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(57) Abrege/Abstract:
In a press forming step of obtaining, from a blank (300) of high-tensile strength steel sheet of 390 MPa or more, a press-formed
product with a shape of cross section having at least a groove bottom part (101), ridge line parts (102), and vertical wall parts (103),
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(57) Abrege(suite)/Abstract(continued):

and In which an outward flange (106) including parts (106a) along the ridge line parts (102) Is formed at an end part in a
longitudinal direction, forming of parts to be formed to the ridge line parts (102) is started by creating a state where a region (300a)
positioned at least at an end portion in a longitudinal direction of a part to be formed to the groove bottom part (101) of the blank
(300) Is separated from a punch top part (201b), and at that time or thereafter, the region (300a) iIs made to approach the punch
top part (201b).
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ABSTRACT

In a press forming step of obtaining, from a

blank (300) of high-tensile strength steel sheet of

390 MPa or more, a press—-formed product with a shape

griten
e

of cross section having at least a groove bottom

part (101), ridge line parts (102), and vertical

wall parts (103), and in which an outward flange
(106) including parts (l06a) along the ridge line

parts (102) is formed at an end part 1in a

longitudinal direction, forming of parts to be

formed to the ridge line parts (102) 1s started Dby

creating a state where a region (300a) positioned at

least at an end portion in a longitudinal direction

of a part to be formed to the groove bottom part

(101) of the blank (300) is separated from a punch

top part (201b), and at that time or thereafter, the
region (300a) 1s made to approach the punch top part

(201b) .
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MANUFACTURING METHOD OF PRESS-FORMED MEMBER AND

PRESS FORMING APPARATUS

TECHNICAL FIELD

(0001 The present invention relates to a

ﬂ
—

manufacturing method of a press-formed member and a

press forming apparatus, for manufacturing a press-

formed member, from a blank of high-tensile strength

oy -y

steel sheet of 390 MPa or more, with a shape of

Cross section having at least a groove bottom part,

a ridge line part continued to an end portion 1n a
width direction of the groove bottom part, and a
vertical wall part continued to the ridge line part,

and 1n which an outward flange 1ncluding a part

along the ridge line part 1s formed at an end part
in a longitudinal direction.

BACKGROUND ART

R

[0002] A

floor of an automobile vehicle body

(hereinafter, simply referred to as “floor”) 1s not

only primary responsible for torsional rigidity and

bending rigidity of a vehicle body when the vehicle

e
p—r

travels, but also responsible for transfer of

all

impact load when a crash occurs, and further, 1t

exerts a large 1nfluence on a weight of the

automobile vehicle body, so that i1t 1s requilred to

have antinomy characteristics such as high rigidity

and light welght. The floor 1ncludes planar panels

(for example, a dash panel, a front floor panel, a
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rear floor panel, and so on) which are welded to be
jointed with each other, long cross members (for
example, a floor cross member, a seat cross member,
and so on) having approximately hat-shaped cross
sections which are fixed to be disposed 1in a vehilcle

width dilrection of these planar panels by welding to

enhance rigidity and strength of the floor, and long

members (a side si1l1l, a side member, and so on)

having approximately hat-shaped cross sections which

are fixed to be disposed in a forward and rearward

direction of vehicle body to enhance the rigidity

_—

and the strength of the floor. Out of the above,

the cross members are normally jJjointed to otherx

members such as, for example, a tunnel part of the

front floor panel and the side si1ill by using outward

flanges formed at both end parts 1n a longitudinal

direction thereof as joint margins.

|O00 3] Fig. 8A to Fig. 8C are explanatory views

1llustrating a floor cross member 1 being a typical

example of the cross members, 1n which Fig. 8A 1s a

p—

perspective view of the floor ¢cross member 1, F1g.

8B 1s a VIII arrow view in Fig. 8A, and Fig. 8C 1s

an explanatory view 1i1llustrating a portion

surrounded by a circular dotted line in Fig. 8B, 1in
an enlarged manner.

[0004 ] For example, a front floor panel 2 generally

includes a tunnel part (illustration 1s omitted)

jolinted to an upper surface (a surface at an



10

15

20

25

CA 02901744 2015-08-18

interior side) of the front floor panel 2 and placed

at approximately a center in a width direction of

the front floor panel 2, and side sills 3 spot-

1)

welded at both side parts in the width direction of

the front floor panel 2. The floor cross member 1
1s jointed to the tunnel part and the side sills 3

by the spot welding or the like using outward

flanges 4 formed at both end parts in a longitudinal

direction thereof as joint margins, thereby

improving rigidity of the floor and a load transfer
characteristic when an impact load is applied.
[0005] Fig. 9A and Fig. 9B are explanatory views

l1llustrating an outline of a conventional press

forming method of the floor cross member 1, in which
a region of an end part in a longitudinal direction
of the member 1, in particular, 1is illustrated in an
enlarged manner. Fig. 9A illustrates a case where
the press forming is performed by drawing, and Fig.

JB illustrates a case where the press forming 1is

performed by bend forming using an expanded blank 6.
[0006] The floor cross member 1 has been formed so

far 1n a manner that an excessive material volume

part Sa 1s formed at a forming material 5 through

the press forming by the drawing as illustrated in

F1g. 9A, the excessive material volume part 5a is

cut along a cutting-line 5b, and a flange 5c is then

ralised, or the press forming by the bend forming is

performed on the expanded blank 6 having an expanded
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blank shape as illustrated in Fig. 9B. Note that

from a point of view of the improvement of material

vield, the press forming by the bend forming 1s more

preferable than the press forming by the drawing

accompanied by the cutting of the excessive material

volume part b5Sa.

(0007 ] The floor cross member 1 1s an 1mportant

structural member which 1s responsible for the

P
—

rigidity i1mprovement of the automobile vehilicle body

F

and transfer of the 1mpact load at a time of side

SUuxr

face crash (si1de 1mpact). Accordingly, 1n recent

vears, a thinner and higher-tensile strength steel

sheet, for example, a high-tensile strength steel

sheet with a tensile strength of 390 MPa or more (a

high tensile strength steel sheet or a high-ten) has

F

been used as a material of the floor cross member 1,

e
e

from a point of view of reduction in weight and

improvement in crash safety. However, formability

i

O .

g

the high-tensilile strength steel sheet 1s not good,

and therefore, 1t 1s a problem that flexibility of

design of the floor cross member 1 1s low.

[0008] This will be concretely described with

reference to Fig. 8A to Fig. 8C.

It 1s desirable that the outward flange 4 at

the end part 1n the longitudinal direction of the

floor cross member 1 1s continuously formed by

including a part 4a along a ridge line part la, and

has a certain degree of flange width, as 1ndicated
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by a dotted line in Fig. 8C, in order to enhance

jolinting strength between the floor cross member 1

-

and the tunnel part of the front floor panel 2, the

side sills 3, and to enhance the rigidity of the

floor and the load transfer characteristic when the

impact load is applied.

