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Description
Technical Field

[0001] The present invention relates to a method for
designing a press-formed product, a press-forming die,
a press-formed product, and a method for producing the
press-formed product for suppressing shape defects
such as falling and rising of an end of the press-formed
product or overall twisting due to springback at the time
when the press-formed product produced by press-form-
ing a sheet material is removed from the press-forming
die.

Background Art

[0002] Inrecentyears, high-strength steel sheets have
been more widely used in order to reduce the weight of
automobile bodies for improved fuel efficiency. With the
use of the high strength steel sheet, the strength, rigidity
and energy absorbed in a collision of an automobile body
can be increased without increasing the sheet thickness.
[0003] However,in press-forming which is widely used
for processing of body parts of automobiles, failure in
shape freezing called springback becomes a problem.
The springback occurs when a press-formed product pro-
duced by press-forming a steel sheet as a sheet material
is removed from a press-forming die, and becomes larger
when the material strength of the steel sheet increases.
The shape defect due to the springback not only impairs
the external appearance quality, but also causes failure
in welding at the time of assembly of an automobile body.
Therefore, the expansion of the use of the high strength
steel sheet requires springback measures.

[0004] The springback is caused by elastic recovery
generated when a bending moment due to a non-uniform
residual stress is released at the removal of a press-
formed product from a die. Therefore, there has been
proposed a method for mitigating the non-uniform resid-
ual stress and a method for reducing the springback by
improving the rigidity of the press-formed product as a
countermeasure for springback. Moreover, an additional
shape may be arranged on an intermediate formed prod-
uct or a final formed product in order to reduce bending
moment, improve the rigidity of the press-formed product,
control the flow rate of a material, and the like. There
have been proposed some methods in which the addi-
tional shape is effectively arranged to reduce cracking or
wrinkles of the press-formed product and improve the
dimension accuracy thereof.

[0005] For example, Patent Literature 1 proposes a
method that, as an additional shape, an emboss is ar-
ranged on a stretch flange portion and an excess bead
is formed on a shrink flange portion to form an interme-
diate formed product, and, in the subsequent forming of
a final formed product, the emboss is crushed to give the
stretch flange portion a compression stress and a tensile
stress is applied to the shrink flange portion by the excess
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bead, such that the residual stress distribution of the
press-formed product is made uniform.

[0006] Patent Literature 2 proposes a method that a
plurality of groove shapes, as an additional shape, having
a rectangular or circular cross-section are formed on a
metal sheet along a longitudinal direction of a die shoul-
der, such thata bending/unbending deformation moment
applied to the metal sheet when passing through the die
shoulder and a residual stress in the metal sheet after
passing are reduced to mitigate warpage deformation
due to springback after unloading.

[0007] PatentLiterature 3 proposes a method for form-
ing a curved flange that is folded from the end of the
curved panel to form a shrinking flange, wherein a plu-
rality of convex shapes are formed on the flange along
the longitudinal direction as an additional shape to absorb
the compressive force generated in the flange in the lon-
gitudinal direction and to prevent the panel from being
lowered due to springback in the flange.

Citation List
Patent Literature
[0008]

Patent Literature 1: JP-B-5380890
Patent Literature 2: JP-A-H08-281335
Patent Literature 3: JP-A-H07-112219

Summary of Invention
Technical Problem

[0009] Patent Literature 1 proposes a method that, as
an additional shape, an emboss is formed on a stretch
flange portion and an excess bead is formed on a shrink
flange portion to make a residual stress uniform for re-
duction of the springback. However, in a press-formed
product having a low-rigidity shape to which the present
invention is mainly directed, the springback is generated
even by a low stress, and therefore, even a reduction in
stress of a specific portion may be insufficient. Inaddition,
in a state where a new stress is generated as a result of
the reduction in stress of a specific portion, springback
in another form can occur. Therefore, with a press-
formed product having a low-rigidity shape, it is difficult
to efficiently take a countermeasure for springback
through stress control.

