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(54) PRESS-MOLDING METHOD AND PRESS-MOLDED ARTICLE MANUFACTURING METHOD

(57) A press forming method and a press formed part
manufacturing method according to the present invention
correspond to a method of forming a press formed part
1, the press formed part 1 including: a top portion 3 having
a convex peripheral edge 3a having a whole of or part of
an outer peripheral edge curved outward in a convex
shape; a side wall portion 5 continuous to the top portion
3 via a punch shoulder R portion 23; and a flange portion
7 continuous to the side wall portion 5 via a die shoulder
R portion 25. The method includes: a first forming step

of forming a metal sheet into a preformed part 17; a sec-
ond forming step of forming the preformed part 17 formed
in the first forming step into the press formed part 1 having
a target shape. The first forming step performs forming
such that a bending radius of the die shoulder R portion
25 formed corresponding to at least the convex periph-
eral edge 3a of the top portion 3 of the preformed part
17 is larger than a bending radius of the die shoulder R
portion 25 of the press formed part 1 having the target
shape.
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Description

Field

[0001] The present invention relates to a press forming method and a press formed part manufacturing method, being
a method of forming a press formed part including a top portion, a side wall portion, and a flange portion. The present
invention relates particularly to a press forming method and a press formed part manufacturing method capable of
suppressing occurrence of wrinkles associated with shrink flange forming performed at formation of the press formed part.

Background

[0002] Along with the progress of improvement of collision safety of an automotive body due to tightening of automotive
collision safety standards, a weight reduction of automotive body is also required to achieve improved fuel efficiency
and electrification of vehicles (EV) in response to carbon dioxide emission regulations. In order to achieve both collision
safety improvement and weight reduction of the automotive body, application of high-strength steel sheets (also referred
to as high-tensile steel sheets) of 590 MPa class or higher to automotive body structural parts is in progress. The press
forming of a high-tensile steel sheet into automotive body structural parts has a problem of how wrinkles caused by
shrinkage flange forming can be suppressed.
[0003] For example, automotive parts include a part having a top portion, a side wall portion, and a flange portion,
such as an A pillar upper, an A pillar lower, and a bumper. In such a part, when a whole or a part of an outer peripheral
edge of the top portion is curved outward in a convex shape, the side wall portion and the flange portion of the portion
might be subjected to shrink flange forming during press forming, leading to occurrence of wrinkles at the end of the
flange portion. In the case of a high-tensile steel sheet in particular, buckling is likely to occur due to an increase in
strength, increasing probability of occurrence of wrinkles.
[0004] To handle this, Patent Literature 1 describes a press forming method of suppressing wrinkles, specifically,
when forming a press formed part that includes a top portion and a slanted wall continuous with at least one side of the
top portion and having no flange at its distal end and in which the entire or a part of the slanted wall is curved in a convex
shape toward the slanted wall in a longitudinal direction of the press formed part in a planar view, the suppression of
wrinkles is performed by a concave die and a convex punch. More specifically, this method uses procedures in which
the portion on a position near the end of the portion corresponding to a slanted wall in the blank sheet is clamped between
the die and the punch in the middle of forming, and the slanted wall is formed in a state where the portion near the end
is clamped, thereby preventing buckling of the blank sheet in the thickness direction so as to suppress wrinkles occurring
in the slanted wall.
[0005] In addition, Patent Literature 2 describes a method of manufacturing a press formed part in which wrinkles are
suppressed when a metal sheet is press formed into a product shape, that is, a shape having a hat-shaped cross section
in which a top portion and a flange portion are continuous in a width direction via a side wall and having a curved portion
in which the top portion and the flange portion are curved in a convex shape toward the top portion in a longitudinal
direction. Specifically, the method includes a stepped drawing step, being a step of setting a blank holder region that
holds the metal sheet with a blank holder on an outer peripheral portion of a flange portion position and performing
forming with stepped drawing. When forming is performed by the stepped drawing, an additional region of pressing with
a blank holder is also set at a partial portion of the flange portion position, thereby suppressing wrinkles occurring in the
flange portion.