[10009] However, when the continuous outward flange

4 including the part 4a along the ridge line part 1la

1s tried to be formed through cold press forming,

F

and the certain degree of flange width is tried to

pe obtalned, basically, stretch flange fractures at

an outer peripheral edge portion of the part 4a
along the ridge line part la, and wrinkling at an
end portion 1lb in a longitudinal direction of the
ridge line part la of the floor cross member 1 and
at a position from a center portion to a vicinity of
a root of the part 4a along the ridge line part la

occur, which makes it difficult to obtain a desired

shape. These forming failures are easy to occur as

a strength of steel material used for the floor

cross member 1 1s higher, and in a shape with higher

stretch flange rate at the forming of the part 4a

along the ridge line part la (namely, for example,

as a cross sectional wall angle 6 in Fig. 8B or a

rising angle o of an end part (refer to Fig. 1B) is

steeper) .

[0010] The floor cross member 1 tends to be high-

strengthened to reduce the weight of the automobile
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F

vehicle body, so that the cold forming of the

continuous outward flange 4 including the part 4a

along the ridge line part la tends to be difficult

to be enabled by the conventional press forming

- -

method. Accordingly, even if lowering of the

rigidity in the vicinity of the joint part of the

floor cross member 1 with the other member and the
load transfer characteristic is accepted, due to

restrictions on the press forming technology as

stated above, 1t is the present situation in which

the occurrence of forming failures has to be avoided

by providing, to the parts 4a along the ridge line

F

parts la of the outward flange 4 of the floor cross

member 1 made of the high-tensile strength steel
sheet, cutouts 4b each of which is deep to some
extent that 1t reaches the end portion 1lb in the
longitudinal direction of the ridge line part la, as
l1llustrated in Fig. 8A and Fig. 8B.

[0011] Patent Literatures 1 to 4 disclose the

inventions in which the improvement in the shape

freezing property after the forming is realized by

*

devising a pad of a forming tool, in order to

manufacture a press-formed member having a hat-
shaped cross section. Further, Patent Literature 5

discloses the invention in which a movable punch of

a forming tool is devised to perform press forming

on a panel component.
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CITATION LIST

PATENT LITERATURE

[0012] Patent Literature 1: Japanese Patent

Publication No. 4438468

Patent Literature 2: Japanese Laid-open Patent
Publication No. 2009-255116

Patent Literature 3: Japanese Laid-open Patent

Publication No. 2012-051005

Patent Literature 4: Japanese Laid-open Patent

Publication No. 2010-82660

Patent Literature 5: Japanese Laid-open Patent

Publication No. 2007-326112

SUMMARY OF INVENTION
TECHNICAL PROBLEM

(0013] However, any of Patent Literatures 1 to 5 is

not intended for a press-formed member formed from a
blank of high-tensile strength steel sheet of 390
MPa or more, with a shape of cross section having at
least a groove bottom part, ridge line parts
continued to end portions in a width direction of

the groove bottom part, and vertical wall parts

continued to the ridge line parts, and in which an

ocutward flange including parts along the ridge line

parts 1s formed at an end part in a longitudinal
direction.
According to results of studies conducted by

gritm
e

the present inventors, it was difficult, even based

on the conventional inventions, to manufacture a
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-

press-formed member made of a high-tensile strength

steel sheet of 390 MPa or more, desirably 590 MPa or
more, and more desirably 980 MPa or mére, wlith a
shape of cross section having at least a groove
bottom part, ridge line parts, and vertical wall
parts, and 1n which an outward flange including
parts along the ridge line parts is formed at an end

part in a longitudinal direction, through press

forming, without providing cutouts which are deep

enough to reach the ridge line parts to the parts

along the ridge line parts of the outward flange and

without generating lowering of material vyield.

F
p—

[0014] The present invention was made in view of

the points as described above, and an object thereof

1s to enable a manufacture of a press-formed member,

such as a floor cross member, for example, made of a
high-tensile strength steel sheet of 390 MPa or more,

deslrably 590 MPa or more, and more desirably 980

MPa or more, with a shape of cross section having at

least a groove bottom part, ridge line parts, and

vertical wall parts, and in which an outward flange
including parts along the ridge line parts is formed

at an end part in a longitudinal direction, through

press forming, without providing cutouts which are
deep enough to reach the ridge line parts to the

parts along the ridge line parts of the outward

flange and without generating lowering of material

vield.
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L*

SOLUTION TO PROBLEM

[0015] The present invention is as cited below.

(1) A manufacturing method of a press-formed

member, comprising

a press forming step of obtaining, from a blank

P

of high-tensile strength steel sheet of 390 MPa or

more, a press—-formed product with a shape of cross

section having at least a groove bottom part, a

ridge line part continued to an end portion in a

F

width direction of the groove bottom part, and a

vertical wall part continued to the ridge line part,

and 1in which an outward flange including a part
along the ridge line part is formed at an end part
in a longitudinal direction, by UsSlng a press
forming apparatus including a punch and a dile,

whereiln

the press forming step includes:

P

a first step of starting forming of a part to

pe formed to the ridge line part and forming of the

coutward flange, by creating a state where a reglion

positioned at least at an end portion in a

p—

longitudinal direction of a part to be formed to the

ﬁ

groove bottom part of the blank is separated from a

punch top part, in the punch, which forms the groove

bottom part;

F
p—

a second step of making, at the time of

P

starting the forming of the part to be formed to the




10

15

2 0

2 5

CA 02901744 2015-08-18

ridge line part or thereafter, the region approach

the punch top part; and

completing, when the press forming 1s completed,

the forming of the groove bottom part, the forming

g

of the ridge line part, the forming of the vertical

A

wall part, and the forming of the outward flange.

(00161 (2) The manufacturing method of the press-
formed member according to (1) 1s characterized 1n

that 1n the first step, the region 1is set to be 1in

the state of being separated from the punch top part

by creating a state where a first pad provided to be

able to freely protrude from or withdraw 1into the

punch top part, 1s protruded from the punch top part,

and 1n the second step, the first pad 1s lowered to

make the region approach the punch top part.

(3) The manufacturing method of the press-
formed member according to (Z2) 1s characterized 1n

that the first pad and a second pad provided on a

side opposite to that of the first pad with the

blank provided therebetween are used to sandwich and

bind the blank.

