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(57) A press formed product includes a top panel
part, vertical wall parts, and ridge line parts between the
vertical wall parts and the top panel part, and includes a
shape-changing part in a part of the ridge line parts. A
producing method of the press formed product includes
a preparation step of preparing a metal sheet as a starting
material, and a press working step of performing press
working on the starting material by using a punch, and a
pad and a die that are paired with the punch. The press
working step includes a first step of forming, by the punch
and the pad, the entire region of the top panel part, the
entire region of each of the ridge line parts including the
shape-changing part, and a region up to a predetermined
height from the border between the vertical wall part and
the ridge line part of a region of each of the vertical wall
parts, and a second step of forming, subsequent to the
first step, by the punch and the die, the remaining regions
with the starting material sandwiched between the punch
and the pad.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a method and
an apparatus for producing a press formed product used
in automobiles, various vehicles other than automobiles,
home appliances, vessels, architectural materials, etc.

BACKGROUND ART

[0002] For example, the car body of an automobile in-
cludes various structural members (examples: floor
cross members, side sills, side members, etc.). Press
formed products, which use metal sheets such as steel
sheets as their starting materials, are heavily used in the
structural members. Due to the advantages over material
rupture, shape fixability, and producing cost at the time
of press forming, in many cases, a press formed product
is obtained by performing press working on a metal sheet
through bending forming. The press formed product has,
for example, a channel cross-section shape or a hat-
shaped cross-section shape. The press formed product
having a channel cross-section includes a top panel part
and a pair of vertical wall parts extending from the top
panel part. The press formed product having a hat-
shaped cross-section further includes a pair of flange
parts extending from the respective vertical wall parts.
[0003] FIG. 1 is an illustration schematically showing
a configuration example of a press forming apparatus
that performs general bending forming. As shown in FIG.
1, a press forming apparatus 1 is an apparatus for pro-
ducing a press formed product having a channel cross-
section or a hat-shaped cross-section. FIG. 1 illustrates
the case of producing a press formed product having a
hat-shaped cross-section (see a dashed line in FIG. 1).
The press forming apparatus 1 includes a punch 2 as a
lower die, and includes a die 3 and a pad 5, which are
paired with the punch 2, as an upper die. The pad 5 is
supported by the die 3 or by an upper die holder or slide
integrally operated with the die 3 via a pressure member
4. The pad 5 can be received in the die 3, and constitutes
a part of the die 3 with being received in the die 3.
[0004] The bending forming of forming a metal sheet
6 into a press formed product by such press forming ap-
paratus 1 is performed as follows. Before the forming,
the metal sheet 6 is sandwiched between the punch 2
and the pad 5. That is, before staring the pushing-in of
the metal sheet 6 into the die 3 by the punch 2, a portion
of the metal sheet 6, which portion is formed into a top
panel part of the press formed product, is restrained by
the punch 2 and the pad 5. In this state, the die 3 is
descended to a bottom dead point. In this manner, the
top panel part of the press formed product is formed along
a top surface (a front end surface) 2a of the punch 2.
Vertical wall parts are formed along side surfaces 2b of
the punch 2. Ridge line parts are formed between the top
panel part and the vertical wall parts. The ridge line parts

