A and 5B assume a
square region A1 included in a corner of a first rectangle
R1, each side of which passes only through the edge and
outside of the blank 10, with the length of one side being
40% of a short side of a rectangular cut sheet. As shown
in FIG. 5C, when the blank 10 is formed so deeply that a
corner portion of a ridge 1300 of a die does not enter the
region A1, there is a concern that cracks will occur even
when the knowledge of the present disclosure is used.
When forming is performed to such an extent that the
corner portion of the ridge 1300 of the die does not enter
this region A1 and cracks do not occur, the width of the
flange will be excessive, which means poor yield. In the
above-described region A1, the blank 10 is in contact with
both of two sides of a second rectangle R2 that each side
passes only through the edge and inside of the blank 10,
and in a rectangular region A2 passes through two con-
tact points between the two sides of the second rectangle
R2 and the blank 10 and of which a corner overlaps the
first rectangle R1, the blank 10 is in contact with both of
two sides of the first rectangle R1. As shown in FIG. 5B, in

the region A2, the blank 10 is in contact with two points X1
and X2 on both of the two sides of the first rectangle R1.
Also, the edges of the blank 10 and the edges of the
rectangular cut sheet may coincide with each other from
the two points X1 and X2 to a corner of the rectangular cut
sheet. Furthermore, preferably, the two points X1 and X2
are within a range of 10% of the length of a short side of
the rectangular cut sheet from the corner of the rectan-
gular cut sheet. In such a way, the tensile deformation of
the corner end portion 11 of the blank 10 can be further
alleviated.
[0047] Each of the sides of the first rectangle R1
passes only through the edge and outside of the blank.
The first rectangle R1 is formed in a shape of a rectan-
gular cut sheet. Each of the sides of the second rectangle
R2 passes only through the edge and inside of the blank.
The second rectangle has an intersection point O as a
corner and passes through the intersection points N and
M.
[0048] In the square region A1 included in a corner of
the first rectangle R1 and of which the length of one side is
40% of the shorter side of the first rectangle R1, the blank
10 is in contact with both of the two sides of the second
rectangle R2. In the region shown in FIG. 5B, the edge of
blank 10 passes through the intersection points M and N.
[0049] In the rectangular region A2 in which two con-
tact points between two sides of the second rectangle R2
and the blank overlap the first rectangle R1, the blank 10
is in contact with both of the two sides of the first rectangle
R1. In a region surrounded by the edge of the cut sheet
and the straight lines L1 and L2, the edge of the blank 10
is in contact with the edge of the cut sheet. However, in
actual cutting of the blank 10, it is not necessary to use the
edge of the cut sheet for the blank.
[0050] When the positions of the intersection points M
and N of the blank 10 having such a shape and the ridge
130 of the die hole (the press hole 123) of the die as
described are disposed in the above-described method
for manufacturing a press-formed product, and then
press forming is performed, the method for manufactur-
ing a press-formed product disclosed herein can be im-
plemented.

(Modified example of blank)

[0051] FIG. 7 is a schematic plan view showing a
modified example of the blank according to one embodi-
ment of the present disclosure.
[0052] In the examples of FIGS. 5A to 7, a rectangular
blank 10 is shown, but the shape of the blank 10 is not
limited thereto, and the corner end portion 11 may be
provided only at the corner portion that is a target of
setting task achievement. A part of the corner end portion
11 may become a part of the flange of the press-formed
product after press forming. The flange of the press-
formed product may be trimmed to adjust the shape. In
this case, the blank 10 has a shape that has the corner
end portions 11 at the corners of the blank 10.