Citation List

Patent Literature

[0006]

Patent Literature 1: JP 2016-221558 A
Patent Literature 2: JP 2018-034176 A

Summary

Technical Problem

[0007] However, the press forming method described in Patent Literature 1 performs forming of the slanted wall in a
state where a portion of the blank sheet closer to the end with respect to a portion corresponding to the slanted wall is
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clamped between the die and the punch, making it necessary, in the next step, to trim the portion clamped between the
die and the punch. Furthermore, the press forming method described in Patent Literature 1 has a problem that the
method is not applicable to the forming of a press formed part having a flange portion continuous with a side wall portion
(slanted wall).
[0008] In this respect, the press formed part manufacturing method described in Patent Literature 2 is applicable to
the forming of a press formed part having a flange portion, but since this method uses a blank holder, and thus has a
problem that the technique is not applicable to press forming by bending (crash forming).
[0009] The present invention has been made to solve the above problems, and aims to provide a press forming method
and a press formed part manufacturing method capable of sufficiently suppress wrinkles on a flange portion caused by
shrink flange forming and that is also applicable to bending, without requiring a trimming step after press forming.

Solution to Problem

[0010] To solve the problem and achieve the object, a press forming method according to the present invention is the
press forming method of forming a press formed part, the press formed part including: a top portion having a convex
peripheral edge having a whole of or part of an outer peripheral edge curved outward in a convex shape; a side wall
portion continuous to the top portion via a punch shoulder R portion; and a flange portion continuous to the side wall
portion via a die shoulder R portion. The press forming method includes: a first forming step of forming a metal sheet
into a preformed part; and a second forming step of forming the preformed part formed in the first forming step into the
press formed part having a target shape, wherein the first forming step performs forming such that a bending radius of
the die shoulder R portion formed corresponding to at least the convex peripheral edge of the top portion of the preformed
part is larger than a bending radius of the die shoulder R portion of the press formed part having the target shape.
[0011] Moreover, the first forming step may apply drawing or bending, and the second forming step may apply bending.
[0012] Moreover, the metal sheet may be a steel sheet having a tensile strength of 590 MPa or more.
[0013] Moreover, a press formed part manufacturing method according to the present invention is the method of
manufacturing a press formed part, the press formed part including: a top portion having a convex peripheral edge having
a whole of or part of an outer peripheral edge curved outward in a convex shape; a side wall portion continuous to the
top portion via a punch shoulder R portion; and a flange portion continuous to the side wall portion via a die shoulder R
portion. The method includes: a first forming step of forming a metal sheet into a preformed part; and a second forming
step of forming the preformed part formed in the first forming step into the press formed part having a target shape,
wherein the first forming step performs forming such that a bending radius of the die shoulder R portion formed corre-
sponding to at least the convex peripheral edge of the top portion of the preformed part is larger than a bending radius
of the die shoulder R portion of the press formed part having the target shape.

Advantageous Effects of Invention

[0014] The present invention includes: a first forming step of forming a metal sheet into a preformed part; and a second
forming step of forming the preformed part into a press formed part having a target shape. In the first forming step, the
preformed part is formed so that the bending radius of the die shoulder R portion is larger than the bending radius of
the die shoulder R portion of the press formed part having a target shape, making it possible to suppress wrinkles on
the flange portion caused by the shrink flange forming. With this method, it is possible to obtain a press formed part
having a satisfactory shape without wrinkles, leading to an improvement in yield ratio in press forming. In addition, since
there is no need to clamp the end of the blank with the punch and the die, the conventional trimming step is not necessarily
needed. Furthermore, since no blank holder is required, the method is also applicable to bending.

