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(54) PRESS MOLDING METHOD AND PRESS MOLDING DEVICE

(57) Provided is a means for efficiently imparting high
tensile stiffness to a press stamping product by high form-
ing stability, wherein that means can narrow a sacrificial
constricted part, can greatly improve material yields, and
can effectively resolve strain due to actual cross-section-
al length differences in punch shapes in press forming
accompanied by restriction of a sheet-shaped workpiece.
When pressing between a punch (11) and a die (21) ac-
companied by expansion from a peripheral side while
constraining the peripheral part of the sheet shaped
workpiece (P1) by a plurality of blank holders (3) formed
from a pair of sandwiching members (3a, 3b), in a process
up to pressing after contact of a sheet shaped workpiece
(P1) with a forming surface (10) of the punch (11), each
blank holder (3) is displaced in the pressing direction and
the sheet shaped workpiece (P1) is superimposed on the
forming surface (10) of the punch (11), and then dis-
placed in the outside direction and the sheet shaped
workpiece (P1) is expanded. After completion of press-
ing, each blank holder (3) is displaced along the opposite
of the pressing direction, and the press stamping product
(P1) is disengaged from the punch (11). Furthermore,
after both sandwiching members (3a, 3b) are made to
detach and the press stamping product (P) removed,
both sandwiching members (3a, 3b) are displaced toward
the inside direction, and a sheet shaped workpiece (P1)

is returned to an initial position prior to being constrained.
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Description

Technical Field

[0001] The present invention relates to a press forming
method and a press forming device for producing a press
stamping product for which a high tensile stiffness is re-
quired, for example, a body panel of an automobile.

Background Art

[0002] Conventionally, as means of producing a press
stamping product such as a body panel of an automobile
from a sheet shaped workpiece made up of a thin metal
sheet, a drawing press forming method which is called a
stretch-draw process is widely used. This drawing press
forming method is carried out as shown for example in
Figure 12 such that a peripheral part of a sheet shaped
workpiece P1 is gripped and constrained between an out-
er peripheral sandwiching part 82 of a die 81 secured to
a ram 80 and a blank holder 84 elastically supported by
a cushion pin 83, and the sheet shaped workpiece P1 as
constrained is pressed between the die 81 and a punch
86 secured to a base 85 while being drawn by tension
from the peripheral side thereof, thereby obtaining a
press stamping product having a desired shape. Note
that the blank holder 84 is made up of a ring-shaped
integrated body surrounding the punch 86. Moreover, al-
though the figure indicates that the die 81 is movable and
located on the upper side, there may be a configuration
in which up-and-down relationship is reversed, or a con-
figuration in which the punch 86 is movable.
[0003] The press stamping product P obtained by such
a drawing press forming method is generally configured,
for example as schematically shown in Figure 13, such
that a product part A is surrounded by a sacrifice drawing
part B and a sandwiching part C, in which the sacrifice
drawing part B includes a bent part E which corresponds
to a boundary portion of the forming surface 86a of the
punch 86 with a peripheral edge part 86b, that is, a sloped
peripheral wall part 86c (see Figure 12(a)), and the sand-
wiching part C is formed with a groove shape G by con-
cavo-convex fitting in a sandwiching surface between the
outer peripheral sandwiching part 82 of the die 81 and
the blank holder 84 to increase sandwiching force. It is
noted that the product part A and the sacrifice drawing
part B are expanded from the product corresponding part
A1 and the sacrifice drawing corresponding part B1 in
the sheet shaped workpiece P1, respectively due to the
elongation effect during forming, and the sandwiching
part C is also expanded from the sandwiching corre-
sponding part C1 due to the formation of the groove
shape G.
[0004] Further, since the sacrifice drawing part B and
the sandwiching part C of the press stamping product P
is eventually cut off and removed from the product part
A, it is desirable to increase the proportion of the product
corresponding portion making up the sheet shaped work-

piece P1 as much as possible in the viewpoint of material
yield. However, since the sandwiching corresponding
part C1 needs to have a fixed width to ensure constraint
force during forming, it is necessary to decrease the width
of the sacrifice drawing corresponding part B1 in the
sheet shaped workpiece P1 to improve the material yield.
On the other hand, to obtain a high quality product as the
press stamping product P, it is essential to impart a high
tensile stiffness thereto by enhancing the expansion of
the product part A during forming.
[0005] However, when the bending of the peripheral
edge part 86b of the forming surface 86a in the punch
86 is enhanced to decrease the angle with respect to the
press axis direction of the sloped peripheral wall part 86c,
the elongation at the sacrifice drawing part B increases,
thereby allowing the region of the sacrifice drawing cor-
responding part B1 in the sheet shaped workpiece P1 to
be small, but on the other hand, since the moving resist-
ance of the material toward the peripheral side increases
due to the peripheral edge part 86b having a severe bend,
the expansion in the product part A becomes insufficient,
thus disabling to impart high tensile stiffness thereto. Fur-
ther, on the contrary, when the level of bending of the
peripheral edge part 86b of the forming surface 86a is
decreased, thereby increasing the angle of the sloped
peripheral wall part 86c, since the moving resistance of
the material in the peripheral edge part 86b having a less-
severe bend decreases, it is possible to sufficiently ex-
pand the product part A thereby imparting high tensile
stiffness thereto, but the region of the sacrifice drawing
corresponding part B1 in the sheet shaped workpiece P1
must be increased, thereby resulting in a decrease of
material yield. Therefore, in conventional general draw-
ing press forming, a problem exists in that increasing the
material yield and imparting high tensile stiffness to the
press stamping product are mutually contradictory in a
methodological sense, and cannot be achieved at the
same time.
[0006] Then, as a tensile forming and tensile press
forming, several methods of performing pressing are pro-
posed in which the peripheral part of the sheet shaped
workpiece is sandwiched and constrained by a blank
holder, and the constrained sheet shaped workpiece is
expanded beforehand by outward slide of the blank hold-
er, and is thereafter pressed while being gripped between
the punch and the die (for example, Patent Literatures 1
to 3). According to these proposed methods, it is reported
that by setting the sandwiching position of the sheet
shaped workpiece by the blank holder to a position near
the peripheral edge part of the forming surface of the
punch, it is possible to narrow the sacrifice drawing cor-
responding part in the sheet shaped workpiece, thereby
increasing material yield, and also impart high tensile
stiffness to the press stamping product.
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Citation List

Patent Literature

[0007]

Patent Literature 1: Japanese Patent Publication
No.51-1571
Patent Literature 2: Japanese Utility Model Laid-
Open No.6-5723
Patent Literature 3: Japanese Patent No.3410613

Summary of Invention

Technical Problem

[0008] The above proposed method of pressing be-
tween a punch and a die after expanding a sheet shaped
workpiece in advance has not yet been adopted for prac-
tical usages. As a causal factor for that, a critical problem
exists in that since expanding the sheet shaped work-
piece in advance as in the proposed method will reduce
the permissible amount of forming before forming, ma-
terial is not fed to regions where actual cross-sectional
length is large, during forming, thereby resulting in form-
ing defects. That is, when there are local concavo-convex
parts on the forming surface of the punch, while strain is
generated due to excess or deficiency of material caused
by actual cross-section length difference at the concavo-
convex parts and in the vicinity thereof as pressing pro-
ceeds, free movement of material is impaired by expan-
sion before forming, and stain and residual stress in-
crease so that it is inevitable that dimensional accuracy
and surface quality deteriorate, and tears (cracks) etc.
occur in portions where material becomes deficient.
[0009] In view of the above described circumstances,
the present invention has its object to provide a press
forming method and a press forming device which can
significantly reduce the width of a sacrifice drawing cor-
responding part, thereby greatly improving the material
yield upon producing a press stamping product such as
a body panel of automobile from a sheet shaped work-
piece, as well as effectively resolve strain of the shape
of the punch due to actual cross-sectional length differ-
ence, thus allowing to obtain a high quality press stamp-
ing product having high tensile stiffness and surface qual-
ity due to an excellent forming stability, without producing
tears and damages.