connecting the top panel part to the vertical wall parts
are formed along punch shoulder parts 2c of the punch
2. Hereinafter, such bending forming is referred to as the
pad bending forming.
[0005] In these years, it is required for automobiles to
save the car body weight, so as to improve the fuel econ-
omy, which contributes to prevention of global warming.
Further, the improvement of the safety at the time of col-
lision accident is required. Because of these require-
ments, a high-strength steel sheet having a tensile
strength of 440 MPa or more is used as the metal sheet
6, which is the starting material of the structural member.
For example, a 590 MPa-class high-strength steel sheet
is also used, and in some cases, a 980 MPa-class high-
strength steel sheet, or even a 1180 MPa-class high-
strength steel sheet is used.
[0006] Additionally, the shapes of the structural mem-
bers may become relatively complex. This is because of
the design constraints, such as prevention of the inter-
ference between the structural members and the other
members, bonding between the structural members and
the other members, securing of a desired space, etc.
[0007] FIGS. 2 to 8 are perspective views showing ex-
amples of press formed products having relatively com-
plex shapes. Among these figures, FIG. 2 shows a first
exemplary press formed product 7 formed from a high-
strength steel sheet having a tensile strength of 590 MPa
or more (an alloyed hot-dip galvanized steel sheet made
of DP (Dual Phase) steel having a sheet thickness of 1.2
mm). FIGS. 3 to 8 show second to seventh exemplary
press formed products 7 formed from a high-strength
steel sheet having a tensile strength of 440 MPa or more
(an alloyed hot-dip galvanized steel sheet, a non-plated
steel sheet, etc. having a sheet thickness of about 1.2
mm), respectively.
[0008] Each of the cross-section shapes of the first to
seventh exemplary press formed products 7 is a hat
shape. That is, each of the press formed products 7 in-
cludes a top panel part 7a, vertical wall parts 7c extending
from the left and right ends of the top panel part 7a, ridge
line parts 7b between the top panel part 7a and the ver-
tical wall parts 7c, and flange parts 7d extending from
the lower ends of the respective vertical wall parts 7c.
Further, the press formed product 7 includes shape-
changing parts 9 in parts of the ridge line parts 7b.
[0009] In the first exemplary press formed product 7
shown in FIG. 2, the shape-changing parts 9 are provided
in both of the ridge line parts 7b on both ends of the top
panel part 7a. In these shape-changing parts 9, the height
of the ridge line parts 7b is changed at local portions
located in almost middle of the lengthwise direction of
the press formed product 7. In this case, a step height
part 8 is formed in the top panel part 7a in a region con-
necting the shape-changing parts 9 to each other.
[0010] In the second exemplary press formed product
7 shown in FIG. 3, the shape-changing parts 9 are pro-
vided in both of the ridge line parts 7b on both ends of
the top panel part 7a. In these shape-changing parts 9,
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the height of the ridge line parts 7b is changed in a wide
area almost in the middle of the lengthwise direction of
the press formed product 7. In this case, the height of
the top panel part 7a gently changes corresponding to
the positions of the shape-changing parts 9.
[0011] In the third exemplary press formed product 7
shown in FIG. 4, the shape-changing part 9 is provided
in one of the ridge line parts 7b on both ends of the top
panel part 7a. This shape-changing part 9 change the
arc length in a cross section of the ridge line part 7b at a
local portion almost in the middle of the lengthwise direc-
tion of the press formed product 7. In this case, the angle
between the top panel part 7a and the vertical wall part
7c changes corresponding to the position of the shape-
changing part 9.
[0012] In the fourth exemplary press formed product 7
shown in FIG. 5, the shape-changing parts 9 are provided
in both of the ridge line parts 7b on both ends of the top
panel part 7a. In these shape-changing parts 9, the ridge
line parts 7b are twisted in a wide area almost in the
middle of the lengthwise direction of the press formed
product 7. In this case, the top panel part 7a and the
vertical wall parts 7c are twisted corresponding to the
positions of the shape-changing parts 9.
[0013] In the fifth exemplary press formed product 7
shown in FIG. 6, the shape-changing parts 9 are provided
in both of the ridge line parts 7b on both ends of the top
panel part 7a. In these shape-changing parts 9, the ridge
line parts 7b are warped in the width direction of the press
formed product 7 in a wide area almost in the middle of
the lengthwise direction of the press formed product 7.
In this case, the top panel part 7a and the vertical wall
parts 7c are warped in the width direction of the press
formed product 7 corresponding to the positions of the
shape-changing parts 9.
[0014] In the sixth exemplary press formed product 7
shown in FIG. 7, the shape-changing part 9 is provided
in one of the ridge line parts 7b on both ends of the top
panel part 7a. In the shape-changing part 9, this ridge
line part 7b is hollowed in the width direction of the press
formed product 7 at a local portion almost in the middle
of the lengthwise direction of the press formed product
7. In this case, the top panel part 7a and the vertical wall
parts 7c are hollowed in the width direction of the press
formed product 7 corresponding to the position of the
shape-changing part 9.
[0015] In the seventh exemplary press formed product
7 shown in FIG. 8, the shape-changing part 9 is provided
in one of the ridge line parts 7b on both ends of the top
panel part 7a. In this shape-changing part 9, the radius
of curvature of a cross section of the ridge line part is
changed in an area from almost the middle to one end
of the lengthwise direction of the press formed product
7. In this case, the width of the top panel part 7a and the
height of the vertical wall part 7c are changed corre-
sponding to the position of the shape-changing part 9.
[0016] When cold producing the first exemplary press
formed product 7 shown in FIG. 2 from a high-strength

steel sheet by the pad bending forming shown in FIG. 1,
the following problems occur. In the press formed product
7, a wrinkle is generated in the regions of the shape-
changing parts 9 of the ridge line part 7b and in the re-
gions in the vicinity thereof (the vertical wall parts 7c,
etc.).
[0017] Such a wrinkle similarly occurs even in the sec-
ond to seventh exemplary press formed products 7
shown in FIGS. 3 to 8.
[0018] Aiming to suppress the occurrence of such a
wrinkle reduces the degree of freedom in designing the
structural members. This is because the various dimen-
sions of the shape-changing parts 9 in the ridge line parts
7b are restricted in accordance with the press formability
of a high-strength steel sheet, which is a starting material.
[0019] The prior arts for preventing the occurrence of
a wrinkle in press formed products are disclosed in, for
example, Japanese Patent Application Publication No.
2010-115674 (Patent Literature 1) and Japanese Patent
Application Publication No. 2012-024837 (Patent Litera-
ture 2).
[0020] Patent Literature 1 discloses the technique for
applying concavo-convex beads to vertical wall parts and
flange parts. With the application of the beads, the line
length difference is reduced that is generated in an end
part of a starting material before and after bending form-
ing. In this manner, the generation of wrinkles is sup-
pressed.
[0021] Patent Literature 2 is directed to the production
of a press formed product having a hat-shaped cross-
section shape and bent in the width direction, and dis-
closes the technique for suppressing wrinkles generated
in outer vertical wall parts, etc. of a bending portion of
the press formed product. In this technique, an excess
thickness portion is provided only on the outer side of the
bending portion. At the time of press forming, the excess
thickness portion is bent in the direction opposite to the
press direction by upper and lower dies, and is also sand-
wiched between the dies. In this manner, tensile force is
applied to the outside of the bending portion, and the
generation of wrinkles is suppressed.

CITATION LIST

PATENT LITERATURE

[0022]

Patent Literature 1: Japanese Patent Application
Publication No. 2010-115674
Patent Literature 2: Japanese Patent Application
Publication No. 2012-024837

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0023] According to the technique disclosed in Patent
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Literature 1, concavo-convex shapes of beads appear
on the press formed product. Therefore, the application
of this technique is limited to the production of a special
press formed product.
[0024] The technique disclosed in Patent Literature 2
cannot be necessarily applied to the production of all of
the above-described first to seventh exemplary press
formed products 7. Additionally, according to this tech-
nique, because the excess thickness portion exists, the
yield reduction cannot be avoided.
[0025] As described above, according to the prior art,
when forming the press formed product having a shape-
changing part in a part of the ridge line parts from a high-
strength steel sheet having a tensile strength of, for ex-
ample, 440 MPa or more, it is impossible to reduce the
generation of wrinkles in the region of the shape-chang-
ing part and the region in the vicinity thereof.
[0026] An object of the present invention is to provide
a producing method and a producing apparatus of a press
formed product that can reduce the generation of wrin-
kles in the region of the shape-changing part and the
region in the vicinity thereof, even in the case where, for
example, a high-strength steel sheet is used as the start-
ing material, when forming the press formed product hav-
ing a channel cross-section or a hat-shaped cross-sec-
tion and including a shape-changing part in a part of the
ridge line parts.