Brief Description of Drawings

[0015]

FIG. 1 is a view illustrating a press forming method according to an embodiment of the present invention.
FIG. 2 is a view illustrating a part (target shape) as an application target in the embodiment, in which FIG. 2(a) is a
perspective view, and FIG. 2(b) is a plan view.
FIG. 3 includes a view (FIG. 3(a)) illustrating a state of a bottom dead center when a target shape is formed by a
method according to a conventional example, and a view (FIG. 3(b)) illustrating a state of a bottom dead center
when the preformed part is formed in the first forming step of the embodiment.
FIG. 4 is a plan view illustrating overlapping outer peripheral lines of a bottom dead center when a target shape is
formed in FIG. 3(a) and a bottom dead center when a preformed part is formed in FIG. 3(b) in planar view.
FIG. 5 is a view illustrating a second forming step according to the embodiment.
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FIG. 6 is a diagram illustrating a thickness increase rate distribution of the preformed part that has been press formed
in the first forming step.
FIG. 7 is a diagram illustrating a thickness increase rate distribution of a press formed part that has been press
formed into a target shape in the second forming step.
FIG. 8 is a view comparing the thickness increase rate distribution of the preformed part in FIG. 6 with the thickness
increase rate distribution of the press formed part that has been press formed into the target shape in FIG. 7.
FIG. 9 is a view illustrating a problem in a case where the part illustrated in FIG. 2 is press formed by a method of
a conventional example.

Description of Embodiments

[0016] A press formed part as an application target of the press forming method according to the present embodiment
will be described with reference to FIG. 2. FIG. 2 illustrates a portion of a press formed part. A press formed part 1
illustrated in FIG. 2 includes a top portion 3, a side wall portion 5, and a flange portion 7, and has a portion (hereinafter,
referred to as a "convex peripheral edge 3a") in which an outer peripheral edge of the top portion 3 is partially curved
outward in a convex shape. The boundary between the convex peripheral edge 3a and the other portions is defined as
a position up to a curved end of the convex peripheral edge 3a in a planar view of the top portion 3, for example. In
addition, the boundary portion between the top portion 3 and the side wall portion 5 has a rounded (R) shape corresponding
to the shape of the shoulder portion of the punch used for the press forming. Accordingly, when simply described as a
"punch shoulder R portion" in the present specification, the portion refers to the portion on the press formed part 1 side.
Similarly, since the boundary portion between the side wall portion 5 and the flange portion 7 has an R shape corresponding
to the shape of the shoulder portion of the die, when simply described as "die shoulder R portion", the portion refers to
the portion on the press formed part 1 side. These portions will be described in detail below.
[0017] First, before describing the press forming method according to the present embodiment, problems in the case
of press forming the press formed part 1 as illustrated in FIG. 2 by a conventional method will be described with reference
to FIG. 9. FIG. 9 is a result of FEM analysis on a case where the press formed part 1 is press formed by a conventional
method, in which distribution of the thickness increase rate is indicated by a shade of color. The thickness increase rate
is represented by a rate (ratio) of the thickness of the press formed part after press forming to the thickness of the blank
before the press forming obtained from their difference (thickness increment), and the larger the value, the higher the
rate of increase in the sheet thickness.
[0018] When press forming is performed to obtain the press formed part 1 as illustrated in FIG. 2, the forming of the
side wall portion 5 and the flange portion 7 corresponding to the convex peripheral edge 3a of the top portion 3 corresponds
to shrink flange forming, which concentrates the material and wrinkles are likely to occur. In the example of FIG. 9, the
sheet thickness increased the most at the end of the flange portion 7 indicated by the arrow in the drawing, where the
maximum sheet thickness increase rate was +12.5%. In this manner, a local increase of the sheet thickness causes
occurrence of wrinkles in the corresponding portion, which has been a problem. Therefore, conventionally, a means of
preventing buckling in the thickness direction by utilizing a blank holder for the flange portion 7 has been used, but this
means has not been sufficiently effective. In addition, use of a blank holder leads to drawing, which has caused a problem
that bending cannot be applied.
[0019] In view of this, the press forming method of the present embodiment is provided to enable application of bending
while reducing the occurrence of wrinkles in the flange portion 7 as compared with the conventional technology.
[0020] Specifically, the press forming method according to the present embodiment is a method of forming the press
formed part 1 as illustrated in an example in FIG. 2, the press formed part 1 including: the top portion 3 having the convex
peripheral edge 3a in which a portion of the outer peripheral edge is curved outward in a convex shape; the side wall
portion 5 continuing to the top portion 3 via the punch shoulder R portion; and the flange portion 7 continuing to the side
wall portion 5 via the die shoulder R portion. As illustrated in FIG. 1, the press forming method according to the present
embodiment includes: a first forming step of forming a blank 13 being a metal sheet into a preformed part 17; and a
second forming step of forming the preformed part 17 into the press formed part 1 having a target shape. FIG. 1 illustrates
a state before forming of a portion corresponding to the A-A’ cross section of FIG. 2(b) in each step. The press formed
part 1 is manufactured by executing the press forming method, and thus, the invention of the press forming method can
also be the invention of a press formed part manufacturing method. Therefore, the embodiment of the press forming
method described below is common to the embodiment of the press formed part manufacturing method. Hereinafter,
each step will be described in detail.