Solution to Problem

[0010] Showing the means for achieving the above de-
scribed object in conjunction with reference characters
of the drawings, a press forming method relating to claim
1 of the invention is a press forming method of expanding
a sheet shaped workpiece P1 by pulling the sheet shaped
workpiece P1 from a peripheral side when pressing the
sheet shaped workpiece P1 between a punch 11 and a

die 21 while constraining a peripheral part of the sheet
shaped workpiece P1 with a plurality of mutually inde-
pendent blank holders 3..., wherein: as each blank holder
3, one made up of a pair of sandwiching members 3 a
and 3b which are oppositely disposed in a detachable
manner and are adapted to grip the peripheral part of the
sheet shaped workpiece P1 therebetween are used; in
a process from when the sheet shaped workpiece P1
constrained by the blank holder 3... comes into contact
with a forming surface 10 of the punch 11 until when the
workpiece is pressed between the punch 11 and the die
21, at least two steps of displacement operation are per-
formed in which each blank holder 3 is displaced along
a press axis direction Y to make the sheet shaped work-
piece P1 superimposed on the forming surface 10 of the
punch 11, and next is displaced in an outward direction
to expand the sheet shaped workpiece P1; and after end
of pressing, each blank holder 3 is displaced along a
counter press-axis direction to cause a press stamping
product P1 to be disengaged from the forming surface
10 of the punch 11, and further after both the sandwiching
members 3a and 3b of the blank holder 3 are detached,
or the press stamping product P is taken out after the
detachment, both the sandwiching members 3a and 3b
are displaced in an inward direction to be returned to an
initial position before constraining of the sheet shaped
workpiece P1.
[0011] In the invention of claim 2, the above described
press forming method of claim I is configured such that
in the forming process by the action of the die 21 side,
each blank holder 3 is displaced along the press axis
direction as one body with the die 21 from when con-
straining the peripheral part of the sheet shaped work-
piece P1 until when the sheet shaped workpiece P1 is
superimposed on the forming surface 10 of the punch
11, and then is displaced in the outward direction by the
actuating force of the die 21 until the end of the forming.
[0012] In the invention of claim 3, the above described
press forming method of claim 1 is configured such that
the displacement operation in the process from when the
sheet shaped workpiece P1 constrained by the blank
holder 3... comes into contact with the forming surface
10 of the punch 11 until when the workpiece is pressed
between the punch 11 and the die 21, is performed in
three steps, in which each blank holder 3 is displaced
along the press axis direction to make the sheet shaped
workpiece P1 superimposed on the forming surface 10
of the punch 11; then, is displaced in obliquely outward
direction with respect to the press axis direction; and fur-
ther is displaced in an outward direction orthogonal to
the press axis direction to expand the sheet shaped work-
piece P1.
[0013] On the other hand, the invention of claim 4 is a
press forming device for expanding a sheet shaped work-
piece P1 by pulling the sheet shaped workpiece P from
the peripheral side when pressing the sheet shaped
workpiece P1 between a punch 11 and a die 21 while
constraining a peripheral part of the sheet shaped work-
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piece P1 with a plurality of mutually independent blank
holders 3..., wherein the punch 11 constitutes a station-
ary mold, and the die 21 constitutes a movable mold;
each blank holder 3 is made up of a first and a second
sandwiching members 3a and 3b which are oppositely
disposed and are adapted to grip the peripheral part of
the sheet shaped workpiece P1 therebetween, in which
the first sandwiching member 3a is held by a holder sup-
port member 4, which is elastically biased in the press
axis direction on the punch 11 side, to be movable far
and near with respect to a press forming part, and the
second sandwiching member 3b is held in the same way
on the die 21 side; the press forming device comprising
outward displacement means (sloped sliding contact
parts 13 and 35) for displacing the each blank holder 3
in an outward direction by an actuation force in the press
axis direction of the die 21 during forming process, and
inward displacement means (an air cylinder 6, and sloped
guiding parts 32a and 37a) for displacing both the sand-
wiching members 3a and 3b, which have been detached,
of each blank holder 3 in an inward direction to return the
sandwiching members 3a and 3b to an initial position
before constraining of the sheet shaped workpiece P1
after the end of forming; in a process from when the pe-
ripheral part of the sheet shaped workpiece P1 is con-
strained between both the sandwiching members 3a and
3b of each blank holder 3 as the die 21 approaches the
punch 11 upon forming, and then the sheet shaped work-
piece P1 is pressed against and superimposed on a form-
ing surface 10 of the punch 11 until when the sheet
shaped workpiece P1 is pressed between the punch 11
and the die 21, each blank holder 3 is displaced in the
outward direction by the outward displacement means
to expand the sheet shaped workpiece P1, and as the
die 21 is separated from the punch 11 after the end of
forming, each blank holder 3 is displaced along with the
die 21 by resilient biasing of the holder support member
4, then the second sandwiching member 3b is displaced
as one body with the die 11 and is detached with respect
the first sandwiching member 3 a which is stopped at a
displacement limit, and both the sandwiching members
3a and 3b which have been detached are returned to an
initial position by the inward displacement means.
[0014] In the invention of claim 5, the above described
press forming device of claim 4 is configured such that
the inward displacement means comprises a fluid pres-
sure cylinder (an air cylinder 6) for moving the first sand-
wiching member 3a of the blank holder 3 to the punch
11 side, and sloped guiding parts 32a and 37a which are
provided on the first and second sandwiching members
3a and 3b to be slidable with each other, and is adapted
to displace the second locking member 3a inwardly by a
slope guiding effect which is obtained when the sloped
guiding parts 37a and 32a, which are provided on the
second locking member 3b held on the die 21 side, and
on the first sandwiching member 3a, come into sliding
contact with each other during action of the die 21 in the
press axis direction for next press forming after the first

sandwiching member 3 a is moved inwardly by the fluid
pressure cylinder.
[0015] In the invention of claim 6, the above described
press forming device of claim 4 is configured such that
the outward displacement means displaces the blank
holder 3 in an obliquely outward direction with respect to
the press axis direction by a slope guiding effect associ-
ated with sliding contact between sloped sliding contact
parts 35 and 13 which are provided on the first sandwich-
ing member 3 a side of the blank holder 3 and on the
punch 11 side so as to face each other, and next displac-
es the blank holder 3 to an outward direction orthogonal
to the press axis direction by an inertial force of the black
holder 3 generated when movement of the holder support
member 4 in an anti-biasing direction is stopped by a
stopper 7.
[0016] In the invention of claim 7, the above described
press forming device of claim 4 is configured such that
a far and near moving direction of the second sandwich-
ing member 3b of the blank holder 3 with respect to the
die 21 side is inclined by an angle in a range of 1 to 10°
with respect to a plane orthogonal to the press axis di-
rection so as to be further spaced apart from the punch
11 side at a larger distance.

Advantageous Effects of Invention

[0017] Next, advantageous effects of the present in-
vention will be described with reference to reference
characters of the drawings. First, according to the press
forming method relating to the invention of claim 1, since,
firstly, each blank holder 3 is displaced along a press axis
direction to make the sheet shaped workpiece P super-
imposed on the forming surface 10 of the punch 11 in a
process from when the sheet shaped workpiece P1 which
is constrained at the peripheral part by the blank holder
3 comes into contact with a forming surface 10 of the
punch 11 until when the workpiece is pressed between
the punch 11 and the die 21, in this step, the sheet shaped
workpiece P comes to fit with substantially the whole of
the forming surface 10 of the punch 11 almost without
decreasing the permissible amount of forming so that a
three-dimensional shape of the forming surface 10 ex-
cept the concave part 10a is transferred to the sheet
shaped workpiece P1. Next, by displacing the blank hold-
er 3 in an outward direction to expand the sheet shaped
workpiece P1, it is possible to cause a smooth material
movement from the middle side to the peripheral side at
low resistance in the peripheral edge part 10b of the form-
ing surface 10. Therefore, by arranging the sandwiching
position of the sheet shaped workpiece P1 by the blank
holder 3 at a position close to the peripheral edge part
10b of the forming surface 10 of the punch 11, it is pos-
sible to significantly reduce the width of the sacrifice
drawing corresponding part B1 in the sheet shaped work-
piece P1, thereby significantly improving the material
yield, and imparting high tensile stiffness to the press
stamping product P, and further, even if strain due to
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excessive amount of material occurs in a portion having
small actual cross-sectional length due to a concavity
and convexity of the forming surface 10, the excess ma-
terial of the strained portion is effectively withdrawn to
the peripheral side by the material movement in the ex-
pansion process, thereby getting rid of the strain.
[0018] Furthermore, since each blank holder 3 is dis-
placed along the press axis direction to make the press
stamping product P disengaged from the forming surface
10 of the punch 11 after the end of forming, and after
both the sandwiching members 3a and 3b of the blank
holder 3 are detached, or the press stamping product P
is taken out after the detachment, both the sandwiching
members 3a and 3b are displaced inwardly to be returned
to the initial position before constraining of the sheet
shaped workpiece P1; the press stamping product P
maintains its formed shape at the time of expansion until
it is separated from the forming surface 10 of the punch
11 and is freed from the constraint by the blank holder
3... so that the deformation of the press stamping product
P by both the sandwiching members 3a and 3b is pre-
vented. Thus, the relative displacement along the press
axis direction between the punch 11 and the blank holder
3 may be achieved by moving the punch 11 as a movable
mold, or by moving the blank holder 3 as one body with
the die 21 side, or separately.
[0019] According to the invention of claim 2, in the
above described press forming method in which the die
21 actuates, since the blank holder 3 is displaced as one
body with the die 21 along the press axis direction from
when constraining the peripheral part of the sheet shaped
workpiece P1 until when the sheet shaped workpiece P1
is superimposed on the forming surface 10 of the punch
11, and then is displaced in an outward direction by an
actuating force of the die 21, there is no need of a sep-
arate driving mechanism for the displacement of the
blank holder 3, and thus it possible to configure the press
forming device compactly and functionally.
[0020] According to the invention of claim 3, in the
above described press forming method, when a sheet
shaped workpiece P1 is expanded by the displacement
of each blank holder 3 in an outward direction after the
plate shaped workpiece P is superimposed on the form-
ing surface 10 of the punch 11, since first, the blank holder
3 is displaced in an obliquely outward direction in a spe-
cific angle range with respect to the press axis direction,
thereby allowing sufficient drawing effect to be exhibited,
and is further displaced in an outward direction orthogo-
nal to the press axis direction, thereby making the tensile
angle shallow, the resistance to material movement in
the peripheral edge part 10b of the forming surface 10
of the punch 11 decreases in the last stage of expansion,
and thus internal strain of the sheet shaped workpiece
P1 is effectively reduced by the facilitation of the material
movement, making it possible to stably obtain a high qual-
ity press stamping product P having a higher dimensional
accuracy and a higher tensile stiffness.
[0021] According to the invention of claim 4, as a device