[0010] Patent Literature 2 proposes a method that
groove shapes having a rectangular or circular cross-
section are arranged on a metal sheet so that a residual
stress in the metal sheet is reduced to mitigate warpage
deformation after unloading. Patent Literature 3 propos-
es a method that, in forming a panel with a curved flange
to be a shrink flange, convex shapes are formed on the
flange to suppress lowering of the panel, but does not
particularly specify a curvature radius of the bent portion
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of the additional shape. An additional shape protruding
orrecessed on a planar surface has, on a peripheral por-
tion, a concave and convex curved shape having a sub-
stantially S-shaped cross-section where a concave
curved portion and a convex curved portion are contin-
uous. Since the springback in the bent portion usually
varies with the curvature radius, when the additional
shape is provided to the press-formed product, it is nec-
essary to design an appropriate curvature radius of the
bent portions of the concave and convex curved shape
of the additional shape. However, Patent Literatures 2
and 3 do not describe a method for designing a curvature
radius of a bent portion of a concave and convex curved
shape in an additional shape.

[0011] The conventional techniques have problems to
be solved as listed below.

(1) To set a press-formed product with a low rigidity
shape to have an effective measure for springback.
(2) To design an additional shape effective for re-
ducing a shape defect due to springback in a press-
formed product with a low rigidity shape.

[0012] In designing the shape of a press-formed prod-
uct from the past, a curvature radius has been changed
to increase the area of a flat surface of a portion where
high surface accuracy is required such as a joint portion,
by decreasing the curvature radius of a bent portion, or
to prevent cracking by increasing the curvature radius of
the bent portion. However, as described above, it is
known that the larger the curvature radius, the larger the
springback amount (springback angle) in the bent por-
tion.

[0013] The inventors of the present application have
studied the relevance between the curvature radius of
the bent portion and the springback amount, for spring-
back measures with respect to a press-formed product
with a low rigidity shape. As a result, the inventors have
found that, when the curvature radius of the concave
curved portion differs from that of the convex curved por-
tion in a concave and convex curved shape having a
substantially S-shaped cross-section where a concave
curved portion and a convex curved portion are contin-
uous, the springback amount generated in the concave
curved portion differs from that in the convex curved por-
tion, and thus planar portions on both sides of the con-
cave and convex curved shape are not parallel after the
springback, causing displacement in a height direction.
[0014] FIGS. 5(a) to 5(c) are explanatory views of a
cross-section of planar portions on both sides of a con-
cave and convex curved shape, illustrating a state at a
press bottom dead center by a dotted line and a state
after springback by a solid line, where FIG. 5(a)illustrates
the case where a curvature radius R1 of a concave
curved portion is the same as a curvature radius R2 of a
convex curved portion, FIG. 5(b) illustrates the case
where the curvature radius R1 of the concave curved
portion is larger than the curvature radius R2 of the con-
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vex curved portion, and FIG. 5(c) illustrates the case
where the curvature radius R1 of the concave curved
portion is smaller than the curvature radius R2 of the
convex curved portion.

[0015] Asiillustrated in FIG. 5(a), in the case where the
curvature radius R1 of the concave curved portion is the
same as the curvature radius R2 of the convex curved
portion, the springback amounts (springback angles) of
the concave curved portion and the convex curved por-
tion are the same as indicated by the arrow. Meanwhile,
as illustrated in FIG. 5(b), in the case where the curvature
radius R1 of the concave curved portion is larger than
the curvature radius R2 of the convex curved portion, the
springback amount (springback angle) of the concave
curved portion is larger than the springback amount
(springback angle) of the convex curved portion as indi-
cated by the arrow. In addition, as illustrated in Fig. 5(c),
in the case where the curvature radius R1 of the concave
curved portion is smaller than the curvature radius R2 of
the convex curved portion, the springback amount
(springback angle) of the concave curved portionis larger
than the springback amount (springback angle) of the
convex curved portion as indicated by the arrow.
[0016] The displacementin the height direction due to
adifference in springback amount (springback angle) be-
comes larger as the distance from the concave and con-
vex curved shape increases. Therefore, this height di-
rectional displacement distribution becomes a cause of
falling or rising of an end of a press-formed product. Fur-
thermore, when this height directional displacement dis-
tribution is tilted relative to the longitudinal direction of
the press-formed product, it becomes a cause of twisting
of the press-formed product. Furthermore, this tendency
is significantin a high strength material or a press-formed
productwith a low rigidity in which the springback is large.
[0017] The present invention has been made in light
of the aforementioned knowledge of the present inventor
to solve the problems in prior arts. An object of the present
invention is to provide a method for designing a press-
formed product that can design a concave and convex
curved shape effective for reducing a shape defect after
the springback of a press-formed product with a low ri-
gidity shape, a press-forming die and a press-formed
product using the design method, and a method for pro-
ducing the press-formed product.