SOLUTION TO PROBLEM

[0027]

(1) A producing method according to an embodiment
of the present invention is a method for producing a
press formed product from a starting material.
The press formed product includes a top panel part,
vertical wall parts respectively extending from both
ends of the top panel part, and ridge line parts be-
tween the vertical wall parts and the top panel part,
and includes a shape-changing part in a part of the
ridge line parts.
The producing method includes:

a preparation step of preparing a metal sheet as
the starting material; and
a press working step of performing press work-
ing on the starting material by using a punch,
and a pad and a die that are paired with the
punch.

The press working step includes:

a first step of forming, by the punch and the pad,
at least a region adjacent to the shape-changing
part of a region of the top panel part, at least a
region of the shape-changing part of a region of
each of the ridge line parts, and at least a region

adjacent to the shape-changing part of a region
of each of the vertical wall parts and up to a
predetermined height from a border between the
vertical wall part and the ridge line part; and
a second step of forming, subsequent to the first
step, by the punch and the die, the remaining
regions, with the starting material sandwiched
between the punch and the pad.

In the producing method according to the above-de-
scribed (1), it is preferable that the predetermined
height is 2 mm or more from the border between the
vertical wall part and the ridge line part, and is equal
to or less than a half of the total height of the vertical
wall part.
The producing method of the above-described (1)
can employ the following configuration.
In the first step, the entire region of the top panel
part, the entire region of each of the ridge line parts,
and a region up to the predetermined height from
the border between the vertical wall part and the
ridge line part of a region of each of the vertical wall
parts are formed by the punch and the pad.
In the second step, a region beyond the predeter-
mined height of the region of each of the vertical wall
parts is formed by the punch and the die.
The producing method of the above-described (1)
can employ the following configuration.
The shape-changing part of the ridge line part is at
least one of (a) to (f) as follows:

(a) the height of the ridge line part is changed;
(b) the arc length in the cross section of the ridge
line part is changed;
(c) the ridge line part is twisted;
(d) the ridge line part is bent in the width direc-
tion;
(e) the ridge line part protrudes or is hollowed in
the width direction; and
(f) the radius of curvature in the cross section of
the ridge line part is changed.

(2) A producing apparatus according to an embodi-
ment of the present invention is an apparatus for
producing a press formed product from a starting
material.
The press formed product includes a top panel part,
vertical wall parts respectively extending from both
ends of the top panel part, and ridge line parts be-
tween the vertical wall parts and the top panel part,
and includes a shape-changing part in a part of the
ridge line parts.
The producing apparatus includes a punch, and a
pad and a die that are paired with the punch.
The punch includes a front end surface correspond-
ing to a region of the top panel part, side surfaces
corresponding to regions of the respective vertical
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wall parts, and punch shoulder parts corresponding
to regions of the respective ridge line parts.
The pad includes a bottom surface corresponding to
at least a region adjacent to the shape-changing part
of a region of the top panel part, a corner part cor-
responding to at least a region of the shape-changing
part of a region of each of the ridge line parts, and
an inner side surface corresponding to at least a re-
gion adjacent to the shape-changing part of a region
of each of the vertical wall parts and up to a prede-
termined height from a border between the vertical
wall part and the ridge line part.
(3) A producing apparatus of a press formed product
according to an embodiment of the present invention
includes a punch, a pad and a die.

[0028] The punch includes a front end surface, side
surfaces, and punch shoulder parts provided between
the front end surface and the side surfaces. The punch
shoulder parts are provided with a shape-changing part
in a part of a longitudinal direction of the punch.
[0029] The pad includes a bottom surface opposing
the front end surface of the punch, inner side surfaces
opposing a part of the side surfaces of the punch, and
corner parts provided between the bottom surface and
the inner side surfaces and opposing the punch shoulder
parts.
[0030] The die includes inner side surfaces opposing,
of regions of the side surfaces of the punch, regions ex-
cept for regions opposing the inner side surfaces of the
pad.
[0031] In the producing apparatus according to the
above-described (2), it is preferable that the predeter-
mined height is 2 mm or more from the border between
the vertical wall part and the ridge line part, and is equal
to or less than a half of the total height of the vertical wall
part.
[0032] The producing apparatus according to the
above-described (2) can employ the following configura-
tion.
[0033] The bottom surface of the pad corresponds to
the entire region of the top panel part. Each of the corner
parts of the pad corresponds to the entire region of each
of the ridge line parts. Each of the inner side surfaces of
the pad corresponds to a region up to the predetermined
height from the border between the vertical wall part and
the ridge line part of a region of each of the vertical wall
parts.
[0034] The die includes inner side surfaces corre-
sponding to regions beyond the predetermined height of
regions of the respective vertical wall parts.
[0035] In the case of this producing apparatus, it is pref-
erable that the following configuration is employed.
[0036] The die is divided to correspond to each of the
vertical wall parts.
[0037] The producing apparatus includes a die moving
mechanism that moves each of the dies toward a respec-
tive one of the side surfaces of the punch after completion

of pushing-in of the starting material into the pad by the
punch.

ADVANTAGEOUS EFFECTS OF INVENTION

[0038] According to the present invention, it is possible
to reduce the occurrence of a wrinkle in the region of the
shape-changing part and the region in the vicinity thereof,
even in the case where, for example, a high-strength steel
sheet is used as the starting material, when forming the
press formed product having a channel cross-section or
a hat-shaped cross-section including the shape-chang-
ing part in a part of the ridge line part.