to be used for the above described press forming, a de-
vice is provided which has a simple configuration and
can efficiently and stably produce a high quality press
stamping product P having a higher dimensional accu-
racy and a higher tensile stiffness, the device is config-
ured such that in a process from when the peripheral part
of the sheet shaped workpiece P1 is constrained be-
tween both the sandwiching members 3a and 3b of each
blank holder 3 as the die 21 approaches the punch 11,
and then the sheet shaped workpiece P1 is pressed
against and superimposed on a forming surface 10 of
the punch 11 until when the sheet shaped workpiece P1
is pressed between the punch 11 and the die 21, each
blank holder 3 is displaced in the outward direction by
the outward displacement means to expand the sheet
shaped workpiece P1, and as the die 21 is separated
from the punch 11 after the end of forming, each blank
holder 3 is displaced along with the die 21 by resilient
biasing of the holder support member 4, then the second
sandwiching member 3b is displaced as one body with
the die 11 and is detached with respect the first sand-
wiching member 3 a which is stopped at a displacement
limit, and both the sandwiching members 3a and 3b which
have been detached are returned to an initial position by
the inward displacement means.
[0022] According to the press forming device relating
to the invention of claim 5, since the inward displacement
means of each blank holder 3 is configured such that
only inwardly displacing the first sandwiching member
3a with a fluid pressure cylinder (an air cylinder 6) to
return it to its initial position causes the second locking
member 3b to be automatically displaced inwardly and
returned to its initial position, when the die 21 makes
action in the press axis direction for next press forming,
the device configuration become simplified and function-
al compared to a case where a power mechanism for
inward displacement for each of both the sandwiching
members 3a and 3b is provided.
[0023] According to the press forming device relating
to the invention of claim 6, upon expanding the sheet
shaped workpiece P1 with outward displacement means,
first, the blank holder 3 is displaced in an obliquely out-
ward direction with respect to the press axis direction,
thereby allowing sufficient drawing effect to be exhibited
and, besides, since the blank holder 3 is successively
displaced in an orthogonal direction with respect to the
press axis direction, the tension angle becomes shallow
in the last stage of expansion so that the resistance to
the material movement in the peripheral edge part 10b
of the forming surface 10 of the punch 11 decreases, and
thus internal strain of the sheet shaped workpiece P1 is
effectively reduced by the facilitation of the material
movement, making it possible to stably obtain a high qual-
ity press stamping product P having a higher dimensional
accuracy and a high tensile stiffness. Furthermore, since
the above described displacement in the obliquely out-
ward direction is performed by a sloped guidance effect
associated with sliding contact between the sloped slid-
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ing contact parts 35 and 13 on the first sandwiching mem-
ber 3a side and on the punch 11 side, and the next dis-
placement in the direction orthogonal to the press axis
direction is performed by the inertial force associated with
the stopping of the movement of the holder support mem-
ber 4, the structure for producing both displacements is
significantly simplified, and a high operating reliability is
obtained.
[0024] According to the invention of claim 7, in the
above described press forming device, since a far and
near moving direction of the second sandwiching mem-
ber 3b of the blank holder 3 with respect to the die 21
side is inclined in a specific angle range with respect to
the plane orthogonal to the press axis direction so as to
be further spaced apart from the punch 11 side at a larger
distance, it is possible to securely inhibit the movement
of the second sandwiching member 3b to approach the
die 21 side during forming.

Brief Description of Drawings

[0025]

[Figure 1] Figure 1 is a longitudinal sectional side
view of principal parts of a press forming, device be-
fore and after forming, relating to a first embodiment
of the present invention.
[Figure 2] Figure 2 is a perspective view showing a
longitudinal half of a punch-side metal mold of the
same press forming device.
[Figure 3] Figure 3 is a perspective view showing
longitudinal halves of a holder support member, and
a first sandwiching member of a blank holder of the
same press forming device.
[Figure 4] Figure 4 is a perspective view showing
longitudinal halves of a die-side metal mold and a
second sandwiching member of a blank holder of
the same press forming device.
[Figure 5] Figure 5 shows principal parts of the same
press forming device, in which (a) is a longitudinal
sectional side view showing a sheet shaped work-
piece before being sandwiched and a second sand-
wiching member of the blank holder being located
at an outward position, and (b) is a longitudinal sec-
tional side view of the second sandwiching member
as being inwardly displaced.
[Figure 6] Figure 6 shows principal parts of the same
press forming device, in which (a) is a longitudinal
sectional side view showing the sheet shaped work-
piece before being sandwiched and the second
sandwiching member of the blank holder being in-
wardly displaced up to an initial position, and (b) is
a longitudinal sectional side view showing a step in
which the sheet shaped workpiece is sandwiched.
[Figure 7] Figure 7 shows principal parts of the same
press forming device, in which (a) and (b) are longi-
tudinal sectional side views at positions different
from each other in a step in which the workpiece is

superimposed on the forming surface of the punch.
[Figure 8] Figure 8 shows principal parts of the same
press forming device, in which (a) is a longitudinal
sectional side view at the end of pressing, and (b) is
a longitudinal sectional side view of a step in which
a press stamping product after the end of pressing
is disengaged from the punch.
[Figure 9] Figure 9 shows principal parts of the same
press forming device, in which (a) is a longitudinal
sectional side view showing the first sandwiching
member and the second sandwiching member of the
blank holder being detached after the end of press-
ing, and (b) is a longitudinal sectional side view show-
ing the first sandwiching member being inwardly dis-
placed after the end of pressing.
[Figure 10] Figure 10 shows principal parts of a press
forming device relating to a second embodiment of
the present invention, in which (a) is a longitudinal
sectional side view showing the blank holder being
displaced in an obliquely outward direction, and (b)
is a longitudinal sectional side view showing the
blank holder next being displaced in a direction or-
thogonal to the press axis direction.
[Figure 11] Figure 11 is a diagram showing displace-
ment cycles of the first and second sandwiching
members of the blank holder in each of the press
forming devices of the first and second embodiments
of the present invention.
[Figure 12] Figure 12 shows forming operation by a
conventional press forming device, in which (a) is a
longitudinal sectional side view before forming, and
(b) is a longitudinal sectional side view after forming.
[Figure 13] Figure 13 schematically shows an exam-
ple of a press stamping product, in which (a) is a
perspective view, and (b) is a longitudinal sectional
view of a principal part.