(4) The manufacturing method of the press-

formed member according to any one of (1) to (3) 1s

characterized 1n that 1t further i1includes a post-

press forming step with respect to the press-formed

product, in which in the post-press forming step,

the outward flange of the press-formed product 1s

further raised.
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[0017] (o) A manufacturing method of a press-formed

member, comprising

a press forming step of obtaining, from a blank

of high-tensile strength steel sheet of 390 MPa or

F

more, a press—-formed product with a shape o0of cross

sectlion having at least a groove bottom part, a
ridge line part continued to an end portion 1in a
width direction of the groove bottom part, and a
vertical wall part continued to the ridge line part,
and 1n which an outward flange 1including a part
along the ridge line part 1s formed at an end part
in a longitudinal direction, by using a press
forming apparatus 1including a punch and a die,

whereiln

the press forming step includes:

creating a state where a radius of curvature ry

of each of the part to be formed to the ridge line

part of the blank once becomes larger than a radius

g

of curvature r¢ 0f each of the ridge line part at a

b

— =

point of time of completion of the press forming, in

H

the middle of the press

e

forming;

P

making the radius of curvature r, approach the

radius of curvature rsf in a process of the press

forming thereafter; and

completing, when the press forming 1s completed,

the forming of the groove bottom part, the forming

ria.

f the ridge line part, the forming of the vertical

A

g
o

wall part, and the forming of the outward flange.
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(6) The manufacturing method of the press-

formed member according to (5) 1is characterized in

that, 1n the state where the radius of curvature ry

-

pecomes larger than the radius of curvature r:, a

region in which the curvature is formed is in a

o~ -

state of being wider than a region of each of the

ridge line part at the point of time of completion

F

0f the press forming, and is in a state of being

widened by being extended toward the groove bottom

part side.

[0018] (7) A press forming apparatus which

manufactures a press-formed member, from a blank of
high-tensile strength steel sheet of 390 MPa or more,
with a shape of cross section having at least a
groove bottom part, a ridge line part continued to

-

an end portion in a width direction of the groove

pottom part, and a vertical wall part continued to
the ridge line part, and in which an outward flange
lncluding a part along the ridge line part is formed
at an end part in a longitudinal direction, the
press forming apparatus comprising:

a punch;

a die; and

a first pad capable of freely protruding from

or withdrawing into a punch top part, in the punch,

which forms the groove bottom part, and abutting

against one surface of the blank, wherein:
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and in which an outward flange i1including a part
along the ridge line part 1s formed at an end part
in a longitudinal direction, by using a press
forming apparatus 1including a punch and a die,
wherelin

the press forming step 1ncludes:

a first step of starting forming of the ridge

| W

flange, by

line part and forming of the outward
creating a state where at least an end portion 1n a
longitudinal direction of a part to be formed to the
groove bottom part of the blank 1s separated from a
punch top part, in the punch, which forms the groove
bottom part;

a second step of advancing forming of the ridge
line part, forming of the vertical wall part and

forming of the outward flange and making, at the

time of starting the forming of ridge line part or

thereafter, the part to be formed to the groove
bottom part of the blank separated from the punch
top part approach the punch top part; and
completing, when the press forming 1s completed,
the forming of the groove bottom part, the forming

of the ridge line part, the forming of the vertical

wall part, and the forming of the outward flange.
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[0018Db] (2’ ) The manufacturing method of the press-
formed member according to (1’), wherein:
in the first step, at least the end portion 1in
5 a longitudinal direction of the part to be formed to
the groove bottom part of the blank 1s set to be 1in
the state of being separated from the punch top part
by creating a state where a first pad provided to Dbe

able to freely protrude from or withdraw 1nto the

10 punch top part, 1s protruded from the punch top

part; and
in the second step, the first pad 1s lowered to
make the part to be formed to the groove bottom part

of the blank separated from the punch top part

15 approach the punch top part.

[0018cC] (3’) The manufacturing method of the press-
formed member according to (2’), wherein
the first pad and a second pad provided on a
20 side opposite to that of the first pad with the

blank provided therebetween are used to sandwich and

bind the blank during a period from performing the

first step and the second step to completing the

press forming.

- 13b -
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[0018d] (4’) The manufacturing method of the press-
formed member according to any one of (1') to (37),

further comprising

a post-press forming step with respect to the
press-formed product, wherein

1n the post-press forming step, the outward

flange of the press-formed product is further raised.

(0018e] (5" ) A manufacturing method of a press-

formed member, comprising

a press forming step of obtaining, from a blank
of high-tensile strength steel sheet of 390 MPa or
more, a press-formed product with a shape of cross
sectlion having at least a groove bottom part, a
ridge line part continued to an end portion in a
width direction of the groove bottom part, and a
vertical wall part continued to the ridge line part,
and 1n which an outward flange including a part
along the ridge line part is formed at an end part
1n a longitudinal direction, by using a press
forming apparatus 1including a punch and a die,
whereilin

the press forming step includes:

Creating a state where a radius of curvature r,
of each of a part to be formed to the ridge line
part of the blank once becomes larger than a radius

Oof curvature ry of each of the ridge line part at a

- 13C -
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point of time of completion of the press forming, 1n

the middle of the press forming;

advancing forming of the ridge line part,

+ 1

Fforming of the vertical wall part and forming of the

outward flange and making the radius of curvature r,
approach the radius of curvature ry 1n a process of

the press forming thereafter; and

completing, when the press forming 1s completed,
the forming of the groove bottom part, the forming
of the ridge line part, the forming of the vertical

wall part, and the forming of the outward flange.

[00181f] (6') The manufacturing method of the press-

formed member according to (5’), wherein

in the state where the radius of curvature r,
becomes larger than the radius of curvature ry¢, a
region 1n which the curvature 1s formed 1s 1n a
state of being wider than a region of each of the
ridge line part at the point of time of completion
of the presg forming, and 1s 1n a state of being

wlidened by being extended toward the groove bottom

part side.

10018g] (7") A press forming apparatus which

manufactures a press-formed member, from a blank of

high-tensile strength steel sheet of 390 MPa or more,
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with a shape of cross section having at least a
groove bottom part, a ridge line part continued to
an end portion 1n a width direction of the groove

bottom part, and a vertical wall part continued to

the ridge line part, and in which an outward flange
including a part along the ridge line part 1s formed
at an end part in a longitudinal direction, the
press forming apparatus comprising:

a punch;

a die; and

a first pad capable of freely protruding from
or withdrawing into a punch top part, 1n the punch,
which forms the groove bottom part, and abutting

against one surface of the blank, wherein:

forming of the ridge line part and forming of
the outward flange are started by creating a state
where at least an end portion 1n a longitudinal
direction of a part to be formed to the groove
bottom part of the blank 1s separated from the punch
top part, 1n the punch, which forms the groove

bottom part, by setting the first pad to be 1n a

state of protruding from the punch top part; and
advancing forming of the ridge line part,
forming of the vertical wall part and forming of the

outward flange;

- 13e -
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the first pad is lowered at the time of starting the
forming of the ridge line part or thereafter, to
make the part to be formed to the groove bottom part
of the blank separated from the punch top part
5 approach the punch top part; and
when the press forming 1s completed, the
forming of the groove bottom part, the forming of

the ridge line part, the forming of the vertical

wall part, and the forming of the outward flange are

10 completed.