Solution to Problem

[0018] A method for designing a press-formed product
of the present invention is characterized in that:

inorderto suppress a shape defect of a press-formed
product due to springback at a time when the press-
formed product is removed from a die,

in designing a shape of the press-formed product
produced by press-forming a sheet material,

an additional shape having a concave and convex
curved shape where a concave curved portion and
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a convex curved portion are continuous is arranged
on the press-formed product, and

acurvature radius of the concave curved portion and
a curvature radius of the convex curved portion of
the concave and convex curved shape are set to be
the same.

[0019] In addition, a press-forming die of the present
invention using the aforementioned design method is,
in order to suppress a shape defect of a press-formed
product due to springback at a time when the press-
formed product is removed from a die,

a press-forming die for producing a press-formed product
provided with an additional shape having a concave and
convex curved shape where a concave curved portion
and a convex curved portion are continuous from a sheet
material,

characterized in that

the press-forming die is provided with a die member in-
cluding shoulder portions that each form the concave
curved portion and the convex curved portion of the con-
vex curved shape of the additional shape arranged on
the press-formed product, and

curvature radii of the shoulder portions of the die member
are the same.

[0020] Further, a press-formed product of the present
invention using the aforementioned design method is,
in order to suppress a shape defect of a press-formed
product due to springback at a time when the press-
formed product is removed from a die,

a press-formed product produced by press-forming a
sheet material and provided with an additional shape
having a concave and convex curved shape where a con-
cave curved portion and a convex curved portion are con-
tinuous,

in which

a curvature radius of the concave curved portion and a
curvature radius of the convex curved portion of the con-
cave and convex curved shape are the same.

[0021] Further, a method for producing a press-formed
product of the present invention is characterized in that:

inorderto suppress ashape defectof a press-formed
product due to springback at a time when the press-
formed product is removed from a die,

in producing a press-formed product provided with
an additional shape having a concave and convex
curved shape where a concave curved portion and
a convex curved portion are continuous by press-
forming a sheet material,

acurvature radius of the concave curved portion and
a curvature radius of the convex curved portion of
the concave and convex curved shape are set to be
the same.

Note that, in this description, "same" may be used
when one curvature radius falls within preferably the
range of =10% of the other curvature radius, more
preferably within the range of =5%.
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Advantageous Effects of Invention

[0022] By the method for designing a press-formed
product of the present invention, the additional shape
having the concave and convex curved shape where the
concave curved portion and the convex curved portion
are continuous is arranged on the press-formed product,
and the curvature radius of the concave curved portion
and the curvature radius of the convex curved portion of
the concave and convex curved shape are set to be the
same. Therefore, the planar portions on both sides of the
concave and convex curved shape of the press-formed
product become parallel to each other after the spring-
back, irrespective of the springback amount, and thus
falling or rising of an end of the press-formed product and
twisting of the press-formed product can be suppressed,
resulting that and a shape defect of the press-formed
product due to the springback can be suppressed.
[0023] Inaddition, the press-forming die of the present
invention produces a press-formed product provided with
the additional shape having the concave and convex
curved shape where the concave curved portion and the
convex curved portion are continuous from a sheet ma-
terial, and is provided with a die member having shoulder
portions that form the concave curved portion and the
convex curved portion of the concave and convex curved
shape, and curvature radii of cross-sections of the shoul-
der portions are the same. Therefore, the planar portions
on both sides of the concave and convex curved shape
of the press-formed product whose concave curved por-
tion and convex curved portion are formed by the shoul-
der portions become parallel to each other after the
springback irrespective of the springback amount, and
falling or rising of an end of the press-formed product and
twisting of the press-formed product can be suppressed,
resulting that a shape defect of the press-formed product
due to the springback can be suppressed.