Description of Embodiments

[0026] Hereafter, a press forming method and a press
forming device relating to the present invention will be
specifically described with reference to the drawings.
[0027] A press forming device relating to a first embod-
iment of the present invention is made up of, as shown
in Figure 1, a punch-side metal mold 1 as a stationary
lower mold attached to a base (not shown), a die-side
metal mold 2 as a movable upper mold which is fixedly
arranged on the lower surface side of a ram (not shown)
to be opposed to the punch-side metal mold 1, four in-
dependent blank holders 3... which sandwich and con-
strain each side of a peripheral part of a rectangular sheet
shaped workpiece P1, and a rectangular frame-shaped
holder support member 4. Moreover, each blank holder
3 is made up of a first sandwiching member 3 a which is
held on the punch side via the holder support member
4, and a second sandwiching member 3b which is held
on the die side.
[0028] The punch-side metal mold 1 is arranged, as
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shown in Figure 2 as well, such that the punch 11 of which
top part constitutes as the whole a convex forming sur-
face 10 is arranged to protrude upwardly, and a horizontal
deck 12 extending outwardly from the entire circumfer-
ence of the base part of the punch 11 is provided. It is
noted that the forming surface 10 includes a local con-
cave part 10a. On each side surface 11a of the punch
11, a plurality of sloped sliding contact parts 13 each
forming a sloped surface facing obliquely upwardly, and
a plurality of vertical sliding contact parts 14 are arranged
to protrude, and a slide plate 5 is adhered to the surface
of each of these sliding contact parts 13 and 14. Further,
the horizontal deck 12 is formed with a plurality of pin
insertion holes 15... at a fixed spacing in two rows, inner
and outer, along each side surface 11a of the punch 11,
includes an upward protruding part 12a... at each of four
corners, and is formed with a flange part 12b which con-
nects between these upward protruding parts 12a... at
an outer end edge. Further, a mold abutment part 16 with
a guide pin 16a is provided on the upper surface of each
upward protruding part 12a of the horizontal deck 12, a
holder sliding contact part 17 having a rectangular con-
vex shape is included in each of the side surfaces op-
posing to each other of the upward protruding parts
12a..., and further retainer safety pins 18 for the holder
support member 4 are arranged to stand at four locations
near each upward protruding part 12a in the vicinity of
each flange part 12b along the longitudinal direction.
[0029] The die-side metal mold 2 is made up of, as
shown in Figure 4, a die 21 having a rectangular shape
in a plan view and configured to protrude downwardly,
and a sloped deck 22 which extends outwardly from the
entire circumference of the base part to be sloped slightly
upwardly, in which the downward-facing forming surface
20 of the die 21 takes on a concave shape as the whole
corresponding to the forming surface 10 of the punch 11,
and has a local convex part 20a corresponding to the
local concave part 10a on the punch 11 side. The die 21
includes holder opposite-contact parts 23, which each
have a rectangular convex shape and to which a slide
plate 5 is adhered, at a plurality of locations of each side
surface 21a thereof. On the other hand, the sloped deck
22 includes a plurality of slide plates 5 adhered thereto
along each side of the die 21, and has downward pro-
truding parts 22a..., which each have a rectangular shape
in a plan view, at four corners, and downward-facing
flanges 22b... which each connect between the down-
ward protruding parts 22a... are formed at outer end edg-
es. Further, a mold abutment part 24 with a pin hole 24a
corresponding to the mold abutment part 16 on the punch
11 side is provided on the lower surface of each down-
ward protruding part 22a of the sloped deck 22, and also
strip-shaped holder holding parts 25 and 25, which each
extend, at a position downwardly spaced apart from the
sloped surface of the sloped deck 22, in parallel with the
sloped surface in opposite directions, are provided in
both side parts corresponding to each side of the die 21.
[0030] The holder support member 4 is configured, as

shown in Figure 3 as well, such that a flat plate part 4b
horizontally extends out inwardly from a lower part of the
outer frame part 4a which is thick in vertical direction,
and a plurality of cushion pins 41... are arranged to pro-
trude on the lower surface side. A plurality of slide plates
5 are adhered to the upper surface side of the flat plate
part 4b, and a reciprocating air cylinder 6 in which a piston
rod 6a is configured to protrude outwardly, is attached to
a central position of each side. Further, each rectangular
corner portion of the outer frame part 4a is inwardly re-
cessed in a L-shape in a plan view, and strip-shaped
holder holding parts 42 which each extend out above the
flat plate part 4b from the upper surface part correspond-
ing to each side of the L-shape are provided, as well as
vertical sliding contact parts 43 which each have a rec-
tangular convex shape and to which each slide plate 5
is adhered are formed on both side surfaces which are
adjacent and facing outwardly. Moreover, the middle part
of each side of the outer frame part 4a is recessed facing
inwardly, and in the recessed portion, a vertically-orient-
ed rectangular connecting plate 61 adhered to the tip end
of the piston rod 6a of the air cylinder 6 protrudes up-
wardly.
[0031] This holder support member 4 is disposed to be
able to move up and down via the cushion pins 41... in
such a fashion to surround the punch 11 on the horizontal
deck 12 of the punch-side metal mold 1 by inserting the
cushion pins 41... into the pin insertion holes 15... of the
horizontal deck 12 of the punch-side metal mold 1, and
is arranged such that each vertical sliding contact part
43 in each corner part of the rectangular shape comes
into slide contact with the holder sliding contact part 17
of the upward protruding part 12a in the horizontal deck
12.
[0032] As shown in Figure 3 as well, the first sandwich-
ing member 3a of each blank holder 3, which takes on a
generally elongated bar shape, is formed with a concave
groove 31a along the longitudinal direction in the upward
facing sandwiching surface 30a on the inner edge side
thereof; includes a plurality of engaging projections 32
and engaging pieces 33, which respectively protrude up-
wardly on the outside of the sandwiching surface 30a; is
formed with a screwing part 34 for the air cylinder 6 of
the holder support member 4, in the middle part in the
longitudinal direction and facing outwardly; and is further
formed with sloped sliding contact parts 35 which each
form a sloped surface facing obliquely downward and
vertical sliding contact parts 36 at a plurality of locations,
respectively, in the inner side surface. Thus, each en-
gaging projection 32 includes a sloped guiding part 32a
facing obliquely upwardly on the inner end side thereof,
and a vertical abutment part 32b which continues to the
lower end of the sloped guiding part 32a; and each en-
gaging projection 32 located at each end in the longitu-
dinal direction includes a positioning pin hole 301 in the
top surface thereof. It is noted that a plurality of circular
projections 302 as opposite-contact stoppers against the
second sandwiching member 3b are provided on the up-
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per surface of the first sandwiching member 3a.
[0033] Each first sandwiching member 3 a is supported
to be movable in inward and outward directions on the
flat plate part 4b of the holder support member 4 with
both longitudinal end parts being held via the holder hold-
ing parts 42 and 42, and is configured to be displaced
inwardly by the degenerating action of the air cylinder 6
by screwing the connecting plate 61 adhered to the tip
end of a piston rod 6a of the air cylinder 6 to the screwing
part 34 for connection. In this supporting situation, the
sloped sliding contact part 35 and the vertical sliding con-
tact part 36 of the first sandwiching member 3a are op-
posed to the sloped sliding contact part 13 and the vertical
sliding contact part 14 of the punch 11, respectively.
Moreover, it is arranged such that at an inward moving
limit of the first sandwiching member 3 a, both the vertical
sliding contact parts 36 and 14 abut each other as shown
in the left half of Figure 1, while at a raised position of
the first sandwiching member 3a, the sloped sliding con-
tact parts 35 and 13 are spaced apart. It is noted that the
sloped sliding contact part 13 of the punch 11 and the
sloped sliding contact part 35 of the first sandwiching
member 3a are arranged to have the same slope angle.
[0034] On the other hand, as shown in Figure 4 as well,
the second sandwiching member 3b of each blank holder
3 has a longitudinal section of a substantially inverted L-
shape and takes on an elongated bar shape having a
length corresponding to the first sandwiching member
3b, in which the lower end of the suspended part on the
inner edge side makes up a downward facing sandwich-
ing surface 30b, and a bead 31b along the longitudinal
direction is formed in the sandwiching surface 30b. Fur-
ther, the second sandwiching part 3b includes an engag-
ing convex part 37 which makes up a sloped guiding part
37b facing obliquely downwardly and a vertical abutment
part 37b which continues to the upper end thereof at a
plurality of locations in the longitudinal direction on the
outer surface side of the suspended part, and is formed
with a concave recessed part 38 in the vertical direction.
Further, a die opposite-contact part 39 having a rectan-
gular convex surface shape is formed at a plurality of
locations in the longitudinal direction on the inner surface
side of the suspended part. Moreover, the base part of
the second sandwiching member 3b is configured to be
gently sloped such that the upper surface becomes high-
er toward the outside, and have positioning pins 303 pro-
jected downwardly at both ends thereof. Reference
number 304 denotes a circular projection as an opposite
contact stopper against the first sandwiching member
3a, and 305 denotes a fall-preventing safety pin for the
die-side metal mold 2.
[0035] Each second sandwiching member 3b is sup-
ported to be movable in inward and outward directions
with both the longitudinal end parts being held on the
lower surface side of the sloped deck 22 of the die-side
metal mold 2 via the holder holding parts 25 and 25. Thus,
it is arranged such that in the supporting state of the sec-
ond sandwiching member 3b, the upper surface side of