ADVANTAGEOUS EPFFECTS OF INVENTION

[0019] According to the present invention, 1t
becomes possible to manufacture a press-tformed

15 member made of a high-tensile strength steel sheet
of 390 MPa or more, desirably 590 MPa or more, and
more desirably 980 MPa or more, with a shape of
cross section having at least a groove bottom part,
a ridge line part, and a vertical wall part, and 1in

20 which an outward flange 1ncluding a part along the

ridge line part 1s formed at an end part 1n a
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longitudinal direction, through press forming,
wlthout providing cutouts which are deep enough to

reach the ridge line part to the part along the

F

ridge line part of the outward flange and without

P

generating lowering of material yleld.

[0020] According to the press-formed member, since

the member can be jointed to another member without

cutting-out the end portion in the longitudinal

P

direction of the ridge 1line parts, 1t 1s possible to

enhance the rigidity in the vicinity of the joint

fr——

part of the press-formed member with the other

member, and the load transfer characteristic.

Accordingly, 1f the press-formed member 1s used as a
floor cross member, for example, the bending
rigidity and the torsional rigidity of body shell
can be increased, and it 1s possible to enhance

driving stability and riding comfort and to improve

nolise of automobile.

BRIEF DESCRIPTION OF DRAWINGS

[0021) [Fig. 1A] Fig. 1A 1s a perspective view of a

press-formed member;

(Fig. 1B] Fig. 1B is a I arrow view 1n Fig.

1A;

[Fig. 1C] Fig. 1C is a sectlional view at a

ﬁ
p—

middle position in a longitudinal direction of the

press—-formed member;
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[Fig. 2] Fig. 2 1s a view 1llustrating an

P

example of a press forming tool of a press forming

apparatus used 1in a press forming step;

[Fig. 3A] Fig. 3A 1s an explanatory view

schematically illustrating a state of the press

forming step, and a view 1llustrating a state before

starting the press forming;

[Fig. 3B] Fig. 3B 1s an explanatory view

schematically 1llustrating a state of the press

forming step, and a view illustrating a state 1in the

middle of the press forming;

[Fi1g. 3C] FFig. 3C 1s an explanatory view

schematically 1llustrating a state of the press

forming step, and a view 1llustrating a state 1n the

middle of the press forming;

[Fig. 3D] Fig. 3D 1s an explanatory view

schematically 1llustrating a state of the press

forming step, and a view 1llustrating a state when
the press forming 1s completed;

[F1g. 4A] Fig. 4A 1s a view 1llustrating a

state before starting the press forming through the

press forming step;

(Fi1g. 4B] FFig. 4B 1s a view 1llustrating a

pr——

state 1n the middle of the press

e

forming through the

press forming step;

[F1g. 4C] F'1g. 4C 1s a view 1llustrating a

state when the press forming through the press

forming step 1s completed;
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[Fi1g. 5A] Fig. 5A 1s a perspective vliew

g

1llustrating a part o:

a press—-formed product

obtained through the press forming step;

[F1g. 5B] Fig. 5B 1s a perspective view

e

i1llustrating a part o:

a press—-formed product

obtalned through a post-press

forming step;

[F1g. ©6A] Fig. 6A 1s a characteristic chart

illustrating a result of numerical analysis of a

sheet thickness strain at an end portion of a part

along a ridge line part of an

outward flange with

respect to an 1inner pad stroke Ip;

[Fig. ©B] Fig. 6B 1is a characteristic chart

illustrating a result of numerical analysis of a

-~

sheet thickness strain in the vicinity of a root

P

portion of the part along the ridge line part of the

outward flange (rising portion of the ridge 1line

part) with respect to the i1inner pad stroke Ip;

[Fig. 7] Fig. 7 1s a characteristic chart

r—

illustrating a measured result of a sheet thickness

straln at an outer peripheral edge portion of the

.

outward

Ip;

[F1g. BA] Fig. 8A 1s a perspective viliew O:

flange with respect to the 1nner pad stroke

Hh
0

conventional floor cross member;

[Fig. 8B] Fig. 8B 1s a V.

SA;

'II arrow view 1n F1g.
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([Fig. 8C] Fig. 8C 1s

an explanatory view

illustrating a portion surrounded by a cilrcular

dotted line 1n Fig. 8B, 1n an enlarged manner;

[Fig. 9A] Fig. 9A 1s an explanatory view

illustrating an outline of a conventional press

forming method of a floor cross member, and a view

illustrating a case where the press forming 1s

performed by drawlng; and

[Fig. 9B] Fig. 9B is an explanatory view

ﬁ

illustrating an outline o:

F

forming method of a floor

illustrating a case where

performed by bend forming

- a conventional press

cross member, and a view

the press forming 1s

using an expanded blank.

DESCRIPTION OF EMBODIMENTS

[0022] Hereinafter, embodiments for carryving out

the present invention will be described with

reference to the attached drawings.

A manufacturing method of a press—-formed member

according to the present embodiment 1ncludes a press

referred to as “blank”, hereina

forming step of obtaining a press-formed product

from an expanded blank (which will be simply

F

fter) of a steel

sheet having a shape based on a product shape.

Further, 1f a predetermined shape cannot be achieved

only by the press step, the method further 1includes

a post-press forming step of performing forming on

the press-formed product to set the product to be a

press-formed member as a product. Note that

17
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although i1t 1s set that the expanded blank 1i1s used,

the present invention 1s not limited to this, and 1t

1s also possible to apply the present 1nvention to a

case where trimming in which a part of the outward

5 flange 1s cut-off, 1s performed after the press

forming step, for example.

(002 3] Accordingly, a shape o0of the press-formed

mempber as a product will be first described, and
subsequently, the press forming step and the post-

10 press forming step will be described in this order.

(1) Press-formed member

Fig. 1A to Fig. 1C are explanatory views

illustrating one example of a press-formed member

100 targeted by the present invention, 1in which Fig.

15 1A 1s a perspective view 0f the press-formed member

100, Fig. 1B is a I arrow view 1n Fig. 1A, and Fig.