[0024] Further, with the press-formed product and by
the method for producing the press-formed product of
the present invention, the additional shape having the
concave and convex curved shape where the concave
curved portion and the convex curved portion are con-
tinuous is arranged, and the curvature radius of the con-
cave curved portion and the curvature radius of the con-
vex curved portion of the concave and convex curved
shape are the same. Therefore, the planar portions on
both sides of the concave and convex curved shape of
the press-formed product become parallel to each other
after the springback, irrespective of the springback
amount, and falling or rising of an end of the press-formed
product and twisting of the press-formed product can be
suppressed and a shape defectof the press-formed prod-
uct due to the springback can be suppressed.

[0025] Note that, by the method for designing a press-
formed product, the press-forming die, the press-formed
product, and the method for producing the press-formed
product of the present invention, the additional shape
having the concave and convex curved shape where the
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concave curved portion and the convex curved portion
are continuous may be added to improve the rigidity of
the press-formed product. Thus, the rigidity of the press-
formed product can be improved by the additional shape
to reduce the springback amount, and the shape defect
of the press-formed product due to the springback can
be suppressed.

Brief Description of Drawings
[0026]

FIG. 1 is a perspective view illustrating a press-
formed product of an embodiment of the present in-
vention designed by a method for designing a press-
formed product of an embodiment of the present in-
vention.

FIGS. 2(a) and 2(b) are cross-sectional views of a
rigidity shape of the press-formed product of the
aforementioned embodiment along line A-A and line
B-B of FIG. 1.

FIG. 3 is a plan view illustrating a height directional
displacement distribution by a springback analysis
of a press-formed product of a comparative example
by displacement contour.

FIG. 4 is a plan view illustrating a height directional
displacement distribution by a springback analysis
of the press-formed product of the aforementioned
embodiment by displacement contour.

FIGS. 5(a) to 5(c) are explanatory views of a cross-
section of planar portions on both sides of a concave
and convex curved shape, illustrating a state at press
bottom dead center by a dotted line and a state after
springback by a solid line, where FIG. 5(a) illustrates
the case where the curvature radius R1 of a concave
curved portion is the same as the curvature radius
R2 of a convex curved portion, FIG. 5(b) illustrates
the case where the curvature radius R1 of the con-
cave curved portion is larger than the curvature ra-
dius R2 of the convex curved portion, and FIG. 5(c)
illustrates the case where the curvature radius R1 of
the concave curved portion is smaller than the cur-
vature radius R2 of the convex curved portion.

Description of Embodiments

[0027] Embodiments of the present invention will be
described in detail below on the basis of the drawings.
Here, FIG. 1 is a perspective view illustrating a press-
formed product of an embodiment of the present inven-
tion designed by a method for designing a press-formed
product of an embodiment of the presentinvention. FIGS.
2(a)and 2(b) are cross-sectional views of a rigidity shape
of the press-formed product of the aforementioned em-
bodiment along line A-A and line B-B of FIG. 1. FIG. 3 is
a plan view illustrating a height directional displacement
distribution by a springback analysis of a press-formed
product having an original shape, which is a comparative
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example, by displacement contour. FIG. 4 is a plan view
illustrating a height directional displacement distribution
by a springback analysis of the press-formed product of
the aforementioned embodiment by displacement con-
tour. In the drawings, reference numeral 1 denotes a
press-formed product.

[0028] The method for designing a press-formed prod-
uct according to the aforementioned embodiment is to
design the press-formed product 1, which is a front pillar
lower inner material as a type of a body part of an auto-
mobile, and the press-formed product 1 has a thin trap-
ezoidal shape that is easy to bend and twist, i.e., a shape
with low rigidity, when it is without additional shapes 2,
3 illustrated in FIG. 1. Note that a press-formed product
to be an automobile body part often has such low rigidity
shape. Therefore, the press-formed product 1 is provid-
ed, on a planar surface of the thin trapezoidal shape, with
two additional shapes 2, 3 having an elliptical shape in
a plan view and a planar top surface, for improvement of
the rigidity.