the base part is in sliding contact with the lower surface
of the sloped deck 22 via a slide plate 5, and at an inward
moving limit, the die opposite-contact part 39 abuts the
holder opposite-contact part 23 on the die 21 side.
[0036] Moreover, each blank holder 3 is arranged such
that when the first and second sandwiching members 3
a and 3b are both at the inward moving limit, the sand-
wiching surfaces 30a and 30a of both the sandwiching
members 3a and 3b are vertically opposed to each other,
and the bead 31b of the second sandwiching member 3
can be fitted into the concave groove 31a of the first sand-
wiching member 3a, and in such fitted situation, the ver-
tical abutment parts 32b and 37b of both the sandwiching
members 3a and 3b abut each other, the positioning pin
303 of the second sandwiching member 3 is inserted into
the positioning pin hole 301 of the first sandwiching mem-
ber 3a, and further the engaging piece 33 of the first sand-
wiching member 3a is fitted into the concave recessed
part 38 of the second sandwiching member 3.
[0037] To press stamp the sheet shaped workpiece P1
made of a thin metal sheet by the press forming device
of the above described configuration, first, as shown in
the left half in Figure 1, the die 21 moves upwardly apart
from the punch 11, and in a state in which the first sand-
wiching member 3 a and the second sandwiching mem-
ber 3b of each blank holder 3 are vertically spaced apart,
the sheet shaped workpiece P1 is disposed horizontally
such that the peripheral part thereof is supported on the
sandwiching surface 30a of each first sandwiching mem-
ber 3a in the four blank holders 3. At this moment, each
first sandwiching member 31 is located at a upper limit
position in the inward moving limit, and in a state in which
the vertical sliding contact part 35 is in contact with the
vertical sliding contact part 13 of the punch 11, the sand-
wiching surface 30a is disposed at a position higher than
the top end of the forming surface 10 of the punch 11.
Moreover, the second sandwiching member 3b is raised
as one body with the die 21 and is on standby in a state
in which the sandwiching surface 30b thereof is disposed
outside a position to face the sandwiching surface 30a
of the first sandwiching member 3 a.
[0038] From the above described standby state, as
shown in Figure 5(a), the die-side metal mold 2 is moved
down as shown by an arrow a1 so that the second sand-
wiching member 3b of the blank holder 3 as well moves
down as one body with the die 21. In the course of the
down movement, as shown in Figure 5(b), the sloped
guiding part 37a of the second sandwiching member 3b
abuts the sloped guiding part 32a of the first sandwiching
member 3a, and due to the slope guiding effect thereof,
the second sandwiching member 3b is displaced inward-
ly as shown by an arrow a2. Next, as shown in Figure
6(a), the vertical abutment parts 32b and 37b of both the
sandwiching members 3a and 3b come into contact with
each other, and in this step, the positioning pin 303 of
the second sandwiching member 3 fits into the position-
ing pin hole 301 of the first sandwiching member 3 a
which has become concentric therewith; and the die op-
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posite-contact part 39 of the second sandwiching mem-
ber 3b comes into contact with the holder opposite-con-
tact part 23 of the die 21 side so that the second sand-
wiching member 3b is accurately positioned with respect
to the first sandwiching member 3a.
[0039] Therefore, as a result of the second sandwich-
ing member 3b moving down together with the die 21,
the peripheral part of the sheet shaped workpiece P1 is
gripped between the sandwiching surfaces 30a and 30b
of both the sandwiching members 3a and 3b, and the
bead 31 b gets meshed with the concave groove 31a so
that a groove shape G is formed in the peripheral part of
the sheet shaped workpiece P1. Thus, while the sheet
shaped workpiece P1 is constrained at its peripheral part
by the blank holder 3, the constraining force is carried by
a biasing resilience (cushion pad force) in the press axis
direction of the cushion pin 41 supporting the first sand-
wiching member 3a via the holder support member 4.
[0040] When the die 21 further moves down, as shown
in Figure 7(a), the downward moving force causes the
entire blank holder 3 to move down as one body with the
die 21 as shown by an arrow a3 with the vertical sliding
contact part 36 being in sliding contact with the vertical
sliding contact part 14 of the punch 11, and the sheet
shaped workpiece P1 constrained by the blank holder 3
comes into contact with the forming surface 10 of the
punch 11, and next becomes fittingly superimposed on
substantially the whole of the forming surface 10 while
being elongated so that a three-dimensional shape of the
forming surface 10 except the concave part 10a is faith-
fully transferred to the sheet shaped workpiece P1. Then,
as shown in Figure 7(b), in a step in which the sheet
shaped workpiece P1 comes to be superimposed up to
the vicinity of the peripheral edge part 10b of the forming
surface 10 of the punch 11, the sloped sliding contact
part 35 of the first sandwiching member 3a of the blank
holder 3 abuts the sloped sliding contact part 13 of the
punch 11.
[0041] Next, as the die 21 keeps moving down, as
shown in Figure 8(a), due to the slope guiding effect by
the sliding contact between the sloped sliding contact
parts 13 and 35, the blank holder 3 is displaced in the
outward direction departing from the press forming part,
that is, the direction of an arrow a4, while it moves down.
Along with the outward displacement, the sheet shaped
workpiece P1 which is constrained by the blank holder 3
at the peripheral part is drawn out outwardly to be ex-
panded exhibiting desired drawing action, and as a result
of the forming surface 20 of the die 21 which moves down
coming into pressure contact with the sheet shaped work-
piece P1 in a final step, the sheet shaped workpiece P1
is pressed between the punch 11 and the die 21 thereby
being formed into a press stamping product P having a
predetermined forming shape including a concave part.
It is noted that in this expansion process, the first sand-
wiching member 3 a of the blank holder 3 is displaced
obliquely downwardly as shown by an arrow a5 in such
a manner of sliding outwardly via the slide plate 5 on the