1C 1s a sectional view at a middle position 1n a

F

longitudinal direction of the press-formed member

-

100 (illustration of an outward flange 106 1is

2 0 omitted).
[0024] The press—-formed member 100 1s obtained by

o

performing press forming on a blank of high-tensile

strength steel sheet of 390 MPa or more, and has a

long length and approximately hat-shaped cross

25 section. Specifically, the press-formed member 100
has a long groove bottom part 101, two ridge line
parts 102, 102 continued to both end portions 1n a

width direction of the groove bottom part 101, two

- 18 =
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vertical wall parts 103, 103 respectively contilnued
to the two ridge line parts 102, 102, two curved

parts 104, 104 respectively contlnued to the two

vertical wall parts 103, 103, and two flanges 105,
105 respectively continued to the two curved parts
104, 104.

(0025 At an end part in the longitudinal direction
of the press-formed member 100, an outward flange

106 i1ncluding parts 106a along the ridge line parts

102 1s formed. In this example, at both end parts

g

in the longitudinal direction of the press-formed

member 100, outward flanges 106 continued from the

groove bottom part 101 along lower portions of the

two vertical wall parts 103, 103 are formed, and the

outward flanges 106 are continued also to the

flanges 105.

As illustrated in Fig. 1B, a rising angle of

P

the end part of the press-formed member 100 1s «a.

A part, along the groove bottom part 101, of the

outward flange 106 rises at an angle 1n accordance

with a surface to be jolnted, and when the part 1is

connected to a flat surface of a surface to be

jointed whose angle 1s the same as the rising angle

of the end part of the press-formed member 100, for

example, the rising angle of the part is «.

Further, a part, along the vertical wall part 103,
of the outward flange 106 rises at an angle 1n

accordance with a surface to be jointed, and when

- 10 -
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the part 1s connected at right angle to a flat

F

surface of the surface to be jointed, for example,

the part rises approximately perpendicular to the
vertical wall part 103.

| 00206] Such a press—-formed member 100 1s

particularly suitable for structural members of

automobile (for example, cross members such as a

floor cross member, and members such as a side sill
and a side member). Further, 1n such an application,
1t 1s preferable to use, as a steel material, a

high-tensile strength steel sheet such as a 980 MPa

class dual phase steel sheet, for example, and by

applying the present invention, 1t 1s possible to

.

manufacture the press-formed member 100 even 1f the

high-tensile strength steel sheet having a

difficulty 1n forming 1s used.

(0027] In the present embodiment, explanation 1is

given by setting a press-formed member having a long
length and having an approximately hat-shaped cross
section as above, as a typical example. However, a
press—-formed member targeted by the present
invention 1is not limited to this, and the present
invention can also be similarly applied to, for
example, one having an approximately U-shaped cross

section, one having a shape which i1is a part of an

i 1)

approximately hat shape (a shape of a half side o:
the approximately hat shape of the cross section, as

an example), and one 1in which a length in a

- 20 -
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longitudinal direction of a groove bottom part 1s
relatively short such that it is about the same as a

width.

[0028] (2) Press forming step

Fig. 2 1llustrates an example of a press

forming tool of a press forming apparatus 200 used

1n the press forming step.

The press forming apparatus 200 includes a

punch 201 and a die 20Z2. On both ends of the punch

201 and the die 202, wall surfaces are provided, and

on the wall surfaces, outward flange forming

surfaces 201a, 202a for forming the outward flanges
106 are provided.
Further, the press forming apparatus 200

includes a first pad (inner pad) 203 which can

freely protrude from or withdraw 1nto a punch top

part 201b, and which abuts against one surface of a

blank 300 (not-illustrated in Fig. 2). The punch

201 1s provided with a pad housing hole 20l1lc having

a slze capable of completely housing the first pad

203. On a bottom of the pad housing hole 201c¢c, a

pressure device such as, for example, a gas cylinder

or a coll spring 1s disposed, or the bottom of the
pad housing hole 201c 1s connected to a cushion

structure provided to a press machine, which enables

to apply force to the first pad 203 1n a direction

|

of the blank 300.

- 21 -
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Further, the press forming apparatus 200

includes a second pad 204 which abuts against the

other surface of the blank 300 (not-illustrated in

F1g. 2) and which can move 1n a moving direction of

the die 202, and a pressure device (not-i1llustrated).

Both end parts in a longitudinal direction of the

second pad 204 rise to form outward flange forming

surfaces together with the outward flange forming

surfaces 202a of the die 20Q02.

[0029] FFig. 3A to Fig. 3D are explanatory views

schematically 1llustrating states of the press

-

forming step.

Fi1g. 3A 1llustrates a state before starting the

press forming. Further, Fig. 4A 1llustrates a state

before starting the press forming, 1n a similar
manner to Fig. 3A, and illustrates shapes of the
respective parts and the like more concretely.

The first pad 203 1s provided at a center 1n a
width direction of the punch top part 201b, and at a

o d

position facing a region 300a being one part of a

L}

part to be formed to the groove bottom part 101 of

the blank 300.

-

(0030 ] The

first pad 203 i1is applied force 1n the

direction of the blank 300 by the pressure device,

F

and supports the region 300a of the blank 300 at a

position at which 1t protrudes from the punch top

part 201b., In a manner as described above, the

first pad 203 separates one part of the part to be

- 22 _
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formed to the groove bottom part 101 of the blank

-

300 from a punch surface of the punch top part 201b

by an inner pad stroke (specifically, a length of

the first pad 203 protruded from the punch top part
201b) Ip.

[0031] Meanwhilile, the second pad 204 1s applied

force 1n the direction of the blank 300 by the

pressure device, and sandwiches and binds the part

to be formed to the groove bottom part 101 of the

blank 300 with the first pad 203.

The blank 300 at this time 1s approximately
flat when seen from a cross section in a width
directlion as i1llustrated in Fi1g. 3A, but, 1t 1s
deformed so that one part of an end part 1n the
longitudinal direction rises, as 1llustrated in Fig.
44, This 1s because, to the punch 201, the outward

gr——

flange forming surface 201la for forming the outward

flange 106 1s provided up to a position higher than

that of the punch top part 201lb. Note that 1t 1s

not 1mprobable that no deformation occurs depending

on the inner pad stroke 1Ip.
[0032] The region 300a, in the blank 300, supported

by the first pad 203 corresponds to a region at a

-

center portion in the width direction of the part to

pe formed to the groove bottom part 101 and along an

entire length in the longitudinal direction, 1in

examples of Fig. 3A and Fig. 4A. Specifically, 1t

1s desirable that end parts in the width direction

- 23 -
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of the first pad 203 are set on the 1nside of R end
of ridge lines of the punch top part 201b of the
punch 201, since a stretch deformation of stretch
flange end being a main cause of fracture 1is
dispersed, and a shrinkage deformation 1in the
vicinity of a root of the flange being a main cause
of wrinkling 1s reduced. Further, 1t 1s also
possible that the first pad 203 does not exilist on

the region along the entire length in the

longitudinal direction, and the first pad 203 1is
only required to separate a region positioned at
least at the end portion in the longitudinal
direction, of the part to be formed to the groove
bottom part 101, from the punch top part 201Db.