<First forming step>

[0021] The first forming step is a step of press forming the blank 13, which is a metal sheet, into a preformed part 17
described below. In the preformed part 17 formed in the first forming step, the shape of the die shoulder R portion at a
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boundary portion between the side wall portion 5 and the flange portion 7 formed by the shrink flange forming is different
from the target shape. This point will be specifically described below.
[0022] In the first forming step, as illustrated in FIG. 1(a), a die 15 is moved relative to a punch 9 in a state where a
part of the blank 13 is clamped between the upper surface of the punch 9 and a pad 11, thereby forming the preformed
part 17. The forming surface of the die 15 has a shape corresponding to the target shape except for a shoulder portion
15a, but a curvature radius R1 of the shoulder portion 15a is larger than a curvature radius R0 of a shoulder portion 21a
of the die 21 (R0 < R1) for which the target shape is to be formed in the second forming step.
[0023] The shape of the preformed part 17 according to the present invention when the first forming step is performed
using a set of mold (punch and die) as described above will be described with an example illustrated in FIG. 3. FIG. 3(a)
illustrates a state of a bottom dead center of a portion corresponding to the A-A’ cross section when the target shape of
FIG. 2 is formed by a conventional method. FIG. 3(b) illustrates a state of a bottom dead center of a portion corresponding
to the A-A’ cross section when the preformed part 17 is formed in the first forming step of the present embodiment. The
set of mold of the conventional example in FIG. 3(a) has the same shape as the set of mold used in the second forming
step illustrated in FIG. 1(b), and thus, is denoted by the same reference numeral. FIGS. 3(a) and 3(b) omit illustration
of dies.
[0024] As illustrated in FIGS. 3(a) and 3(b), the boundary portion between the top portion 3 and the side wall portion
5 in the target shape and the preformed part 17 is a portion having an R shape along a shoulder portion 19a of a punch
19 or a shoulder portion 9a of the punch 9. Accordingly, this portion of the target shape and the preformed part 17 is
referred to as a punch shoulder R portion 23. Similarly, the boundary portion between the side wall portion 5 and the
flange portion 7 is a portion having an R shape along the shoulder portion 21a of the die 21 or the shoulder portion 15a
of the die 15 (refer to FIG. 1), and thus, this portion in the target shape and the preformed part 17 is referred to as a die
shoulder R portion 25. In the first forming step, as illustrated in FIG. 3(b), using the set of mold illustrated in FIG. 1(a),
the die shoulder R portion 25 of the preformed part 17 is formed so that the bending radius of the die shoulder R portion
25 is to be larger than the bending radius of the die shoulder R portion 25 (FIG. 3(a)) of the target shape. In the example
of FIG. 3, the bending radius of the die shoulder R portion 25 of the target shape is set to R4 mm, and in contrast to this,
the bending radius of the die shoulder R portion 25 of the preformed part 17 is set to R10 mm.
[0025] By using the settings as described above, a distance a from the curved end of the punch shoulder R portion
23 of the preformed part 17 closer to the side wall portion 5 to the blank end at the bottom dead center is longer than
the distance a in the target shape. Specifically, the distance a of the target shape in FIG. 3(a) is 7.3 mm, whereas the
distance a of the preformed part 17 in FIG. 3(b) is 9.5 mm, which is 2.2 mm longer.
[0026] FIG. 4 illustrates a comparison between the target shape in FIG. 3(a) and the shape of the preformed part 17
in FIG. 3(b) in planar view. FIG. 4 illustrates an outer peripheral line when the target shape and the preformed part 17
are overlapped together with their top portions 3 being aligned with each other. Similarly to FIG. 3, FIG. 4 also illustrates
that the end of the flange portion 7 of the preformed part 17 (example of present invention) is positioned about 2.2 mm
outside the target shape (conventional example).
[0027] As described above, by increasing the bending radius of the die shoulder R portion 25 of the preformed part
17, the deformation amount of the side wall portion 5 and the flange portion 7 becomes smaller compared to the target
shape, and thus, wrinkles due to the shrink flange forming are less likely to occur at the corresponding portion of the
preformed part 17.
[0028] The portions on which the bending radius of the die shoulder R portion 25 of the preformed part 17 is set to be
larger than the bending radius of the die shoulder R portion 25 of the target shape may be portions over the entire length
of the die shoulder R portion 25 (the entire length of the ridgeline between the side wall portion 5 and the flange portion
7), or may be portions to be subjected to shrink flange forming. That is, it is sufficient to set the bending radius of the
die shoulder R portion 25 of the portion formed continuously with the side wall portion 5 corresponding to at least the
convex peripheral edge 3a in the preformed part 17 to be larger than the bending radius of the die shoulder R portion
25 of the target shape. The bending radius of the die shoulder R portion 25 of the preformed part 17 is to be preferably
set to 1.2 to 5 times the bending radius of the die shoulder R portion 25 of the target shape. Furthermore, it is more
preferable to set with the magnification of 1.2 times to 3 times. This is to optimize the gap between the punch 19 and
the die 21 at the start of the shrink flange forming in the second forming step described below.