5

10

15

20

25

30

35

40

45

50

55



9

15 EP 4 578 566 A1 16

[0053] The blank 10 may be a steel sheet, an aluminum
alloy sheet, a titanium alloy sheet, or a composite materi-
al thereof. From the viewpoint of material elongation, it is
more preferable to use a steel sheet having a tensile
strength of 270 to 440 MPa as the blank 10. The blank 10
may also be a high-strength steel sheet, for example, a
steel sheet having a tensile strength of 980 MPa or more.
Even when the blank 10 according to the present embo-
diment has a high tensile strength, the effect of curbing
wrinkles and cracks can be obtained. Furthermore, the
blank 10 may be subjected to a process such as plating
for the purpose of rust prevention and corrosion preven-
tion.
[0054] In the blank 10 according to this embodiment,
the corner end portion 11 is defined on the sheet surface
of the corner portion of the blank 10. Therefore, it is
possible to curb the occurrence of wrinkles in the flange
portions and cracks in and around the corner portions of
the press-formed product produced by press-forming the
blank 10.
[0055] In the above embodiment, the corner region in
which the above-described corner end portion 11 is a
setting target is a corner region that is convex from the
bottom surface side to the support surface side with
respect to the side surface when seen in a plan view in
a direction perpendicular to the bottom surface of the first
press die. That is, in a plan view in the direction perpen-
dicular to the bottom surface of the first press die, the
corner region that is convex from the support surface side
to the bottom surface side with respect to the side surface
is not included in a target of the above embodiment. For
example, a side region B of the first press die shown in
FIG. 8 is convex from the support surface side to the
bottom surface side with respect to the side surface, and
is not a target to be subject to the method for setting the
corner end portion 11 according to the present disclosure.
[0056] In the above embodiment, when a plurality of
corner regions having different radii of curvature in a plan
view perpendicular to the bottom surface are connected,
the plurality of corner regions are treated as one corner
region to set the above corner end portion. For example,
a side surface region C of the first press die shown in FIG.
8 includes a plurality of corner regions, namely, a corner
region 121’ and a corner region 121" having different radii
of curvature. The side surface region C of the first press
die shown in FIG. 8 is convex from the bottom surface
side to the support surface side with respect to the side
surface, and can be the setting target of the method for
setting the corner end portion 11 according to the present
disclosure.
[0057] More preferably, a shteet thickness of the blank
according to the above embodiment is appropriately set
according to characteristics required for the press-
formed product obtained by press-forming the blank.
The shteet thickness of the blank may be an average
sheet thickness of a metal sheet that is a workpiece. The
average sheet thickness may be an average value of
sheet thicknesses at a plurality of arbitrary points on the

metal sheet (for example, three points in a range formed
onto the longitudinal wall portion or the bottom sheet
portion). The sheet thickness of the metal sheet may
be substantially the same as a sheet thickness of a
longitudinal wall preformed portion or a bottom sheet
preformed portion of a preformed product, or a sheet
thickness of the longitudinal wall portion or the bottom
sheet portion of the press-formed product. The sheet
thickness of the metal sheet may be substantially the
same as a clearance between the first die and the second
die, or a clearance between a fourth die and a fifth die.
[0058] When the radius of curvature of the corner por-
tion is small, problems such as cracks and wrinkles
become apparent. Even in such a case, the press forming
method of the present disclosure can curb the occur-
rence of cracks and wrinkles. In a blank 10 having a
tensile strength of 980 MPa or more, a curve in the
extension direction of the ridge 130 of the die hole (the
press hole 123) of the die, at which the problem of cracks
becomes apparent, has a smallest radius of curvature of
20 mm or less. This radius of curvature corresponds to 30
times the shteet thickness of the blank. In other words, in
the blank having a tensile strength of 980 MPa or more,
when the smallest radius of curvature of the curve in the
extension direction of the ridge 130 of the edge of the die
hole is 30 times or less than that of the blank, the press
forming method of the present disclosure can curb the
occurrence of cracks and wrinkles.
[0059] Furthermore, when the press depth is deep, the
problem of cracks and wrinkles becomes apparent. Even
in such a case, the occurrence of cracks and wrinkles can
be curbed by the press forming method of the present
disclosure.
[0060] In the above embodiment, an angle between a
tangent line of the ridge at the terminal point P1 and a
tangent line of the ridge at the terminal point P2 is not
particularly limited, and may be, for example, an acute
angle as shown in FIG. 6. In a plan view perpendicular to
the bottom surface of the first press die, preferably, the
angle between the tangent line of the ridge at the terminal
point P1 and the tangent line of the ridge at the terminal
point P2 is 30° or more and 150° or less. In the above
embodiment, the planar region of the side surface of the
first press die is preferably a region having a radius of
curvature of 500 mm or more in a plan view perpendicular
to the bottom surface. In the above embodiment, more
preferably, the height of the side surface of the first press
die is 20 times or more and 200 times or less the shteet
thickness of the blank 10.
[0061] In the above embodiment, the width of the
flange portion of the blank 10 may be asymmetric. That
is, the length of the line segment OM may be different
from the length of the line segment ON. Even in such a
case, since an appropriate flow control region can be
defined for the blank 10, the occurrence of wrinkles in the
flange portion of the press-formed product and cracks in
and around the corner portion can be curbed.
[0062] In the above embodiment, the press-formed
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product may be a final product, or may be an intermediate
product that is to be further processed (by press forming,
cutting, bending, welding, heating and cooling, plating,
painting) to form a final product.
[0063] The press-formed product according to the
above embodiment can be preferably used for vehicle
parts such as battery boxes, front pillar lowers, door
inners, which are represented by vehicle battery boxes
and have corner portions corresponding to the corner
regions of the first press die. FIGS. 9A to 12 are diagrams
showing an example of a product for which the method for
manufacturing a press-formed product and the blank
according to the present disclosure can be preferably
used. A press-formed product shown in FIG. 9A is a
corner component 301 of a battery box, and has two
corner portions 331 and 331’. A press-formed product
shown in FIG. 9B is a corner component 302 of a battery
box, and has a corner portion 332. These press-formed
products may be joined with other members to form the
entire battery box. A press-formed product shown in FIG.
10 is a front pillar 303 having a corner portion 333. The
present disclosure can also be preferably applied to such
a member of which entirety is curved in an L-shape. A
press-formed product shown in FIG. 11 is a stiffener 304
for a C-pillar, and has a longitudinal wall that is higher in
the vicinity of a corner portion 334. In this way, the present
disclosure can be preferably applied to a member in
which the height of the longitudinal wall is not uniform.
A press-formed product shown in FIG. 12 is a door inner
305. The present disclosure can also be preferably ap-
plied to press-formed products such as the door inner 305
that have a plurality of corner portions 335 and 335’ with
different radii of curvature and opening angles.