BRIEF DESCRIPTION OF DRAWINGS

[0039]

[FIG. 1] FIG. 1 is a cross-sectional view schemati-
cally showing an exemplary structure of a press
forming apparatus performing general bending form-
ing.
[FIG. 2] FIG. 2 is a perspective view showing an ex-
ample of a press formed product having a relatively
complex shape.
[FIG. 3] FIG. 3 is a perspective view showing an ex-
ample of a press formed product having a relatively
complex shape.
[FIG. 4] FIG. 4 is a perspective view showing an ex-
ample of a press formed product having a relatively
complex shape.
[FIG. 5] FIG. 5 is a perspective view showing an ex-
ample of a press formed product having a relatively
complex shape.
[FIG. 6] FIG. 6 is a perspective view showing an ex-
ample of a press formed product having a relatively
complex shape.
[FIG. 7] FIG. 7 is a perspective view showing an ex-
ample of a press formed product having a relatively
complex shape.
[FIG. 8] FIG. 8 is a perspective view showing an ex-
ample of a press formed product having a relatively
complex shape.
[FIG. 9] FIG. 9 is a perspective view showing an ex-
ample of the structure of a producing apparatus used
in producing a press formed product according to a
first embodiment of the present invention.
[FIG. 10] FIG. 10 is a perspective view showing an
example of the structure of a producing apparatus
used in producing the press formed product accord-
ing to the first embodiment of the present invention.
[FIG. 11] FIG. 11 is a perspective view showing an
example of the structure of a producing apparatus
used in producing the press formed product accord-
ing to the first embodiment of the present invention.
[FIG. 12A] FIG. 12A is a diagram showing the status
of a press working step by the producing apparatus
of the first embodiment, and showing the state before
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starting the forming.
[FIG. 12B] FIG. 12B is a diagram showing the status
of the press working step by the producing apparatus
of the first embodiment, and showing the state of the
early phase of the forming.
[FIG. 12C] FIG. 12C is a diagram showing the status
of the press working step by the producing apparatus
of the first embodiment, and showing the state at the
completion of the forming.
[FIG. 13A] FIG. 13A is a diagram showing the status
of a press working step by a producing apparatus of
a second embodiment, and showing the state before
starting the forming.
[FIG. 13B] FIG. 13B is a diagram showing the status
of the press working step by the producing apparatus
of the second embodiment, and showing the state
of the early phase of the forming.
[FIG. 13C] FIG. 13C is a diagram showing the status
of the press working step by the producing apparatus
of the second embodiment, and showing the state
at the completion of the forming.
[FIG. 14A] FIG. 14A is a diagram showing the status
of a press working step by a producing apparatus of
a third embodiment, and showing the state before
starting the forming.
[FIG. 14B] FIG. 14B is a diagram showing the status
of the press working step by the producing apparatus
of the third embodiment, and showing the state of
the early phase of the forming.
[FIG. 14C] FIG. 14C is a diagram showing the status
of the press working step by the producing apparatus
of the third embodiment, and showing the state at
the completion of the forming.
[FIG. 15] FIG. 15 is a graph showing the study result
of an example.

DESCRIPTION OF EMBODIMENTS

[0040] As a result of a great deal of considerations for
solving the above-described objects, the inventors have
obtained the following findings.
[0041] When forming, by the pad bending forming, a
press formed product having a channel cross-section or
a hat-shaped cross-section including a shape-changing
part in a part of a ridge line part, a region of a material
metal sheet, which region is formed into a top panel part,
is restrained by a punch and a pad from beginning to
end. On the other hand, the region formed into the ridge
line part and the region formed into the vertical wall part
are processed sequentially with the pushing-in of the
punch into the die, after the region of the top panel part
is restrained by the punch and the pad. Then, at the time
when the pushing-in of the punch into the die reaches
the bottom dead point, the regions of the ridge line part
and the vertical wall part are restrained by the punch and
the die. Consequently, when press working the ridge line
part including the shape-changing part, the material gath-
ers to the region of the shape-changing part and the re-

gion in the vicinity thereof from the peripheral regions,
and it is likely that an excessive material excess is gen-
erated. This excessive material excess causes wrinkles
in the region of the shape-changing part and the region
in the vicinity thereof.
[0042] In view of above, it can be said that the gener-
ation of wrinkles can be reduced by suppressing the ex-
cessive material excess in the region of the shape-chang-
ing part and the region in the vicinity thereof. In order to
do so, the region restrained by the punch and the pad
from the early phase of the press working (hereinafter
referred to as the "restrained region") should be in-
creased. The restrained region is not only the region of
the top panel part, but also the region of the shape-chang-
ing part and a part of the region of the vertical wall part
adjacent to the shape-changing part, where a wrinkle is
likely to be generated. In this manner, at the time of press
working, there is no room for a material excess to be
generated in the region of the shape-changing part and
the region in the vicinity thereof, and the generation of
wrinkles is reduced.
[0043] The present invention has been completed on
the basis of the above-described findings. Hereinafter, a
description will be given of embodiments of the present
invention with reference to the drawings.