<Second forming step>

[0029] The second forming step is a step of forming the preformed part 17 formed in the first forming step into the
press formed part 1 having a target shape. As described above, the punch 19 and the die 21, which are a set of mold
used in the second forming step, have the same shapes as the punch 9 and the die 15, which are a set of mold used
in the first forming step, except for the forming portion of the die shoulder R portion 25. Therefore, this step also serves
as "restrike" for reducing springback by re-pressing the formed part with the same set of mold.
[0030] In the second forming step, as illustrated in FIG. 1(b), the punch shoulder R portion 23 of the preformed part
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17 is set to fit with the shoulder portion 19a of the punch 19, and the die 21 is lowered in a state where the top portion
3 of the preformed part 17 is clamped between the punch 19 and the pad 11, thereby forming the preformed part 17 into
the press formed part 1 having the target shape. The die 21 has a shape corresponding to the target shape as described
above. In addition, the curvature radius R0 of the shoulder portion 21a of the die 21 is smaller than the curvature radius
R1 of the shoulder portion 15a of the die 15 used in the first forming step. (R0<R1).
[0031] When the side wall portion 5 and the flange portion 7 corresponding to the convex peripheral edge 3a of the
preformed part 17 are formed into the target shape using the punch 19 and the die 21, the portions are subjected to
shrink flange forming. However, occurrence of wrinkles can also be suppressed in the shrink flange forming in the second
forming step. The reason will be described with reference to FIG. 5.
[0032] FIG. 5 illustrates a change in appearance of the die shoulder R portion 25 in the forming process of the second
forming step and a state of the forming process of a portion corresponding to the A-A’ cross section of FIG. 2. A numerical
value such as "5 mm up" is a distance to the bottom dead center of the die 21 in consideration of the sheet thickness
of the preformed part 17. Accordingly, the gap between the punch 19 and the die 21 in the press forming direction at "5
mm up" corresponds to the size obtained by adding +5 mm to the sheet thickness of the preformed part 17. With the
decrease in the numerical value, the die 21 approaches the punch 19 to move forward with the forming, so as to reach
the bottom dead center at "0 mm up".
[0033] In the second forming step of the present embodiment, when the preformed part 17 is set on the upper surface
of the punch 19 and the die 21 is lowered, as illustrated in FIG. 5, the die shoulder R portion 25 starts to be formed from
the point 1 mm before the bottom dead center. When the die shoulder R portion 25 is formed into the target shape, the
portion is subjected to shrink flange forming. However, the gap between the punch 19 and the die 21 is as small as a
size obtained by adding +1 mm to the sheet thickness at the start of the shrink flange forming, and thereafter, the gap
further decreases up to the bottom dead center, making it possible to suppress local concentration of the material.
Therefore, wrinkles are less likely to occur at the end of the flange portion 7 also in the second forming step.
[0034] Effects of the present embodiment described above will be specifically described with reference to FIGS. 6 and
7. FIG. 6 illustrates the distribution of the thickness increase rate of the preformed part 17 formed in the first forming
step of the present embodiment. The thickness increase rate and the shade of color are similar to those in FIG. 9. As
illustrated in FIG. 6, while the maximum sheet thickness increase rate of the conventional example in FIG. 9 is +12.5%,
the maximum sheet thickness increase rate of the preformed part 17 of the present embodiment is +6.5%, which made