[0033] Fig. 3B and Fig. 3C i1llustrate states 1n the
middle of the press forming. Further, Fig. 4B
1llustrates a state 1n the middle of the press
forming, 1in a similar manner to Fig. 3B and Fig. 3C,

and 1llustrates shapes of the respective parts and

the like more concretely. Note that i1n Fig. 4B, the
die 202 1s omitted 1n consideration of an easiness
of viewing.

Note that as described above, there 1is a case
i1n which the blank 300 1s already deformed as
illustrated 1n Fig. 4A, so that the start of the
press forming mentioned here 1ndicates a start of
forming of parts to be formed to the ridge line

parts 102 of the blank 300 as 1llustrated i1in Fig. 3B.
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o

When the press forming 1s started, forming of a part

to be formed to the outward flange 106, particularly

parts to be formed to the parts 106a of the outward

flange 106 1s substantially started, 1n accordance

P

with the forming of the parts to be formed to the

ridge line parts 102.
(0034] As 1llustrated 1n Fig. 3C, when a height of
a surface or line that forms the groove bottom part

101 in the die 202 becomes almost the same as that

of a surface, which abuts against the groove bottom

part 101, of the second pad 204, the first pad 203

starts lowering, resulting 1in that the inner pad

stroke Ip starts decreasing. It is easily
realizable 1in terms of apparatus structure to design
such that the second pad 204 1s lowered 1n
conjunction with the die 202, and the first pad 203
starts lowerlng by beling pushed by the second pad
204. Note that 1t 1s also possible that the inner
pad stroke Ip starts decreasing gradually from a

gt

time same as the start of the press

b

forming.

[0035] Fig. 3D illustrates a state when the press

forming 1s completed, namely, a state at a bottom

dead center of the forming. Further, Fig. 4C

l1llustrates a state when the press forming 1s

completed, 1n a similar manner to Fig. 3D, and

1llustrates shapes of the respective parts and the

like more concretely. ©Note that 1n Fig. 4C, the die

- 25 -
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gri=e

202 is omitted in consideration of an easiness ot

viewlng.
When the press forming is completed, the first

pad 203 1s housed in the pad housing hole 201lc, and

the inner pad stroke Ip becomes zero. Specifically,

the first pad 203 becomes flush with the punch top
part 201b.

(0036] Here, when the press forming in the press
forming step is completed, the forming of the groove
bottom part 101, the forming of the ridge line parts

102, the forming of the vertical wall parts 103, the

forming of the curved parts 104, the forming of the

pi.

forming of

-

flanges 105, and the the outward flange

106 are completed. However, the outward flange 106

is in a state of extending in a diagonally outer

direction in a longitudinal direction of a press-
formed product, as illustrated in Fig. OA.
Specifically, a rising angle of a part, formed from
the groove bottom part 101 along the two ridge 1line

parts 102, 102, of the outward flange 106 1s smaller

than the rising angle « of the outward flange 100

described in Fig. 1B. For example, although the

F

rising angle a of the outward flange 106 of the

press-formed member 100 as a product 1s 80 degrees,

the rising angle of the outward flange 106 1n the
press-formed product obtained through the press

forming step 1s 60 degrees. Further, a part, along

the vertical wall part 103, of the outward flange

- D -
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106 1s not perpendicular to the vertical wall part
103, but rises gently at a predetermined angle.
[0037] If the above-described steps are stated 1n

other words, by creating a state where the region

300a of the blank 300 is pushed up by the first pad
203, there is a state where, in the middle of the

F
p—

press forming, a radius of curvature rp, of each of

the parts to be formed to the ridge line parts 102

of the blank 300 once becomes larger than a radilus

F

of curvature r¢f of each of the ridge line parts 102

p—

at the point of time of completion of the press

forming (refer to Fig. 3B and Fig. 3C). At this

time, more specifically, there 1s a state where the
region in which the curvature 1s formed 1s wider
than the region of each of the ridge line parts 102

ety g~

at the point of time of completion of the press

forming, and is widened by being extended toward the

groove bottom part 101 side.

o

Further, 1n the process of the press forming

thereafter, the region 300a of the blank 300 1s made

to approach the punch top part 201b, so that the

radius of curvature r, becomes small to be close to
the radius of curvature r¢. Note that, although

there locally exists a portion, 1n the part to be

formed to the ridge line part 102, whose radius of

curvature 1s smaller than the radius of curvature rrs

due to the reason that the portion is brought 1nto

contact with a shoulder of the first pad 203 and the

— 277 -
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like, the radius of curvature r, is not a value

regarding such a micro-shape, and is a value

regarding an entire shape of the part to be formed

to the ridge 1line part 102.

Further, at the bottom dead center of the

forming being the time of completion of the press

forming, the first pad 203 is completely housed in

the pad housing hole 201c¢c, resulting 1n that the

radius of curvature r¢f coincides with the radius of

curvature ryp.

(0038] As described above, when the forming of the

ridge line parts 102, and 1n accordance with that,

F

the forming of the parts 106a of the outward flange

106 are conducted, the parts are not formed rapidly

into their final shapes, but formed relatively

moderately from the start to the middle of the press

forming by using the first pad 203, to thereby
reduce or prevent the occurrence of stretch flange

fracture at the outer peripheral edge portions of

the parts 10ba of the outward flange 106, and the

generation of wrinkling at the portion of the ridge

line part 102 in the vicinity of the outward flange

106 or the portion in the vicinity of the root in

the outward flange 106 (refer to portions 10Za in

Fig. 1A).
[0039] Further, 1t 1s desirable to sandwich and
bind the region 300a of the blank 300 using the

first pad 203 and the second pad 204 from the start

- 28 -
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to the completion of the press forming, for

preventing the reduction in formability due to the

positional displacement of the blank 300, and for

suppressing the reduction in dimensional accuracy of

5 the formed product.

(0040 ] The press-formed product obtained through

the press forming step 1s sometimes a press-formed

member as 1t 1s as a product, and 1in some cases, the

process proceeds to the post-press forming step by

10 using the press-formed product as an intermediate
formed product, as will be described later.

[0041] (3) Post-press forming step

As 1llustrated in Fig. 5A, 1n the press—-formed

product obtalned through the above-described press

15 forming step, the outward flange 106 1is 1n a state

P

of extending 1n the diagonally outer direction 1n

the longitudinal direction of the press-formed

product.

In the post-press forming step, the outward

20 flange 106 of the press-formed product obtained

through the press forming step 1s further raised, as

illustrated in Fig. 5B (refer to arrow marks 1in Figqg.