[First Embodiment]

[0044] FIGS. 9 to 11 are perspective views showing
an example of the structure of a producing apparatus
used in producing a press formed product in a first em-
bodiment of the present invention. Each of the producing
apparatuses 10 shown in FIGS. 9 to 11 is a press forming
apparatus. The press forming apparatus 10 shown in
FIG. 9 is an apparatus that produces the first exemplary
press formed product 7 having the hat-shaped cross-sec-
tion shown in the above-described FIG. 2. The press
forming apparatus 10 shown in FIG. 10 is an apparatus
that produces the second exemplary press formed prod-
uct 7 having the hat-shaped cross-section shown in the
above-described FIG. 3. The press forming apparatus
10 shown in FIG. 11 is an apparatus that produces the
sixth exemplary press formed product 7 having the hat-
shaped cross-section shown in the above-described FIG.
7.
[0045] FIGS. 12A to 12C are diagrams showing the
statuses of the press working step by the producing ap-
paratus of the first embodiment. In these figures, FIG.
12A shows the state before starting the forming. FIG.
12B shows the state of the early phase of the forming.
FIG. 12C shows the state at the completion of the form-
ing. These figures show the cross sections of the re-
gion(s) of the shape-changing part(s).
[0046] As shown in FIGS. 9 to 12C, the press forming
apparatus 10 includes a punch 11 as a lower die, and
includes a die 12 and a pad 13 as an upper die. That is,
the punch 11 makes a pair with the die 12 and the pad
13. Note that FIGS. 9 to 11 show the die 12 by a dashed
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line, so as to facilitate the understanding of the structure.
[0047] The punch 11 includes a top surface 11a (a front
end surface), a pair of side surfaces 11b, and punch
shoulder parts 11c provided between the top surface 11a
and the side surfaces 11b. The punch shoulder parts 11c
are regions connecting the top surface 11a to the side
surfaces 11b. The shape of the top surface 11a is the
shape corresponding to the region of the top panel part
7a of the press formed product 7. The shapes of the side
surfaces 11b are the shapes corresponding to the region
of the vertical wall parts 7c of the press formed product
7. The shape of the punch shoulder part 11c is the shape
corresponding to the region of the ridge line part 7b (in-
cluding the shape-changing part 9) of the press formed
product 7. The punch shoulder part 11c is provided with
a shape-changing part in a part of the longitudinal direc-
tion of the punch 11. The shape of the shape-changing
part of the punch shoulder part 11c is the shape corre-
sponding to the region of the shape-changing part 9 that
exists in a part of the ridge line part 7b of the press formed
product 7. In other words, the punch shoulder part 11c
includes a portion where the cross-section shape chang-
es in the longitudinal direction of the punch 11, or where
the extending direction of the punch shoulder part 11c is
bent.
[0048] The pad 13 is arranged opposed to the top sur-
face 11a of the punch 11. The pad 13 includes a bottom
surface 13a, a pair of inner side surfaces 13b, and corner
parts 13c. The corner parts 13c are portions that connect
the bottom surface 13a to the inner side surfaces 13b.
The shape of the bottom surface 13a is the shape cor-
responding to the region of the top panel part 7a of the
press formed product 7. That is, the bottom surface 13a
opposes the top surface 11a of the punch 11, and its
shape is the shape conforming to the top surface 11a of
the punch 11. The shape of the corner part 13c is the
shape corresponding to the region of the ridge line part
7b (including the shape-changing part 9) of the press
formed product 7. That is, the corner part 13c opposes
the punch shoulder part 11c, and its shape is the shape
conforming to the punch shoulder part 11c. As used here-
in, "the shape conforming" means the shape where the
convexity and concavity of the opposing portions with the
material metal sheet sandwiched therebetween is invert-
ed. The inner side surface 13b opposes a part of the side
surface 11b of the punch 11. Specifically, the shape of
the inner side surface 13b is the shape corresponding to
the region having a predetermined height h from the bor-
der between the vertical wall part 7c and the ridge line
part 7b of the region of the vertical wall part 7c of the
press formed product 7 (see FIG. 12C).
[0049] The pad 13 is supported by an upper die holder
integrally operated with a slide via a pressure member.
The pressure member is a hydraulic cylinder, a gas cyl-
inder, a spring, a rubber, etc., and applies a downward
force (a force directed to the punch 11) to the pad 13. As
long as the pad 13 is supported via the pressure member,
the pad 13 may be supported by a slide that operates

integrally with the upper die holder.
[0050] In the first embodiment, the die 12 is divided
into two, and each of the dies 12 is arranged on each of
the outer sides of the pad 13. Each of the dies 12 includes
an inner side surface 12a. The shape of the inner side
surface 12a is the shape corresponding to the region
beyond the predetermined height h of the region of the
vertical wall part 7c of the press formed product 7. That
is, the inner side surface 12a opposes a region of the
regions of the side surface 11b of the punch 11 except
for the regions opposing the inner side surface 13b of
the pad 13. Each of the dies 12 is connected to the upper
die holder or slide via a die moving mechanism such as
a cam. After the pushing-in of the punch 11 into the pad
13 reaches the bottom dead point, and the pushing-in of
the metal sheet 14 into the pad 13 by the punch 11 is
completed, the die moving mechanism moves each of
the dies 12 obliquely downward to a respective one of
the side surfaces 11b of the punch 11 (see the outlined
arrows in FIG. 12B).
[0051] The producing method of the press formed
product 7 using such press forming apparatus 10 accord-
ing to the first embodiment includes a preparation step
and a press working step as follows.

[Preparation Step]

[0052] As shown in FIGS. 9 to 12A, a metal sheet 14
is prepared as a starting material. For example, a high-
strength steel sheet having a tensile strength of 440 MPa
or more can be used as the metal sheet 14. The metal
sheet 14 may be a 590 MPa-class high-strength steel
sheet, a 980 MPa-class high-strength steel sheet, or
even a 1180 MPa-class high-strength steel sheet. Addi-
tionally, a stainless steel sheet, an aluminum sheet, a
copper sheet, etc. may also be used as the metal sheet
14.