it possible to halve the increase in the thickness of the portion that is subjected to shrink flange forming.
[0035] Next, FIG. 7 illustrates the distribution of the thickness increase rate when the preformed part 17 in FIG. 6 is
formed into a target shape in the second forming step. As illustrated in FIG. 7, the maximum sheet thickness increase
rate after the second forming step of the present embodiment was +7.3%, which was an increase as small as 0.8% from
the maximum sheet thickness increase rate of the preformed part 17. In this manner, even when the final formed parts
are compared with each other, it can be seen that the press formed part 1 manufactured by the press forming method
of the present embodiment sufficiently reduces the increase in the sheet thickness of the portion where shrink flange
forming is performed as compared with the press formed part 1 manufactured by the conventional method, having an
effect of suppressing the occurrence of wrinkles at the portion.
[0036] In addition, regarding the above description in which the gap between the punch 19 and the die 21 is very small
when the die shoulder R portion 25 of the preformed part 17 is formed to have the bending radius of the target shape
in the second forming step, making it possible to suppress local concentration of the material, effects of this will be given
with reference to FIG. 8 for verification. FIG. 8(a) illustrates the distribution of the thickness increase rate of the preformed
part 17 at the bottom dead center in the first forming step. FIG. 8(b) is a distribution of the thickness increase rate of the
press formed part 1 at the bottom dead center in the second forming step. The distribution of the thickness increase rate
is illustrated in a range narrower than the range illustrated in FIGS. 6 and 7.
[0037] As illustrated in FIGS. 8(a) and 8(b), in the second forming step, the increase in the sheet thickness is dispersed
in a wider range than in the first forming step. This indicates that the strain in the shrink flange forming in the second
forming step is dispersed over a wide range, making it possible to suppress an occurrence of a local increase in sheet
thickness and occurrence of wrinkles.
[0038] As described above, in the present embodiment, by forming the bending radius of the die shoulder R portion
25 at the portion to be subjected to shrink flange forming in the first forming step to be larger than in the target shape
and then forming the portion to the target shape in the second forming step, it is possible to solve the problem of local
sheet thickness increase and suppress occurrence of wrinkles. Furthermore, since there is no need to clamp the end
of the blank with a punch and a die, a trimming step is not necessarily needed unlike the conventional example disclosed
in Patent Literature 1.
[0039] As described above, the press forming method of the present embodiment can suppress wrinkles of the flange
portion 7 without using a blank holder, and thus is applicable to press forming by bending forming (crash forming). That
is, the present method is particularly effective when drawing or bending is applied in the first forming step of forming the
preformed part 17 and bending is applied in the second forming step of forming the target shape.
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[0040] Furthermore, the press forming method of the present embodiment is particularly effective when using a high-
strength steel sheet which is likely to have wrinkles by shrink flange forming. For example, the metal sheet (blank) may
be a steel sheet having a tensile strength of 590 MPa or more, and even in this case, it is possible to have a sufficient
effect of reducing wrinkles. By executing each step of the press forming method, a target press formed part can be
manufactured, and wrinkles are to be suppressed in the manufactured press formed part as described above.