horizontal part 4b of the holder support member 4 while
pressing down the holder support member 4 against the
biasing of the cushion pin 41. On the other hand, while
the second sandwiching member 32 keeps on being dis-
placed in the outward direction in one body with the first
sandwiching member 31, since it is in sliding contact with
the sloped deck 22 facing obliquely upwardly on the die
21 side via the slide plate 5, it will be displaced outwardly
while relatively moving up as shown by an arrow a6 with
respect to the die 21 which moves down. Moreover, the
air cylinder 6 is arranged to be free for expansion and
contraction in the pressing process, and the piston rod
6a extends along with the outward displacement of the
second sandwiching member 32.
[0042] After the end of this press forming, as shown in
figure 8(b), when the die-side metal mold 2 is moved
upwardly as shown by an arrow a7, the blank holder 3
will also move up as shown by an arrow a8 as one body
with the holder support member 4 under the influence of
a biasing resilience of the cushion pin 41 while holding
the press stamping product P. Then, as shown in Figure
9(a), even if the first sandwiching member 3a of the blank
holder 3 stops at a rising limit by the biasing resilience
of the cushion pin 41, since the second sandwiching
member 3b moves up as shown by an arrow a9 as one
body with the die 21, both the sandwiching members 3a
and 3b are detached upwardly and downwardly so that
the press stamping product P lying on the first sandwich-
ing member 3a can be taken out. In the step after the
press stamping product P is taken out, both the sand-
wiching members 3a and 3b of the blank holder 3 are
disposed at an outward position apart from the press
forming part.
[0043] Next, both the sandwiching members 3 a and
3b of the blank holder 3 need to be returned to an initial
position close to the press forming part to grip and con-
strain the peripheral part of the sheet shaped workpiece
P1 at an appropriate position as a preparation for per-
forming next press forming. Therefore, as shown in Fig-
ure 9(b), by actuating the air cylinder 6 to contract, the
first sandwiching member 3a is displaced by sliding in-
wardly on the holder support member 4, so as to be re-
turned to the initial position at which the vertical sliding
contact part 36 abuts the vertical sliding contact part 14
of the punch 11 side as shown in the left half of Figure
1. On the other hand, as for the second sandwiching
member 3b, even if positioned at an outward position, as
described above, while the die-side metal mold 2 down-
wardly moves at the start of forming, as a result of the
sliding contact of the sloped guiding part 37a with the
sloped guiding part 32a of the first sandwiching member
3a, the second sandwiching member 3b is automatically
displaced inwardly by the slope guiding effect, returning
to the initial position at which the bead 31b is accurately
opposed to the concave groove 31a of the first sandwich-
ing member 3 a.
[0044] In the press forming according to the press
forming device of the above described first embodiment,
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since firstly each blank holder 3 is displaced along the
press axis direction to cause the sheet shaped workpiece
P1 to be superimposed on the forming surface 10 of the
punch 11 in a process from when the sheet shaped work-
piece P1 which is constrained at the peripheral part by
the blank holder 3 comes into contact with the forming
surface 10 of the punch 11 until when the workpiece is
pressed between the punch 11 and the die 21, in this
step, the sheet shaped workpiece P1 comes to fit with
substantially the whole of the forming surface 10 of the
punch 11 almost without decreasing the permissible
amount of forming so that a three-dimensional shape of
the forming surface 10 except the concave part 10a is
transferred to the sheet shaped workpiece P1. Next, by
displacing the blank holder 3 obliquely downwardly in an
outward direction to expand the sheet shaped workpiece
P1, it is possible to cause a smooth material movement
from the middle side to the peripheral side at low resist-
ance in the peripheral edge part 10b of the forming sur-
face 10. Therefore, by arranging the sandwiching posi-
tion of the sheet shaped workpiece P1 by the blank holder
3... at a position close to the peripheral edge part 10b of
the forming surface 10 of the punch 11, it is possible to
significantly reduce the width of the sacrifice drawing cor-
responding part B1 in the sheet shaped workpiece P1,
thereby significantly improving the material yield, and im-
parting high tensile stiffness to the press stamping prod-
uct P, and further, even if strain due to excessive amount
of material occurs in a portion having small actual cross-
sectional length due to a concavity and convexity of the
forming surface 10, the excess material of the strained
portion is effectively withdrawn to the peripheral side by
the material movement in the expansion process, thereby
getting rid of the strain.
[0045] Furthermore, since each blank holder 3 is dis-
placed along the press axis direction to make the press
stamping product P disengaged from the forming surface
10 of the punch 11 after the end of forming, and after
both the sandwiching members 3a and 3b of the blank
holder 3 are detached to take out the press stamping
product P, and thereafter both the sandwiching members
3a and 3b which have been detached are displaced in-
wardly to be returned to the initial position before con-
straining of the sheet shaped workpiece P1; the press
stamping product P maintains its formed shape at the
time of expansion until it is separated from the forming
surface 10 of the punch 11 and is freed from the constraint
by the blank holder 3... so that the deformation of the
press stamping product P is prevented. That is, if there
is a movement to return to the inward direction by an
accumulated force of the return spring, etc. with both the
sandwiching members 3a and 3b of the blank holder 3
constraining the peripheral part of the press stamping
product P, the press stamping product P cannot maintain
the formed shape at the time of expansion, and will be
deformed.
[0046] Moreover, since the blank holder 3 moves down
along the press axis direction as one body with the die

21 moving downward, in the process from when the pe-
ripheral part of the sheet shaped workpiece P 1 is con-
strained until when the sheet shaped workpiece P 1 is
superimposed on the forming surface 10 of the punch
11, and also, in the process until the end of forming, is
displaced outwardly making use of sliding at the sloped
sliding contact parts 13 and 35 by the actuating force of
the die 21, there is no need of a separate driving mech-
anism for that displacement, making it possible to con-
figure the press forming device simply in functionality,
and besides there are advantageous effects in that se-
cure and stable operability and excellent durability can
be obtained under a large press pressure.
[0047] Further, since a far and near moving direction
of the second sandwiching member 3b of the blank holder
3 with respect to the die 21 side is inclined with respect
to the plane orthogonal to the press axis direction so as
to be further spaced apart from the punch 11 side at a
larger distance, it is possible to inhibit the movement of
the second sandwiching member 3b to approach the die
21 side during forming. Moreover, when the actuating
force of the die 21 is converted into a displacement force
toward the outward direction of the blank holder 3 by a
sloped guidance, while it is desirable to increase the set-
ting angle to hold the blank holder 3 by the punch 11 and
the die 21 to facilitate the outward displacement of the
blank holder 3, since the angle fraction for the punch 11
side can be decreased by the part of the slope in the
above described moving direction of the second sand-
wiching member 3b, there is also an advantageous effect
in that even if a large setting angle is secured, the per-
missible range of the slope angle of the sloped sliding
contact parts 13 and 35 increases, thus increasing the
degree of freedom of design, and making it easy to cope
with the material and thickness of the sheet shaped work-
piece P1, and required properties of the press stamping
product.
[0048] Next, a press device relating to a second em-
bodiment of the present invention will be described. In
the press device of the second embodiment, although a
plurality of stoppers 7... having a square convex surface
shown by an imaginary line are provided on the horizontal
deck 12 of the punch-side metal mold 1 shown in Figure
2, all other configurations are the same as those of the
press device of the first embodiment which have been
described. Therefore, in the second embodiment, each
component other than the stopper 7 is given the like ref-
erence characters, thereby omitting description thereof.
[0049] In the press forming by the press forming device
of the second embodiment, as in the first embodiment,
the peripheral part of the sheet shaped workpiece P1 is
gripped and thereby constrained between both sand-
wiching members 3 a and 3b of each blank holder 3, and
each blank holder 3 is moved down as the die-side metal
mold 2 moves down, so that first the sheet shaped work-
piece P1 comes into contact with the forming surface 10
of the punch 11, and then is superimposed on the whole
of the forming surface 10 so as to fit thereto while being
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elongated (see Figure 7). Then, in a step in which the
sheet shaped workpiece P1 is superimposed up to the
vicinity of the peripheral edge part 10b of the forming
surface 10 of the punch 11, a sloped sliding contact part
35 of the first sandwiching member 3a of each blank hold-
er 3 comes into abutment with a sloped sliding contact
part 13 of the punch 11, next, as a result of down move-
ment of the die-side metal mold 2, due to a slope guiding
effect associated with the sliding contact between the
sloped sliding contact parts 13 and 35, each blank holder
3 is displaced obliquely downwardly in an outward direc-
tion, and the sheet shaped workpiece P 1 is pulled out
outwardly to be expanded associated with the outward
displacement.
[0050] In a process in which each blank holder 3 is
displaced obliquely downwardly in an outward direction,
the holder support member 4 moves down as well against
the biasing of the cushion pins 41..., but each blank holder
3 will be relatively displaced in the horizontal direction
with respect to the holder support member 4 since the
holder support member 4 is only allowed to move up and
down. However, in the present second embodiment, as
shown in Figure 10(a), it is arranged such that in a step
immediately before the die 21 comes into pressure con-
tact with the sheet shaped workpiece P1, the holder sup-
port member 4 comes to abut the stopper 7 located on
the horizontal deck 12 of the punch-side metal mold 1,
thereby stopping the die 21 from moving down. There-
fore, each blank holder 3 which being displaced obliquely
downwardly in an outward direction is instantaneously
displaced outwardly in the horizontal direction by inertial
force, and immediately thereafter, the sheet shaped
workpiece P 1 is press formed between the die 21 and
the punch 11 associated with the stopping of the holder
support member 4 as shown in Figure 10(b).
[0051] In the press forming of the second embodiment,
first the blank holder 3 is displaced obliquely downwardly
in an outward direction with respect to the press axis
direction, thereby allowing sufficient drawing effect to be
exhibited as in the case of the above described first em-
bodiment, and besides, since the blank holder 3 is dis-
placed outwardly and horizontally, the tension angle be-
comes shallow in the last stage of expansion so that the
resistance to material movement in the peripheral edge
part 10b of the forming surface 10 of the punch 11 de-
creases, and thus internal strain of the sheet shaped
workpiece P1 is effectively reduced by the facilitation of
the material movement, making it possible to stably ob-
tain a high quality press stamping product P having a
higher dimensional accuracy and a high tensile stiffness.
Furthermore, in the present second embodiment, since
the above described displacement in the obliquely out-
ward direction is performed by the sloped guidance effect
associated with sliding contact between the sloped slid-
ing contact parts 35 and 13 on the first sandwiching mem-
ber 3a side and on the punch 11 side, and the next dis-
placement in the direction orthogonal to the press axis
direction is performed by the inertial force associated with