[Examples]

[0064] Examples of the present disclosure will be de-
scribed below.
[0065] In this example, press forming was performed
on each of blanks having a corner portions having shapes
as shown in FIGS. 13A, 14, 15, and 16, and a strain
distribution in the flange portion of the press-formed
product was verified by a finite element analysis. FIGS.
13A, 14, 15, and 16 show the vicinity of a corner portion of
each of the blanks. Common to all the blanks, the tensile
strength of the blank was 270 MPa and the sheet thick-
ness was 0.8 mm.
[0066] A distribution of maximum principal strain ob-
tained by the finite element analysis when each of blanks
500, 600, 700, and 10 is press-formed was verified. The
principal strains are three components of a normal strain
when a coordinate system Cp, in which a shear strain is
zero, is used as a reference. The principal strains are
defined in order from the largest to the smallest as
"maximum principal strain (ε1)," "intermediate principal
strain (ε2)," and "minimum principal strain (ε3)". The
maximum principal strain is generally used to evaluate
a maximum tensile strain applied to a material. When the

maximum principal strain is large, it can be determined
that cracks occur easily. The maximum principal strain
can be found using general finite element analysis soft-
ware. Software generally used in a forming analysis has a
function to inversely calculate the shape of the blank from
a shape of the product as shown in a development
diagram (a developed blank analysis). Using this function
for analysis, those skilled in the art generally perform a
blank design based on the shape of the developed blank.

(Experimental example 1)

[0067] FIG. 13A is a schematic plan view of the blank
500 of Experimental example 1. A corner end 511 of the
blank 500 is inside a region between the line segment MO
and the line segment NO, that is, the blank 500 is a
conventional example.
[0068] In FIG. 13B, the blank 500 is shown by a two-dot
chain line, and a shape after forming is shown by a solid
line. A portion at which the maximum principal strain in
Experimental example 1 was shown was a portion (near a
curved region) surrounded by a dotted circle in FIG. 13B,
and the maximum value was 0.85.

(Experimental example 2)

[0069] FIG. 14 is aschematic plan view of the blank 600
of Experimental example 2. A corner end portion 611 of
the blank 600 is inside the region between the line seg-
ment MO and the line segment NO, that is, the blank 600
is a conventional example.
[0070] A portion at which the maximum value of the
maximum principal strain in Experimental example 2 was
shown was a portion surrounded by a dotted circle in FIG.
13B, and the maximum value was 1.09. In other words, it
was found that typical blank designs by those skilled in
the art tend to result in press-formed products that are
prone to cracking.