5B) . Specifically, the part, along the groove

bottom part 101, of the outward flange 106 1s raised

25 to set a rising angle of the part to be «. Further,

the part, along the vertical wall part 103, of the

outward flange 106 1s raised to set the part to Dbe

- 20 -



10

15

2 0

25

CA 02901744 2015-08-18

approximately perpendicular to the vertical wall

part 103, for example.

As a method of raising the outward flange 106,

-

a method of using a cam structure, or a bending

method which does not use the cam structure, for

example, can be emplovyed.

[0042] Specifically, 1t can also be said that the

post-press forming step 1s a step in which the

press—-formed product obtained through the press

forming step is set as the intermediate formed

)

product, and by raising the outward flange 106 of
the product, the press-formed member 100 as a
product 1s obtained. Although there is certainly a

case wnere the press-formed product obtained through

the press forming step can be set as it is to the

press—-formed member as a product, 1n a case where a

degree of dimensional accuracy and a degree of

rising of the outward flange in the press-formed
member are moderate and the like, and in this case,
the post-press forming step may be omitted.

(004 3] Fig. ©6A and Fig. ©oB illustrate results of

numerlical analysis performed by modelling a state

where a 980 MPa-class dual phase steel sheet having

F

a sheet thickness of 1.4 mm is press-formed in the

above-described press forming step.

In the targeted press-formed product, it was
set that a height (from a lower surface of the

flange 105 to an upper surface of the groove bottom



10

15

20

25

CA 02901744 2015-08-18

part 101) 1s 100 mm, a curvature of the ridge 1line

part 102 is 12 mm, a cross-sectional wall angle €

1s 80 degrees, the rising angle a 1s 80 degrees, a

width of flat portion of the groove bottom part 101

1s 60 mm, a flange width of the outward flange 106

(except for the vicinity of the parts 106a) 1s 15 mm,

and a curvature of a rising portion of the outward
flange 106 i1is 3 mm. Further, although the press

forming tool has a shape which 1s nearly a shape

corresponding to the press-formed member, in this

case, the forming was conducted by the press forming

step and the post-press forming step. In the press

forming step, a rising angle of the outward flange

P

106 of the forming tool of the parts corresponding

to the groove bottom part 101, the ridge line parts

102 and the vertical wall parts 103 was set to 60

degrees, and an inner pad width in the press forming

step was set to 44 mm.

P

Fig. 6A 1llustrates a result of numerical

analysis of a sheet thickness stralin at an outer

peripheral edge portion of the part 100a of the

outward flange 106 with respect to the 1inner pad

I

stroke Ip. Further, Fig. 6B 1llustrates a result of

i

numerical analysis of a sheet thickness strain 1n

the vicinity 102a of a root portion of the part 106a

-

of the outward flange 106 (rising portion of the

ridge line part 102) with respect to the 1nner pad

stroke Ip. t’ / ty, indicates a ratio of a sheet

- 331 -
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thickness after the forming with respect to a sheet

thickness before the forming.

Note that a state where the 1nner pad stroke 1Ip

1s 0 mm, 1s equivalent to a state where the first

pad 203 does not exist 1n a press forming tool.
[0044] When the inner pad stroke Ip 1s 0 mm, since

the sheet thickness strain at the outer peripheral

edge portion of the part 106a of the outward flange

106 reaches up to about -0.18, as 1llustrated in Fig.
oA, 1t 1s concerned that the sheet thickness 1s
reduced to cause the occurrence of stretch flange
fracture. Further, since the sheet thickness strailn

o~ p—

at the root portion of the part 1006a of the outward

flange 106 (the rising portion of the ridge line

part 102) reaches up to about 0.18, as 1llustrated

in Fig. 6B, the generation of wrinkling 1s concerned.
(004 5] On the contrary, 1n the press forming to
which the present invention 1s applied, 1t can be

understood that by providing the inner pad stroke Ip,

1t 1s possible to suppress the reduction 1n sheet

thickness at the outer peripheral edge portion of

the part 106a of the outward flange 106, and the
increase 1in thickness 1in the vicinity 102a of the

root portion of the part 106a of the outward flange

106 (the rising portion of the ridge 1line part 102).

Accordingly, 1t becomes possible to effectively

realize the suppression of the stretch flange
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e

fracture and the suppression of the generation o:

t )

wrinkling.

P

(004 6] Fig. 7 1llustrates results of experiment

obtalined by actually performing press forming on a

dual phase steel sheet of 590 MPa class (having a

sheet thickness of 1.39 mm), and a dual phase steel

)

sheet of 980 MPa class (having a sheet thickness of

e

1.4 mm), through the above-described press forming

step. Note that the targeted press-formed product

1s the same as that of the case of Fig. 6A and Fig.

oB.

Fig. 7 1llustrates a measured result of a sheet

thickness strain at the outer peripheral edge

F

portion of the outward flange 106 wilith respect to

the inner pad stroke Ip. The sheet thickness strain

1s specifically a sheet thickness strain at the

F

thinnest portion of the outer peripheral edge

portion of the outward flange 106.

As 1llustrated i1n Fig. 7, even 1n a case where

the dual phase steel sheet of 980 MPa class, which

1s further difficult to be formed, 1s employed, by

setting the inner pad stroke Ip within a range of 6

mm to 18 mm, 1t becomes possible to effectively

-

reallze the suppression of the stretch flange

I}

Tracture.

10047 ] As descrilibed above, 1t 1s possible to

improve the formability of the continuous outward

flange 106 including the parts 106a, without

- 33 -
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provliding cutouts which are deep enough to reach the
ridge line parts 102 to the parts 106a of the
outward flange 106 and without generating lowering
of material yield.

[0048] As stated above, the present invention 1s
described with various embodiments, but, the present

invention 1s not limited only to these embodiments,

and modifications and so on can be made within a

scope 0f the present invention.

The above-described embodiment 1s described by
citlng a case, as an example, 1n which both of the
press forming step and the post-press forming step
are conducted by the press forming through the bend

forming which uses no blank holder, but, the present

invention is not limited to this press forming, and
can also be applied to press forming by drawing
which uses the blank holder.

10049 ] Further, although the above-described
embodiment describes that the punch 201 1s

positioned on the lower side, and the die 202 1s

1)

positioned on the upper side, the relationship o:
the upper and lower positions may also be opposite,
for example.

0050 ] Further, 1n the present invention, the press
forming step or the post-press forming step 1s not
limited to the cold forming, and may also be hot

forming (so-called hot stamping). However, since

the hot forming can originally realize good stretch

- 34 -
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F
p—

- R

fective to apply the

invention particularly to the cold forming.