the stopping of the movement of the holder support mem-
ber 4, there are advantageous effects that the structure
for producing both displacements is significantly simpli-
fied, and a high operating reliability is obtained.
[0052] The diagram of Figure 11 shows displacement
cycles of the blank holder 3 in the above described first
and second embodiments, in which lines A1 and A2 on
the lower side represent the motion of the first sandwich-
ing member 3a, and lines B1 and B2 on the upper side
represent relative motion of the second sandwiching
member 3b with respect to the die 21, the lines A1 and
B1 corresponding to the first embodiment, and the lines
A2 and B2 corresponding to the second embodiment.
[0053] That is, as shown by the line A1 in the case of
the first embodiment, the first sandwiching member 3 a
moves down from an initial position S1 for standby before
the constraint of the sheet shaped workpiece P1, the con-
strained sheet shaped workpiece P1 is displaced ob-
liquely downwardly and outwardly from a position S2 in
which the sheet shaped workpiece P1 is substantially
superimposed on the forming surface of the punch 11,
the die 21 moves up from a position S3 at which the die
21 comes into contact with the punch 11, and is displaced
inwardly from a position S4, which is a rising limit, to
return to the initial position S1, thus tracing a displace-
ment cycle of four strokes. In contrast to this, as shown
by the line A2 in the case of the second embodiment, the
first sandwiching member 3a moves down from the initial
position S1; is displaced obliquely downwardly and out-
wardly from the position S2 in the same fashion, but it is
displaced horizontally and outwardly from a position S5
immediately before the die 21 comes into contact with
the punch 11; moves up from a position S6 where the
die 21 and the punch 11 come into contact; is displaced
inwardly from the rising limit position S7, thereafter re-
turning to the initial position S1; thus tracing a displace-
ment cycle of 5 strokes. On the other hand, the relative
displacement of the second sandwiching member 3b with
respect to the die 21 will trace a linear reciprocal dis-
placement cycle along each direction of slope between
an initial position T1 for standby before the constraint of
the sheet shaped workpiece P1 and an outward position
T2 corresponding to the position S4 of the first sandwich-
ing member 3 a side in the first embodiment, and between
the initial position T1 and an outward position T3 corre-
sponding to the position S7 on the first sandwiching mem-
ber 3 a side in the second embodiment.
[0054] Here, the interval from the position S2 to the
position S3 represents the expansion direction and ex-
pansion amount of the sheet shaped workpiece P1 in the
process in which the first sandwiching member 3 a is
displaced obliquely downwardly and outwardly in the first
embodiment. In contrast to this, in the second embodi-
ment, it is seen that although the first sandwiching mem-
ber 3a is displaced obliquely downwardly and outwardly
from the position S2 as with the first embodiment, since
the direction of displacement is converted to a horizontal
direction from the position S5 which is before the position
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S3, the expansion direction of the sheet shaped work-
piece P1 is changed to a gentler slope having an angle
which is reduced by an angle of α as shown by the line
C, and the expansion amount becomes larger than in the
first embodiment. It is noted that the height difference h1
between the positions S3 and S6 equals to the height
difference h2 between the positions T2 and T3.
[0055] Although the outward displacement direction of
the first sandwiching member 3a (blank holder 3) during
the expansion of the plate shaped workpiece P1 is not
specifically limited, it is recommended that an angle θ1
with respect to the press axis direction Y shown in the
Figure be in a range of 20 to 70°. That is, letting the
expansion direction of the sheet shaped workpiece P1
be the direction of slope within the above described angle
range makes it possible to reduce the resistance to ma-
terial movement near the peripheral edge part 10b of the
forming surface 10 of the punch 11, thereby enhancing
the degree of expansion, and allowing sufficient drawing
effect to be exhibited so that it is possible to impart a
good tensile stiffness to the product part A of the press
stamping product P.
[0056] On the other hand, as for the direction of the
relative displacement of the second sandwiching mem-
ber 3b with respect to the die 21, the angle θ2 with respect
to the direction normal to the press direction Y shown in
the figure (horizontal direction X in the example) is pref-
erably in a range of 1 to 10° with reference to the die 21.
When the angle θ2 is too small, it becomes difficult to
securely prevent the motion of the second sandwiching
member 3b to move toward the die 21 side during form-
ing. On the contrary, when the angle θ2 is too large, the
outward component force of the press actuating force
applied to the second sandwiching member 3b from the
die 21 becomes excessively large, and the sandwiching
force of the sheet shaped workpiece P1 by the blank
holder 3 becomes insufficient.
[0057] It is noted that as inward displacement means
for returning both the sandwiching members 3a and 3b
of each blank holder 3 to the initial position after taking
out the press stamping product P, a power mechanism
for inward displacement such as an air cylinder may be
provided in each of both the sandwiching members. How-
ever, as with the embodiments, adopting a method of
inwardly displacing only the first sandwiching member 3
a with a power mechanism, and inwardly displacing the
second sandwiching member 3b by a slope guiding effect
which utilizes the action of the die 21 in the press direction
will make the device configuration simple and functional.
It is noted that as the power mechanism for inward dis-
placement, a fluid pressure cylinder including oil pres-
sure, and a cam mechanism and crank mechanism driv-
en by a motor, and the like may be adopted.
[0058] Moreover, although both the detached sand-
wiching members 3 a and 3b of each blank holder 3 after
the end of forming are supposed to be returned to the
initial position after the press stamping product P is taken
out in the above described press forming example, they

can also be returned to the initial position before the press
stamping product is taken out in the present invention.
That is, although, in a state in which both the sandwiching
members 3a and 3b of the blank holder 3 are detached,
the press stamping product P is placed on one of them
in such a manner as being supported at the peripheral
part thereof, since the peripheral part is under a non-
constraint condition, even if the supporting sandwiching
member returns to the initial position, only the peripheral
part is deviated on the sandwiching member without re-
sulting in deformation of the press stamping product P
itself. Therefore, for example, in the press forming devic-
es of the first and second embodiments, when both the
sandwiching members 3a and 3b of each blank holder 3
are detached upwardly and downwardly after the end of
forming, the press stamping product P will be placed on
the first sandwiching member 3a, and even if the first
sandwiching member 3a is inwardly displaced by an air
cylinder 6 as is, only the groove shape G of the peripheral
part of the press stamping product P will be deviated from
the concave groove 31a of the first sandwiching member
3 a so that the press stamping product P may be taken
out before the second sandwiching member 3b is re-
turned to the initial position by the actuation of the die 2
side.
[0059] In the press forming method and press forming
device of the present invention, besides the configuration
in which the punch 11 is a stationary lower mold and the
die 21 is a movable upper mold as in the embodiments,
it is possible to adopt other configurations such as one
in which the top and bottom relationship between the
punch 11 and the die 21 is reversed from that in the em-
bodiments, one in which the punch 11 moves as a mov-
able type, and one in which the press axis direction is
oblique or sideways. Further, as for outward displace-
ment means for displacing the blank holder 3 outwardly
departing from the press forming part, it is possible to
adopt, without being limited to the slope guiding scheme
by the sliding contact between the sloped sliding contact
parts 13 and 35 on the punch 11 side and the blank holder
3 side exemplified by the embodiments, a slope guiding
system based on rolling contact between a sloped guid-
ing part on one side and a roller on other side, a slope
guiding system via a wedge-shaped slider, a displace-
ment mechanism utilizing a cam, a crank, a guide rail, a
universal joint, etc., various displacement mechanisms
for converting the motion in the press direction of a mov-
able press mold into a direction departing from the punch
11, and systems for singly displacing the blank holder 3
such as by a hydraulic cylinder, etc.
[0060] It is noted that in the press forming of the present
invention, as described above, each blank holder 3 which
constrains a sheet shaped workpiece P1 is displaced
along a press axis direction Y to make the sheet shaped
workpiece P superimposed on the forming surface 10 of
the punch 11, and then the blank holder 3 is displaced
outwardly to make the sheet shaped workpiece P1 ex-
panded, in which the timing for switching the displace-
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ment direction does not require much exactness. That
is, the above described switching of the displacement
direction may be performed in a state in which the convex
shape of the punch 11 has been generally transferred to
the sheet shaped workpiece P1, and the expansion may
be started before the sheet shaped workpiece P1 covers
the forming surface 10 of the punch 1 to the peripheral
edge thereof.
[0061] Moreover, while the blank holder 3 is linearly
displaced in an obliquely outward direction in one stroke
after the sheet shaped workpiece P is superimposed on
the forming surface 10 of the punch 1 as described above,
the displacement in an obliquely outward direction may
be changed to multiple strokes with different oblique an-
gles, or the displacement may be curvilinear. For exam-
ple, when a slope guiding method by multiple strokes
with different oblique angles is adopted, the configuration
may be such that the sloped sliding contact part between
the punch 1 side and the blank holder 3 (first sandwiching
member 3a) side is made up of multiple stages and the
slope angle with respect to the press axis direction be-
comes larger in the later stages. On the other hand, when
a curvilinear displacement is adopted, the sliding contact
part may be made up of a curved surface.
[0062] Further, as for the blank holder 3, although four
of them corresponding to each side of the press forming
part having a rectangular shape in a plan view are used
in the embodiments, an appropriate number, not less
than 2, of holders may be adopted, for example, 3 holders
when the press forming part has a generally triangular
shape or circular shape in a plan view, a number corre-
sponding to each side in the case of a polygon not less
than 5 angles (pentagon), 2 holders facing each other in
the width direction when an elongated sheet shaped
workpiece P1 is expanded only in the width direction,
depending on the shapes of press forming part and re-
quired expansion directions. Moreover, as for the holder
support member 4 as well, instead of a ring-shaped unit
body surrounding the outside of the punch 11 as in the
embodiments, a plurality of mutually independent mem-
bers corresponding to each of one or more blank holders
3 may be used.
[0063] As for the form of constraint of the sheet shaped
workpiece P1 by both the sandwiching members 3 a and
3b of the blank holder 3, without being limited to a con-
figuration in which a groove shape G is formed in the
peripheral part of the sheet shaped workpiece P1 by the
meshing between the concave groove 31a and the bead
31b as in the embodiments, it is possible to adopt various
forms of constraint such as those of bending the periph-
eral part into an L-shape or a chevron shape and sand-
wiching it between both the sandwiching members 3a
and 3b. Besides, in the present invention, various design
modifications other than the embodiments can be made
on detailed configurations such as the shapes and struc-
tures of the punch 11 and the die 21, the forms of the
forming surfaces 10 and 20 thereof, and the like. Further,
the sheet shaped workpiece P1 addressed in the present