[Example]

[0041] The effect of suppressing wrinkles in the shrink flange forming in the press forming method of the present
invention was specifically examined using FEM analysis, and the results thereof will be described below. In the present
Example, a steel sheet having a sheet thickness of 1.0 mm and a tensile strength of 980 MPa class was used as a blank,
and press forming was performed with the press formed part 1 of FIG. 2 as a target shape. The bending radius of the
die shoulder R portion 25 of the target shape was set to 4 mm. FEM analysis was performed on a conventional example
in which a metal sheet was formed into a target shape in one step and an example of the present invention in which a
metal sheet was formed into a target shape in two steps, and the maximum sheet thickness increase rate at the shrink
flange forming portion was obtained for each. The example of the present invention was implemented in a plurality of
exemplary cases by varying the bending radius of the die shoulder R portion 25 of the preformed part 17. The results
are illustrated in Table 1.

[0042] Item No. 1 is a conventional example in which a target shape is directly formed from a metal sheet in one step.
Items No. 2 to No. 5 are examples of the present invention performed in two steps including: a first step of forming a
metal sheet into the preformed part 17 (first forming step in the embodiment) and; a second step of forming the preformed
part 17 into a target shape (second forming step in the embodiment). In the example of the present invention, the bending
radius of the die shoulder R portion 25 of the preformed part 17 was varied to four patterns of 6 mm, 8 mm, 10 mm, and
12 mm.
[0043] As illustrated in Table 1, in the conventional example in Item No. 1, the maximum sheet thickness increase
rate of the press formed part 1 was 12.5%. In contrast, in Item No. 2 of the example of the present invention in which
the bending radius of the die shoulder R portion 25 in the first step was 6 mm, the maximum sheet thickness increase
rate in the first step was 7.4%, and the maximum sheet thickness increase rate in the second step was 8.2%, indicating
that the thickness increase rate was successfully reduced as compared with the conventional example of Item No. 1. In
addition, also in Item No. 3 of the present invention example in which the bending radius of the die shoulder R portion
25 in the first step was 8 mm, the maximum sheet thickness increase rate in the first step was 7.4%, and the maximum
sheet thickness increase rate in the second step was 8.2%, indicating that the thickness increase rate was successfully
reduced similarly to Item No. 2.

Table 1

No.