[0029] The additional shapes 2, 3 of the aforemen-
tioned press-formed product 1 each have, at a peripheral
edge portion, a concave and convex curved shape 4 hav-
ing a substantially S-shaped cross-section where a con-
cave curved portion and a convex curved portion are con-
tinuous, as the cross-sectional shapes are illustrated in
FIGS. 2(a) and (b). In designing the shape of the press-
formed product 1, in the case of the original shape, a
radius R1 of the concave curved portion and a radius R2
of the convex curved portion of the concave and convex
curved shape 4 are set to mutually different values, i.e.,
R1 > R2, as illustrated in FIG. 5(b), for example. The
press-formed product 1 having the original shape is sub-
jected to a press formation analysis and a springback
analysis with a computer using known software. As a
result, as indicated by displacement contours based on
a reference height point designated by reference symbol
Oin FIG. 3, it can be seen that falling occurs largely on
the left side of the additional shape 3 because a negative
Z-directional displacement is large, and that the press-
formed product 1 is twisted in the upper left direction from
the additional shape 2 because a negative Z-directional
displacement is much larger.

[0030] Therefore, by the method for designing a press-
formed product of the present embodiment, a radius R1
of a concave curved portion and a radius R2 of a convex
curved portion of a concave and convex curved shape 4
having a substantially S-shaped cross-section where the
concave curved portion and the convex curved portion
are continuous at a peripheral edge portion of each of
the additional shapes 2, 3 are set to the same value, i.e.,
R1=R2, as illustrated in FIG. 5(a), for example, thereby
designing the press-formed product 1 of the aforemen-
tioned embodiment.

[0031] As is the case of the original shape, the press-
formed product 1 of the present embodiment in which
the radius R1 of the concave curved portion and the ra-
dius R2 of the convex curved portion have the same value
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is subjected to a press formation analysis and a spring-
back analysis with a computer using known software. As
a result, as indicated by displacement contours based
on areference height point designated by reference sym-
bol O in FIG. 4, it can be seen that falling is smaller than
the original shape on the left side of the additional shape
3 because a negative Z-directional displacement is de-
creased, and thatthe press-formed product 1 is less twist-
ed than the original shape in the upper left direction from
the additional shape 2. Thus, by the design method of
the presentembodiment and with the press-formed prod-
uct 1 of the present embodiment, falling or rising of an
end of the press-formed product and twisting of the press-
formed product can be suppressed, and a shape defect
of the press-formed product due to the springback can
be suppressed.

[0032] A sheet material forming the press-formed
product 1 of the presentembodiment can be, forexample,
a 980 MPa-class high-tensile steel sheet having a thick-
ness t: 0.9 mm, a yield point YP: 620 MPa, a tensile
strength TS: 1030 MPa, and an elongation El: 15%. The
method for producing a press-formed product of an em-
bodiment of the present invention uses a press-forming
die of an embodiment of the present invention to press-
form the steel sheet so as to form the press-formed prod-
uct 1 of the aforementioned embodiment.

[0033] Therefore, the press-forming die of the afore-
mentioned embodiment includes, as a die member, a
normal punch, die, and blank holder. The die has a thin
trapezoidal shape above outward flanges positioned, in
FIG. 1, atupperand lower ends of the press-formed prod-
uct 1 and a concave portion having a shape that corre-
sponds to the additional shapes 2, 3 protruding from a
planar surface of the trapezoidal shape. The blank holder
holds a steel sheet between the blank holder and a plane
surface extending outward from the concave portion of
the die. The punch pushes the steel sheet, which is held
between the die and the blank holder, into the concave
portion of the die to form the steel sheet into a thin trap-
ezoidal shape, and pushes a convex portion of the lead-
ing end of the punch into the concave portion of the die
so as to form the additional shapes 2, 3 by extrusion on
the planar surface of the trapezoidal shape.