[Press Working Step]

[0053] As shown in FIGS. 9 to 12C, in the press working
step, press working by bending forming is performed on
the metal sheet 14 by using the press forming apparatus
10, so as to produce the press formed product 7. Here-
inafter, a specific description will be given of the statuses
in the press working step.
[0054] As shown in FIG. 12A, after the metal sheet 14
is placed on the punch 11, the slide is descended. In this
manner, the pad 13 and the dies 12 descend. Then, the
pushing-in of the metal sheet 14 into the pad 13 by the
punch 11 is started, and the bending forming of the metal
sheet 14 is begun.
[0055] When the descending of the slide is further con-
tinued, the pushing-in by the punch 11 with respect to
the pad 13 reaches the bottom dead point, and the work-
ing by the punch 11 and the pad 13 is completed. In this
manner, as shown in FIG. 12B, the entire region of the
top panel part 7a is formed. Also, the entire regions of
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the ridge line parts 7b including the shape-changing parts
9 are formed. Further, the region having the predeter-
mined height h is formed in the region of each of the
vertical wall parts 7c.
[0056] After the working by the punch 11 and the pad
13 is completed as described above, subsequently, the
descending of the slide is continued to the bottom dead
point with the metal sheet 14 sandwiched and restrained
between the punch 11 and the pad 13. Then, each of the
dies 12 is moved, by the die moving mechanism, oblique-
ly downward toward a respective one of the side surfaces
11b of the punch 11, such that the dies 12 are become
close to each other (see the outlined arrows in FIG. 12B).
In this manner, the working by the punch 11 and the dies
12 is begun, and the region beyond the predetermined
height h is formed in the region of each of the vertical
wall parts 7c (see FIG. 12C). That is, the remaining re-
gions are formed by the punch 11 and the dies 12. Fur-
ther, in this embodiment, the flange parts 7d, which are
connected to the vertical wall parts 7c, are also formed
by the punch 11 and the dies 12. In this way, the press
formed product 7 is obtained.
[0057] According to the press working step using the
press forming apparatus 10 as described above, the re-
gion of the shape-changing part 9 and a part of the region
of the vertical wall part 7c adjacent to the shape-changing
part 9, where a wrinkle is likely to be generated, are re-
strained by the punch 11 and the pad 13 from the early
phase of the working. Therefore, at the time of press
working, there is no room for a material excess to be
generated in the region of the shape-changing part 9 and
the region in the vicinity thereof. As a result, even when
a high-strength steel sheet is used as the starting mate-
rial, it is possible to suppress the generation of wrinkles
in the region of the shape-changing part 9 and the region
in the vicinity thereof. Accordingly, in the case where the
press formed product having a relatively complex shape
is produced, it is possible to expedite the increasing of
the strength, and it is also possible to increase the degree
of freedom in designing.
[0058] As described above, the region of each of the
vertical wall parts 7c adjacent to the shape-changing part
9 is formed such that, first, the region having the prede-
termined height h is formed by the pad 13 and the punch
11, and thereafter, the remaining regions are formed by
the dies 12 and the punch 11. It is preferable that the
predetermined height h is 2 mm or more from the border
between the vertical wall part 7c and the ridge line part
7b, and is equal to or less than a half of the total height
H (H/2) of the vertical wall part 7c. The reason is as fol-
lows. In a case where the predetermined height h is less
than 2 mm from the border between the vertical wall part
7c and the ridge line part 7b, at the time of the subsequent
working by the dies 12 and the punch 11, the working
regions of the vertical wall parts 7c become broad, and
a wrinkle is likely to be generated. On the other hand,
when the predetermined height h is more than a half of
the total height H of the vertical wall part 7c, at the time

of the aforementioned working by the pad 13 and the
punch 11, the working regions of the vertical wall parts
7c become broad, and also in this case, a wrinkle is likely
to be generated. However, the lower limit for the prede-
termined height h is preferably 3 mm, and more prefer-
ably 5 mm. On the other hand, the upper limit for the
predetermined height h is preferably 40 mm, and more
preferably, 20 mm.
[0059] The press formed product 7 to be produced in
the first embodiment is not limited to the first, second and
sixth exemplary press formed product 7 having the hat-
shaped cross-section shown in FIG. 2, 3 and 7. That is,
the press formed product 7 may be the third to fifth and
seventh exemplary press formed products 7 shown in
the above-described FIGS. 4 to 6 and FIG.8, as long as
a part of the ridge line part 7b includes a shape-changing
part 9. In short, the shape-changing part 9 of the ridge
line part 7b of the press formed product 7 is at least one
of (a) to (f) as follows:

(a) the height of the ridge line part is changed;
(b) the arc length in the cross section of the ridge
line part is changed;
(c) the ridge line part is twisted;
(d) the ridge line part is bent in the width direction;
(e) the ridge line part protrudes or is hollowed in the
width direction; and
(f) the radius of curvature in the cross section of the
ridge line part is changed.

[0060] Note that, in the first exemplary press formed
product 7 shown in the above-described FIG. 2, cracks
are likely to be generated in the regions of the shape-
changing parts 9 and in the region in the vicinity thereof.
According to the first embodiment, it is also possible to
suppress such cracks.
[0061] Additionally, the pair of ridge line parts of the
press formed product does not have to be parallel. For
example, a pair of ridge line parts may be crossed at their
ends. Additionally, the cross-section shape of the press
formed product may be a channel shape without the
flange parts.

[Second Embodiment]

[0062] FIGS. 13A to 13C are diagrams showing the
statuses of the press working step by a producing appa-
ratus according to a second embodiment. Among these
figures, FIG. 13A shows the state before starting the
forming. FIG. 13B shows the state of the early phase of
the forming. FIG. 13C shows the state at the completion
of the forming. These figures show the cross sections of
the region(s) of the shape-changing part(s), as in FIGS.
12A to 12C.
[0063] A second embodiment is based on the first em-
bodiment, and modifies a part of the first embodiment.
In the second embodiment, the height of the inner side
surface 13b of the pad 13 is larger compared to the
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above-described first embodiment. Each of the dies 12
is arranged adjacent to the either side of the pad 13, and
is fixed directly to the upper die holder. That is, no special
die moving mechanism is provided. Further, in the case
of the second embodiment, the die 12 may be integral
without being divided into two.
[0064] As in the above-described first embodiment, in
the press working step of the second embodiment, first,
the working by the punch 11 and the pad 13 is completed
with the descending of the upper die holder (see FIG.
13B). Then, the descending of the upper die holder is
subsequently continued. Consequently, each of the dies
12 descends directly, and reaches to the bottom dead
point (see the outlined arrows in FIG. 13B). In this man-
ner, in each of the regions of the vertical wall parts 7c,
the region beyond the predetermined height h is formed
by the punch 11 and the die 12 (see FIG. 13C). In this
way, the press formed product 7 is obtained.
[0065] According to the press working step of the sec-
ond embodiment, it is also possible to reduce the gener-
ation of wrinkles in the region of the shape-changing part
9 and the region in the vicinity thereof, as in the above-
described first embodiment. Additionally, in the second
embodiment, it is unnecessary to provide a special die
moving mechanism. Therefore, the apparatus configu-
ration is simple.