INDUSTRIAL APPLICABILITY

The present invention can be utilized for

manufacturing, not only a structural member of

automobilile but also a press-formed member, from a

blank of high-tensile strength steel sheet of 390

MPa or more, wlth a shape of cross section having at

least a

continued to end portions 1n a width direction of

groove bottom part, ridge line parts

N

the groove bottom part, and vertical wall parts

continued to the ridge line parts, and 1n which an

outward

flange including parts along the ridge 1line

parts 1s formed at an end part 1n a longitudinal

direction.
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CLAIMS

1. A manufacturing method of a press-formed member,

comprising

a press forming step of obtaining, from a blank
of high-tensile strength steel sheet of 390 MPa or
more, a press-formed product with a shape oI cross
section having at least a groove pbottom part, a
ridge line part continued to an end portion 1in a
width direction of the groove bottom part, and a
vertical wall part continued to the ridge line part,
and in which an outward flange including a part
along the ridge line part is formed at an end part
in a longitudinal direction, by using a press
forming apparatus including a punch and a die,
whereiln

the press forming step 1ncludes:

a first step of starting forming of the ridge
line part and forming of the outward flange, by

creating a state where at least an end portion 1n a

longitudinal direction of a part to be formed 1in the

groove bottom part of the blank i1s separated from a

punch top part, in the punch, which forms the groove

bottom part;

a second step of advancing forming of the ridge

line part, forming of the vertical wall part and

forming of the outward flange and making, at the

time of starting the forming of the ridge line part

| |
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or thereafter, the part to be formed 1n the groove

bottom part of the blank separated from the punch
top part approach the punch top part; and

completing, when the press forming is completed,

the forming of the groove bottom part, the forming
of the ridge line part, the forming of the vertical

wall part, and the forming of the outward flange.

2 . The manufacturing method of the press-formed
member according to claim 1, wherein:

in the first step, at least the end portion 1in
the longitudinal direction of the part to be formed
in the groove bottom part of the blank 1s set to Dbe
in the state of being separated from the punch top
part by creating a state where a first pad provided

to be able to freely protrude from or withdraw 1nto

the punch top part, is protruded from the punch tOp

part; and
in the second step, the first pad 1s lowered toO

make the part to be formed 1in the groove bottom part
of the blank separated from the punch top part

approach the punch top part.

3. The manufacturing method of the press-formed

member according to claim 2, wherein

| |
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the first pad and a second pad provided on a
side opposite to that of the first pad with the
blank provided therebetween are used tO sandwich and
bind the blank during a period from performing the
first step and the second step to completing the

press forming.

4 . The manufacturing method of the press-formed

member according to any one of claims 1 to 3,

further comprising
a post-press forming step with respect to the
press-formed product, whereiln

in the post-press forming step, the outward

flange of the press-formed product is further raised.

5. A manufacturing method of a press-formed member,

comprlsing

a press forming step of obtaining, from a blank

of high-tensile strength steel sheet of 320 MPa or

—.

more, a press-formed product with a shape of cross
section having at least a groove bottom part, a
ridge line part continued to an end portion 1n a

width direction of the groove bottom part, and a

vertical wall part continued to the ridge line part,

and in which an outward flange including a part

along the ridge line part 1is formed at an end part

| i
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in a longitudinal direction, by using a press
forming apparatus including a punch and a die,
wherein

the press forming step includes:

creating a state where a radius of curvature of
cach of a part to be formed in the ridge line part
of the blank during press forming (rp) 1s larger
than a radius of curvature of each of the ridge line
part at completion of the press forming (re);

in a process of the press forming, advancing
forming of the ridge line part, forming of the
vertical wall part and forming of the outward flange
and decreasing r, so as to approach r¢; and

completing, when the press forming 1is completed,
the forming of the groove bottom part, the forming
of the ridge line part, the forming of the vertical

wall part, and the forming of the outward flange.

o . The manufacturing method of the press-formed
member according to claim 5, whereiln

in the state where rp, 1s larger than rr, a
region in which the curvature is formed 1s 1n a
state of being wider than a region of each of the
ridge line part at the point of time of completion
of the press forming, and is in a state of beilng

widened by being extended toward the groove bottom

part side.

|
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7. A press forming apparatus which manufactures a
press~formed member, from a blank of high-tensile
strength steel sheet ¢of 390 MPa or more, with a
shape of cross section having at least a groove
bottom part, a ridge line part continued to an end
portion in a width direction of the groove bottom
part, and a vertical wall part continued to the
ridge line part, and in which an outward flange
including a part along the ridge line part 1s formed
at an end part in a longitudinal directilon, the
press forming apparatus comprilsing:

a punch;

a die; and

a first pad capable of freely protruding from
or withdrawing into a punch top part, in the punch,
which forms the groove bottom part, and abutting
against one surface of the blank, wherein:

forming of the ridge line part and formling oOf
the outward flange are started by creating a state
where at least an end portion in a longitudinal
direction of a part to be formed i1in the groove
bottom part of the blank is separated from the punch
top part, in the punch, which forms the groove
bottom part, by setting the first pad to be 1n a

state of protruding from the punch top part; ana

|
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advancing forming of the ridge line part,

forming of the vertical wall part and forming of the
outward tftlange;

the first pad is lowered at the time of
starting the forming of the ridge line part Or
thereafter, to make the part to be formed 1in the
groove bottom part of the blank separated from the
punch top part approach the punch top part; and

when the press forming 1s completed, the
forming of the groove bottom part, the forming of
the ridge line part, the forming of the vertical
wall part, and the forming of the outward flange are

completed.
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FIG. 3C
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FIG. 6A

| | |
© o ©
> N
I

-0.18

—0.20 |-

—0.22

L ) |

l I ] B |

{ | ] | | |

0

5

F1G. 6B

10
[nner pad stroke Ip(mm)

15

0.25

0.15

T Tt ] T

0.10

| ] [

0.200\0\0\0_/

| | |

| [ S

-

S R R R B

5 l

S

10

15

Inner pad stroke Ip(mm)

8/11



CA 02901744 2017-01-06

I
O
|

|
O
(A
|

Thickness strain € t =In(t’/to)
|
-
N

0 10 20 30
Inner pad stroke Ip(mm)

FIG. 8A

9/ 11



CA 02901744 2017-01-06

h
2
PRIOR ART
FIG. 8C
PRIOR ART

10 /11



CA 02901744 2017-01-06

/ /
/ 6\( /
7 %’; :> /..,,, / ////
"“Q&f___7“<if/i/////y// 4ﬁ§é§ ’—Yi-
‘ e P

11 /11




202a

202

"y

,"
P
,._...._........‘r/

& — \ #

503 201D

—F.’

. S

7 \x |

\ /_

RN

% Y
N '» \ .A.,’ ’L
f.r‘ﬂ,,/ll,

B i

/-..

LT

—
— i

’

Jp—
.--‘f

—

300



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - claims
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - abstract drawing