[0034] Here, radii of cross-sectional shapes of shoul-
der portions of concave portions of the die of the press-
forming die of the aforementioned embodiment that form
the concave curved portions of the additional shapes 2,
3 are made to be substantially equal to the radius R1 of
the concave curved portion, and radii of cross-sectional
shapes of shoulder portions of convex portions of a lead-
ing end of the punch that form the convex curved portions
of the additional shapes 2, 3 are made to be substantially
equal to the radius R2 of the convex curved portion, such
thatthe radii of the cross-sectional shapes of the shoulder
portions are equal to each other.

[0035] The press-formed product 1 produced using the
press-forming die of the aforementioned embodiment by
the method for producing the press-formed product of
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the aforementioned embodiment becomes the press-
formed product of the aforementioned embodiment in
which the radius R1 of the concave curved portion and
the radius R2 of the convex curved portion of the addi-
tional shapes 2, 3 are the same, and with the press-
formed product and the method for producing the press-
formed product of the present embodiment, falling or ris-
ing of an end of the press-formed product and twisting
of the press-formed product due to the springback of the
press-formed product can be suppressed, resulting that
a shape defect of the press-formed product due to the
springback can be suppressed.

[0036] The embodiments have been described here-
tofore. However, the method for designing a press-
formed product, the press-forming die, the press-formed
product, and the method for producing the press-formed
product of the present invention are not limited to the
aforementioned embodiments, but can be appropriately
changed within the scope of the claims. For example, the
shape of the press-formed product or the additional
shapes may be those other than those illustrated in FIG.
1, and the concave and convex curved shape having the
substantially S-shaped cross-section where the concave
curved portion and the convex curved portion are con-
tinuous is not limited to the additional shape for improve-
ment of the rigidity, but may be an additional shape for
reduction of a bending moment, control of the flow rate
of a material, and the like.

Industrial Applicability

[0037] Thus, by the method for designing a press-
formed product, the press-forming die, the press-formed
product, and the method for producing the press-formed
product of the present invention, falling and rising of an
end of the press-formed product and twisting of the press-
formed product due to the springback can be sup-
pressed, and a shape defect of the press-formed product
due to the springback can be suppressed.

Reference Signs List

[0038]

1 press-formed product

2,3  additional shape

4 concave and convex curved shape

R1 radius of concave curved portion
R2  radius of convex curved portion

Claims

1. A method for designing a press-formed product,
characterized in that
in designing a shape of a press-formed product pro-
duced by press-forming a sheet material,
an additional shape having a concave and convex
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curved shape where a concave curved portion and
a convex curved portion are continuous is arranged
on the press-formed product, and

acurvature radius of the concave curved portion and
a curvature radius of the convex curved portion of
the concave and convex curved shape are set to be
the same.

The method for designing a press-formed product
according to claim 1, wherein

the additional shape is added to improve rigidity of
the press-formed product.

A press-forming die for producing a press-formed
product provided with an additional shape having a
concave and convex curved shape where a concave
curved portion and a convex curved portion are con-
tinuous from a sheet material,

characterized in that

the press-forming die is provided with a die member
including shoulder portions that each form the con-
cave curved portion and the convex curved portion
of the convex curved shape of the additional shape
arranged on the press-formed product, and
curvature radii of the shoulder portions of the die
member are the same.

The press-forming die according to claim 3, wherein
the additional shape is added to improve rigidity of
the press-formed product.

A press-formed product produced by press-forming
a sheet material and provided with an additional
shape having a concave and convex curved shape
where a concave curved portion and a convex
curved portion are continuous,

characterized in that

acurvature radius of the concave curved portion and
a curvature radius of the convex curved portion of
the concave and convex curved shape are the same.

The press-formed product according to claim 5,
wherein

the additional shape is added to improve rigidity of
the press-formed product.

A method for producing a press-formed product,
characterized in that

in producing a press-formed product provided with
an additional shape having a concave and convex
curved shape where a concave curved portion and
a convex curved portion are continuous by press-
forming a sheet material,

acurvature radius of the concave curved portion and
a curvature radius of the convex curved portion of
the concave and convex curved shape are set to be
the same.
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8.

The method for producing a press-formed product
according to claim 7, wherein

the additional shape is added to improve rigidity of
the press-formed product.
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