[Third Embodiment]

[0066] FIGS. 14A to 14C are diagrams showing the
statuses of the press working step by a producing appa-
ratus according to a third embodiment. Among these fig-
ures, FIG. 14A shows the state before starting the form-
ing. FIG. 14B shows the state of the early phase of the
forming. FIG. 14C shows the state at the completion of
the forming. These figures show the cross sections of
the region(s) of the shape-changing part(s), as in FIGS.
12A to 12C, and FIGS. 13A to 13C.
[0067] A third embodiment is based on the second em-
bodiment, and modifies a part of the second embodiment.
In the above-described second embodiment, the sub-
stantial working regions of the vertical wall parts 7c by
the dies 12 and the punch 11 are front end parts (lower
bottom parts) of the vertical wall parts 7c, and are signif-
icantly narrow. Therefore, the addition of a restriking step
for fine adjusting the shape may be required. The third
embodiment improves such a disadvantage (an increase
in the steps) of the second embodiment.
[0068] Each of the dies 12 in the third embodiment is
arranged on either outer side of the punch 11. Each of
the dies 12 is connected to a lower die holder or bolster
via a die moving mechanism such as a cam. Each of the
dies 12 may be connected to the upper die holder or slide
via the die moving mechanism such as a cam, as in the
above-described first embodiment. However, after the
pushing-in of the punch 11 with respect to the pad 13
reaches the bottom dead point, and the pushing-in of the
metal sheet 14 into the pad 13 by the punch 11 is com-

pleted, the die moving mechanism in the third embodi-
ment moves each of the dies 12 horizontally toward a
respective one of the side surfaces 11b of the punch 11
(see outlined arrows in FIG. 14B).
[0069] As in the above-described first embodiment, in
the press working step of the third embodiment, first, the
working by the punch 11 and the pad 13 is completed
with the descending of the upper die holder (see FIG.
14B). Then, the descending of the upper die holder is
subsequently continued to the bottom dead point. Con-
sequently, each of the dies 12 is moved, by the die moving
mechanism, horizontally toward a respective one of the
side surfaces 11b of the punch 11, such that the dies 12
become closer to each other (see the outlines arrows in
FIG. 14B). In this manner, in the region of each of the
vertical wall parts 7c, the region beyond the predeter-
mined height h is formed (see FIG. 14C). In this way, the
press formed product 7 is obtained.
[0070] According to the press working step of the third
embodiment, it is also possible to reduce the generation
of wrinkles in the region of the shape-changing part 9
and the region in the vicinity thereof, as in the above-
described first and second embodiments. Additionally, in
the third embodiment, it is possible to suppress the ad-
dition of the restriking step, which may occur in the sec-
ond embodiment, because the substantial working re-
gions of the vertical wall parts 7c by the dies 12 and the
punch 11 are broad.
[0071] Also, needless to say, the present invention is
not limited to the above-described embodiments, and
various modifications can be made without departing
from the spirit of the present invention. For example,
though the press forming apparatus of the above-de-
scribed embodiments has the structure that includes the
punch as the lower die, and includes the die and the pad
as the upper die, the press forming apparatus of the
above-described embodiments may have the structure
in which the arrangement of the upper and lower dies is
inverted.
[0072] Additionally, the restrained region of the top
panel part by the punch and the pad may be at least a
region adjacent to the shape-changing part of the region
of the top panel part. The restrained region of the ridge
line part by the punch and the pad may be at least a
region of the shape-changing part in the region of each
of the ridge line parts. The restrained region of the vertical
wall part by the punch and the pad may be at least a
region adjacent to the shape-changing part and up to the
predetermined height h in each of the vertical wall parts.
For example, in the region of the top panel part, those
regions that are not adjacent to the shape-changing
part(s) may be formed by the pad, or may be formed by
a separate pad. In the regions of the ridge line parts,
those regions except for the shape-changing part(s) may
be formed by the pad, or may be formed by the dies. In
the regions of the vertical wall parts, those regions that
are not adjacent to the shape-changing part(s) may be
formed by the pad, or may be formed by the dies.
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EXAMPLE

[0073] The degree of generation of wrinkles was stud-
ied in the case of producing the second exemplary press
formed product 7 shown in the above-described FIG. 3.
As the Inventive Example of the present invention, an
FEM analysis was conducted assuming the press work-
ing according to the first embodiment shown in the above-
described FIGS. 12A to 12C. As a Comparative Example,
an FEM analysis was conducted assuming the pad bend-
ing forming shown in the above-described FIG. 1. In each
of the analyses, a DP steel having a 590 MPa-class ten-
sile strength and a sheet thickness of 1.2 mm was used
as the starting material. Then, in each of the Inventive
Example of the present invention and the Comparative
Example, the sheet thickness increase rate was calcu-
lated for the shape-changing part, where it was feared
that a wrinkle might be generated. The higher the sheet
thickness increase rate, the larger the material excess
becomes, and a wrinkle is likely to be generated.
[0074] As used herein, the sheet thickness increase
rate A is expressed by the following Formula (1). 