(Experimental example 3)

[0071] FIG. 15 is aschematic plan view of the blank 700
of Experimental example 3. A part of a corner end portion
711 of the blank 700 is outside the region between the line
segment MO and the line segment NO, but the corner end
portion 711 does not include all of the line segment MO
and the line segment NO.
[0072] A portion at which the maximum value of the
maximum principal strain in Experimental example 3 was
shown was a portion surrounded by a dotted circle in FIG.
13B, and the maximum value was 0.92. In other words, it
was found that even when a part of the corner end portion
711 is outside the region between the line segment MO
and the line segment NO, if the corner end portion 711
does not include all of the line segment MO and the line
segment NO, the press-formed product is prone to crack-
ing.
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(Experimental example 4)

[0073] FIG. 16 is a schematic plan view of the blank 10
of Experimental example 4. The entire corner end portion
11 of the blank 10 is outside the region between the line
segment MO and the line segment NO. In other words,
the blank 10 is an example of the invention.
[0074] A portion at which the maximum value of the
maximum principal strain in Experimental example 4 was
shown was a portion surrounded by a dotted circle in FIG.
13B, and the maximum value was 0.73. The blank 10
showed an improvement in the maximum principal strain
compared to the conventional example.
[0075] From the examples, it was found that in order to
achieve an improvement compared to the conventional
example, it is necessary for the corner end portion 11 to
include both the line segment MO and the line segment
NO, and for a part of the corner end portion 11 to be
outside the region between the line segment MO and the
line segment NO.

INDUSTRIAL APPLICABILITY

[0076] The method for manufacturing a press-formed
product and the blank of the present disclosure can curb
the occurrence of wrinkles in the flange portion of the
press-formed product and cracks in and near the corner
portion, making it extremely useful industrially.

REFERENCE SIGNS LIST

[0077]

10 Blank
11 Corner end portion
12 Edge portion
100 First press die
110 Bottom surface
120 Side surface
121 Corner region
130 Ridge
131 Curved region
140 Support surface
200 Second press die
300 Third press die

Claims

1. A method for manufacturing a press-formed product,
comprising:

clamping a blank between a support surface of a
first press die and a support surface of a third
press die; and
pressing a second press die into the first press
die to draw the blank,
wherein a ridge of an edge of a press hole of the

first press die has a curved region that extends in
a curved manner,
when seen in a direction perpendicular to the
blank, and
when a first normal line passing through a first
end portion of the curved region in an extension
direction of the ridge is defined as a straight line
L1, a second normal line passing through a
second end portion of the curved region in the
extension direction of the ridge is defined as a
straight line L2, an intersection point between
the straight line L1 and an end portion of the
blank is defined as an intersection point M, an
intersection point between the straight line L2
and an end portion of the blank is defined as an
intersection point N, a straight line passing
through the intersection point M and perpendi-
cular to the straight line L1 is defined as a
straight line L4, a straight line passing through
the intersection point N and perpendicular to the
straight line L2 is defined as a straight line L3, an
intersection point between the straight lines L3
and L4 is defined as an intersection point O, a
line segment connecting the intersection point M
and the intersection point O is defined as a line
segment MO, and a line segment connecting the
intersection point N and the intersection point O
is defined as a line segment NO, and
when the blank is clamped between the first
press die and the third press die, a corner end
portion of the blank between the intersection
point M and the intersection point N includes
both the line segment MO and the line segment
NO, and a part of the corner end portion is out-
side a region between the line segment MO and
the line segment NO.

2. A blank,

wherein in a square region included in a corner
of a first rectangle, each side of which passes
only through an edge and outside of the blank,
with a length of one side being 40% of a short
side of the first rectangle, the blank is in contact
with both of two sides of a second rectangle that
each side passes only through an edge and
inside of the blank, and
in a rectangular region that passes through two
contact points between two sides of the second
rectangle and the blank and of which a corner
overlaps the first rectangle, the blank is in con-
tact with both of two sides of the first rectangle.

3. The blank according to claim 2, wherein the blank is
in contact with both of the two sides of the first
rectangle within a range of 10% of the length of
the short side of the first rectangle from the corner
of the first rectangle.
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