invention is not limited to the exemplified thin metal sheet,
but includes various materials, such as sheet materials
of thermoplastic resins such as polypropylene, polyvinyl
chloride, polyethylene terephthalate, polyacryl, etc., fiber
reinforced resin sheets such as FRP and laminated sheet
materials thereof, and resin laminated metal sheets.

Reference Signs List

[0064]

1 Punch-side metal mold
10 Forming surface (press forming part)
11 Punch
13 Sloped sliding contact part (outward displace-

ment means)
14 Vertical sliding contact part
2 Die-side metal mold
20 Forming surface (press forming part)
21 Die
3 Blank holder
3a First sandwiching member
3b Second sandwiching member
32a Sloped guiding part (inward displacement

means)
35 Sloped sliding contact part
36 Vertical sliding contact part
37a Sloped guiding part (inward displacement

means)
4 Holder support member
41 Cushion pin
6 Air cylinder (fluid pressure cylinder, inward dis-

placement means)
7 Stopper
P Press stamping product
P1 Sheet shaped workpiece

Claims

1. A press forming method of expanding a sheet
shaped workpiece by pulling the sheet shaped work-
piece from a peripheral side when pressing the sheet
shaped workpiece between a punch and a die while
constraining a peripheral part of the sheet shaped
workpiece with a plurality of mutually independent
blank holders, wherein:

as each blank holder, one made up of a pair of
sandwiching members which are oppositely po-
sitioned in a detachable manner and are adapt-
ed to grip the peripheral part of the sheet shaped
workpiece therebetween are used;
in a process from when the sheet shaped work-
piece constrained by the blank holder comes in-
to contact with a forming surface of the punch
until when the workpiece is pressed between
the punch and the die, at least two steps of dis-
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placement operation are performed in which
each blank holder is displaced along a press axis
direction to make the sheet shaped workpiece
superimposed on the forming surface of the
punch, and next is displaced in an outward di-
rection to expand the sheet shaped workpiece;
and
after end of pressing, each blank holder is dis-
placed along a counter press-axis direction to
cause a press stamping product to be disen-
gaged from the forming surface of the punch,
and further after both the sandwiching members
of the blank holder are detached, or the press
stamping product is taken out after the detach-
ment, both the sandwiching members are dis-
placed in an inward direction to be returned to
an initial position before constraining of the
sheet shaped workpiece.

2. The press forming method according to claim 1,
wherein
in the forming process by the action of the die side,
each blank holder is displaced along the press axis
direction as one body with the die from when con-
straining the peripheral part of the sheet shaped
workpiece until when the sheet shaped workpiece is
superimposed on the forming surface of the punch,
and then is displaced in the outward direction by the
actuating force of the die until the end of the forming.

3. The press forming method according to claim 1,
wherein the displacement operation in the process
from when the sheet shaped workpiece constrained
by the blank holder comes into contact with the form-
ing surface of the punch until when the workpiece is
pressed between the punch and the die, is performed
in three steps, in which each blank holder is dis-
placed along the press axis direction to make the
sheet shaped workpiece superimposed on the form-
ing surface of the punch; then, is displaced in ob-
liquely outward direction with respect to the press
axis direction; and further is displaced in an outward
direction orthogonal to the press axis direction to ex-
pand the sheet shaped workpiece.

4. A press forming device for expanding a sheet shaped
workpiece by pulling the sheet shaped workpiece
from the peripheral side when pressing the sheet
shaped workpiece between a punch and a die while
constraining a peripheral part of the sheet shaped
workpiece with a plurality of mutually independent
blank holders, wherein
the punch constitutes a stationary mold, and the die
constitutes a movable mold;
each blank holder is made up of a first and a second
sandwiching members which are oppositely dis-
posed and are adapted to grip the peripheral part of
the sheet shaped workpiece therebetween, in which

the first sandwiching member is held by a holder sup-
port member, which is elastically biased in the press
axis direction on the punch side, to be movable far
and near with respect to a press forming part, and
the second sandwiching member is held in the same
way on the die side;
the press forming device comprising outward dis-
placement means for displacing the each blank hold-
er in an outward direction by an actuation force in
the press axis direction of the die during forming
process, and inward displacement means for dis-
placing both the sandwiching members, which have
been detached, of each blank holder in an inward
direction to return the sandwiching members to an
initial position before constraining of the sheet
shaped workpiece after the end of forming;
in a process from when the peripheral part of the
sheet shaped workpiece is constrained between
both the sandwiching members of each blank holder
as the die approaches the punch upon forming, and
then the sheet shaped workpiece is pressed against
and superimposed on a forming surface of the punch
until when the sheet shaped workpiece is pressed
between the punch and the die, each blank holder
is displaced in the outward direction by the outward
displacement means to expand the sheet shaped
workpiece, and as the die is separated from the
punch after the end of forming, each blank holder is
displaced along with the die by resilient biasing of
the holder support member, then the second sand-
wiching member is displaced as one body with the
die and is detached with respect the first sandwiching
member which is stopped at a displacement limit,
and both the sandwiching members which have
been detached are returned to an initial position by
the inward displacement means.

5. The press forming device according to claim 4,
wherein
the inward displacement means comprises a fluid
pressure cylinder for moving the first sandwiching
member of the blank holder to the punch side, and
sloped guiding parts which are provided on the first
and second sandwiching members to be slidable
with each other, and is adapted to displace the sec-
ond locking member inwardly by a slope guiding ef-
fect which is obtained when the sloped guiding parts,
which are provided on the second locking member
held on the die side, and on the first sandwiching
member, come into sliding contact with each other
during action of the die in the press axis direction for
next press forming after the first sandwiching mem-
ber is moved inwardly by the fluid pressure cylinder.

6. The press forming device according to claim 4,
wherein
the outward displacement means displaces the
blank holder in an obliquely outward direction form-
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ing an angle of 20 to 70° with respect to the press
axis direction by a slope guiding effect associated
with sliding contact between sloped sliding contact
parts which are provided on the first sandwiching
member side of the blank holder and on the punch
side so as to face each other, and next displaces the
blank holder to an outward direction orthogonal to
the press axis direction by an inertial force of the
black holder generated when movement of the hold-
er support member in an anti-biasing direction is
stopped by a stopper.

7. The press forming device according to claim 4,
wherein
a far and near moving direction of the second sand-
wiching member of the blank holder with respect to
the die side is inclined by an angle in a range of 1 to
10° with respect to a plane orthogonal to the press
axis direction so as to be further spaced apart from
the punch side at a larger distance.
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