[0075] In Formula (1), t0 represents the sheet thick-
ness before the press working, and t1 represents the
sheet thickness after the press working.
[0076] FIG. 15 is a graph showing the study result of
the example. As shown in FIG. 15, in the Comparative
Example, the sheet thickness increase rate in the shape-
changing part was more than 15%, and the generation
of wrinkles was expected. In contrast, in the Inventive
Example of the present invention, the sheet thickness
increase rate in the shape-changing part was suppressed
to about 4%, which was the level at which a wrinkle was
not generated.

REFERENCE SIGNS LIST

[0077]

7: press formed product
7a: top panel part
7b: ridge line part
7c: vertical wall part
7d: flange part
8: step height part
9: shape-changing part
10: press forming apparatus
11: punch
11a: front end surface
11b : side surface
11c: punch shoulder part
13: pad
13a: bottom surface

13b: inner side surface
13c: corner part
12: die
12a: inner side surface
14: starting material (metal sheet)

Claims

1. A method for producing a press formed product from
a starting material,
the press formed product comprising a top panel
part, vertical wall parts respectively extending from
both ends of the top panel part, and ridge line parts
between the vertical wall parts and the top panel part,
and including a shape-changing part in a part of the
ridge line parts,
the producing method comprising:

a preparation step of preparing a metal sheet as
the starting material; and
a press working step of performing press work-
ing on the starting material by using a punch,
and a pad and a die that are paired with the
punch, and
the press working step including:

a first step of forming, by the punch and the
pad, at least a region adjacent to the shape-
changing part of a region of the top panel
part, at least a region of the shape-changing
part of a region of each of the ridge line
parts, and at least a region adjacent to the
shape-changing part of a region of each of
the vertical wall parts and up to a predeter-
mined height from a border between the ver-
tical wall part and the ridge line part; and
a second step of forming, subsequent to the
first step, by the punch and the die, the re-
maining regions, with the starting material
sandwiched between the punch and the
pad.

2. The producing method of the press formed product
according to claim 1,
wherein the predetermined height is 2 mm or more
from the border between the vertical wall part and
the ridge line part, and is equal to or less than a half
of the total height of the vertical wall part.

3. The producing method of the press formed product
according to claim 1 or 2,
wherein, in the first step, the entire region of the top
panel part, the entire region of each of the ridge line
parts, and a region up to the predetermined height
from the border between the vertical wall part and
the ridge line part of a region of each of the vertical
wall parts are formed by the punch and the pad, and
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in the second step, a region beyond the predeter-
mined height of the region of each of the vertical wall
parts is formed by the punch and the die.

4. The producing method of the press formed product
according to any one of claims 1 to 3,
wherein the shape-changing part of the ridge line
parts is at least one of (a) to (f) as follows:

(a) the height of the ridge line part is changed;
(b) the arc length in a cross section of the ridge
line part is changed;
(c) the ridge line part is twisted;
(d) the ridge line part is bent in a width direction;
(e) the ridge line part protrudes or is hollowed in
the width direction; and
(f) the radius of curvature in the cross section of
the ridge line part is changed.

5. An apparatus for producing a press formed product
from a starting material,
the press formed product comprising a top panel
part, vertical wall parts respectively extending from
both ends of the top panel part, and ridge line parts
between the vertical wall parts and the top panel part,
and including a shape-changing part in a part of the
ridge line parts,
the producing apparatus comprising a punch, and a
pad and a die that are paired with the punch,
the punch including a front end surface correspond-
ing to a region of the top panel part, side surfaces
corresponding to regions of the respective vertical
wall parts, and punch shoulder parts corresponding
to regions of the respective ridge line parts, and
the pad including a bottom surface corresponding to
at least a region adjacent to the shape-changing part
of a region of the top panel part, a corner part cor-
responding to at least a region of the shape-changing
part of a region of each of the ridge line parts, and
an inner side surface corresponding to at least a re-
gion adjacent to the shape-changing part of a region
of each of the vertical wall parts and up to a prede-
termined height from a border between the vertical
wall part and the ridge line part.

6. A producing apparatus of a press formed product,
comprising:

a punch including a front end surface, side sur-
faces, and punch shoulder parts provided be-
tween the front end surface and the side surfac-
es, the punch shoulder parts being provided with
a shape-changing part in a part of a longitudinal
direction of the punch;
a pad including a bottom surface opposing the
front end surface of the punch, inner side sur-
faces opposing a part of the side surfaces of the
punch, and corner parts provided between the

bottom surface and the inner side surfaces and
opposing the punch shoulder parts; and
a die including inner side surfaces opposing re-
gions of the side surfaces of the punch, except
for regions opposing the inner side surfaces of
the pad of the regions of the side surfaces of the
punch.

7. The producing apparatus of the press formed prod-
uct according to claim 5,
wherein the predetermined height is 2 mm or more
from the border between the vertical wall part and
the ridge line part, and is equal to or less than a half
of the total height of the vertical wall part.

8. The producing apparatus of the press formed prod-
uct according to claim 5 or 7,
wherein the bottom surface of the pad corresponds
to the entire region of the top panel part, each of the
corner parts of the pad corresponds to the entire re-
gion of each of the ridge line parts, and each of the
inner side surfaces of the pad corresponds to a re-
gion up to the predetermined height from the border
between the vertical wall part and the ridge line part
of a region of each of the vertical wall parts, and
wherein the die includes inner side surfaces corre-
sponding to regions beyond the predetermined
height of regions of the respective vertical wall parts.

9. The producing apparatus of the press formed prod-
uct according to claim 8,
wherein the die is divided to correspond to each of
the vertical wall parts, and
wherein the producing apparatus comprises a die
moving mechanism that moves each of the dies to-
ward a respective one of the side surfaces of the
punch after completion of pushing-in of the starting
material into the pad by the punch.
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