Bending radius 
(mm) at die 

shoulder R portion 
in first step

Bending radius 
(mm) at die shoulder 
R portion in second 

step

Maximum sheet 
thickness increase 
rate (%) in first step

Maximum sheet 
thickness increase rate 

(%) in second step
Remarks

1 4 - 12.5 -
Conventional 

Example

2 6 4 7.4 8.2
Example of 

present 
invention

3 8 4 7.4 8.2
Example of 

present 
invention

4 10 4 6.5 7.3
Example of 

present 
invention

5 12 4 5.2 8.9
Example of 

present 
invention
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[0044] In Item No. 4 of the present invention example in which the bending radius of the die shoulder R portion 25 in
the first step was 10 mm, the maximum sheet thickness increase rate in the first step was 6.5%, and the maximum sheet
thickness increase rate in the second step was 7.3%, indicating that the thickness increase rate was further reduced as
compared with Items No. 2 and No. 3.
[0045] In Item No. 5 of the present invention example in which the bending radius of the die shoulder R portion 25 in
the first step was 12 mm, the maximum sheet thickness increase rate in the first step was 5.2%, which was further
reduced as compared with other examples of the present invention, but the maximum sheet thickness increase rate in
the second step was 8.9%, which was reduced as compared with the conventional example but increased as compared
with the other examples of the present invention. Consequently, in the present example, it was found that the thickness
increase rate can be most reduced in the example of Item No. 4.
[0046] As described above, as the bending radius of the die shoulder R portion of the preformed part is increased,
the sheet thickness increase in the first forming step is reduced, but the sheet thickness tends to increase in the second
forming step. This is because the larger the bending radius of the die shoulder R portion of the preformed part, the earlier
the forming start timing of the die shoulder R portion in the second forming step, which increases the gap between the
punch and the die at the time of starting the forming of the die shoulder R portion, leading to reduction of the wrinkle
suppressing effect. Accordingly, when the bending radius of the die shoulder R portion of the preformed part is too large,
the forming of the die shoulder R portion is started before the gap between the punch and the die becomes sufficiently
small in the second forming step, leading to a case having difficulty in suppressing local concentration of the material.
In view of this, it is preferable to set the bending radius of the die shoulder R portion of the preformed part so that the
wrinkle suppression effect can be obtained in a well-balanced manner in both the first forming step and the second
forming step.

Industrial Applicability

[0047] According to the present invention, it is possible to provide a press forming method and a press formed part
manufacturing method capable of sufficiently suppress wrinkles of a flange portion caused by shrink flange forming and
that is also applicable to bending, without requiring a trimming step after press forming.

Reference Signs List

[0048]

1 PRESS FORMED PART (TARGET SHAPE)
3 TOP PORTION
3a CONVEX PERIPHERAL EDGE
5 SIDE WALL PORTION
7 FLANGE PORTION
9 PUNCH (FIRST FORMING STEP)
9a SHOULDER PORTION
11 PAD
13 BLANK (METAL SHEET)
15 DIE (FIRST FORMING STEP)
15a SHOULDER PORTION
17 PREFORMED PART
19 PUNCH (SECOND FORMING STEP, CONVENTIONAL EXAMPLE)
19a SHOULDER PORTION
21 DIE (SECOND FORMING STEP)
21a SHOULDER PORTION
23 PUNCH SHOULDER R PORTION
25 DIE SHOULDER R PORTION

Claims

1. A press forming method of forming a press formed part, the press formed part including: a top portion having a
convex peripheral edge having a whole of or part of an outer peripheral edge curved outward in a convex shape; a
side wall portion continuous to the top portion via a punch shoulder R portion; and a flange portion continuous to
the side wall portion via a die shoulder R portion,
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the press forming method comprising:

a first forming step of forming a metal sheet into a preformed part; and
a second forming step of forming the preformed part formed in the first forming step into the press formed part
having a target shape, wherein
the first forming step performs forming such that a bending radius of the die shoulder R portion formed corre-
sponding to at least the convex peripheral edge of the top portion of the preformed part is larger than a bending
radius of the die shoulder R portion of the press formed part having the target shape.

2. The press forming method according to claim 1, wherein

the first forming step applies drawing or bending, and
the second forming step applies bending.

3. The press forming method according to claim 1 or 2, wherein the metal sheet is a steel sheet having a tensile strength
of 590 MPa or more.

4. A press formed part manufacturing method of manufacturing a press formed part, the press formed part including:
a top portion having a convex peripheral edge having a whole of or part of an outer peripheral edge curved outward
in a convex shape; a side wall portion continuous to the top portion via a punch shoulder R portion; and a flange
portion continuous to the side wall portion via a die shoulder R portion,
the method comprising:

a first forming step of forming a metal sheet into a preformed part; and
a second forming step of forming the preformed part formed in the first forming step into the press formed part
having a target shape, wherein
the first forming step performs forming such that a bending radius of the die shoulder R portion formed corre-
sponding to at least the convex peripheral edge of the top portion of the preformed part is larger than a bending
radius of the die shoulder R portion of the press formed part having the target shape.
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