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(54) METHOD FOR MANUFACTURING METALLIC MEMBER, MOLD, AND METALLIC MEMBER

(57) A method of manufacturing a metallic member
having a cut edge surface with improved corrosion re-
sistance is provided. The method of manufacturing a
metallic member uses a press tool (20) to stamp a metal
sheet (10) having front and back faces covered with a
coating layer, thus producing a metallic member. The
press tool (20) includes a punch (21), a counter-pad
(22), asheet holder (23), and a die (24). The sheet holder
(23) includes a projecting portion (231) at an inner cir-
cumferential edge of the face facing the metal sheet (10),
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the projecting portion (231) of the sheet holder (23)
including a corner at its inner circumference, the corner
having a radius of curvature R17, the radius of curvature
R1 being not smaller than 0.10 times the thickness of the
metal sheet (10). The manufacturing method includes:
pushing the projecting portion (231) of the sheet holder
(23) into the metal sheet (10); and moving the punch (21)
and the die (24) closer to each other to stamp the metal
sheet (10).
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Description
TECHNICAL FIELD

[0001] The present invention relates to a method of
manufacturing a metallic member, a press tool, and a
metallic member.

BACKGROUND ART

[0002] Steel members of automobiles and buildings
are usually produced through press working. When a
corrosion-resistant steel member needs to be produced,
a material in the form of cold-rolled steel sheet or hot-
rolled steel sheet is pressed and then provided with paint
and/or plating. Providing painting and/or plating steps
after pressing increases work time and/or costs.

[0003] To solve this problem, a material in the form of
plated steel sheet may be pressed. However, if a plated
steel sheet is subjected to a press-working process that
involves cutting, such as stamping, the plating layer is
severed at the cut edge surface, exposing base steel. If
the base steel at the cut edge surface remains exposed,
corrosion initiates at the cut edge surface. Addressing
this requires an additional step for plating the cut edge
surface at which base steel is exposed, which increases
work time and costs.

[0004] JP 2021-133391 A discloses a cutting tool in-
cluding a fixed tool portion and a movable tool portion.
The movable tool portion is constructed to cut a metal
sheet by performing a first cutting step, where the clear-
ance between the fixed and movable tool portions is c+Ac
(4c>0), and a subsequent second cutting step, where the
clearance between the fixed and movable tool portions is
C.

[0005] JP 2017-87294 A discloses a method of cutting
a surface-treated steel sheet using a tool including a die
and a punch that provide a clearance of 1 to 20 % of the
sheetthickness, where the corner of atleast one of the die
or punch is provided with a radius of curvature that is not
smaller than 0.12 times the sheet thickness of the sur-
face-treated steel sheet.

[0006] JP 2009-287082 A discloses a method of cut-
ting a zinc-based plated steel sheet using a tool including
a die, a punch and a die holder, wherein, to cut a zinc-
based plated steel sheet with an amount of Zn adhering to
each surface not smaller than 10g/m2 and with a sheet
thickness not larger than 2.0 mm, that one of the die and
punch which corresponds to the product steel sheethas a
rounded corner with a radius of curvature that is 0.10 to
0.50 times the sheet thickness of the steel sheet,
whereas the corner of the other one and the corner of
the die holder each form a right angle, and wherein the
cutting is performed with the side surfaces of the die and
die holder of the tool being aligned and with a clearance
between the die and punch not larger than 1.0 % of the
sheet thickness of the steel sheet.

[0007] JP 2020-32437 A discloses a cut product pro-
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duced by coating surfaces of a base material with a
coating material to produce a multi-layer material and
then cutting it. The cut edge surface of this cut product
includes a first inclined surface inclined from a first sur-
face toward the middle as determined along the sheet-
thickness direction, a second inclined surface inclined
from a second surface toward the middle as determined
along the sheet-thickness direction, and a fracture sur-
face formed between the first and second inclined sur-
faces. At least some portions of the first and second
inclined surfaces remain coated with the coating material
that covers the surfaces of the base material.

[0008] One known precision shearing process that
provides a smooth cut edge surface is the "opposite-
die shearing method" (see, for example, JP H6-182461
A, JP 2000-210731 A, and JP 2005-14062 A).

PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[0009]

Patent Document 1: JP 2021-133391 A
Patent Document 2: JP 2017-87294 A
Patent Document 3: JP 2009-287082 A
Patent Document 4: JP 2020-32437 A
Patent Document 5: JP H6-182461 A
Patent Document 6: JP 2000-210731 A
Patent Document 7: JP 2005-14062 A

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0010] JP 2021-133391 A, JP 2017-87294 A, and JP
2009-287082 A each discloses a particular tool construc-
tion specifically created to leave a section of the materi-
al's plating layer that goes around onto the cut edge
surface. However, these methods leave such a go-
around section of the plating layer from one direction,
which means that the amount of the plating component
that can be supplied onto the cut edge surface is limited.
[0011] A problem to be solved by the presentinvention
is to provide a method of manufacturing a metallic mem-
ber having a cut edge surface with improved corrosion
resistance, a press tool capable of manufacturing a me-
tallic member having a cut edge surface with improved
corrosion resistance, and a metallic member having a cut
edge surface with improved corrosion resistance.

MEANS FOR SOLVING THE PROBLEMS

[0012] A method of manufacturing a metallic member
according to one embodiment of the present invention is
a method of manufacturing a metallic member by using a
press tool to stamp a metal sheet having front and back
faces covered with a coating layer, the press tool includ-
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ing: a punch; a counter-pad located opposite to the
punch, the metal sheet being positioned between the
punch and the counter-pad; a sheet holder located ad-
jacentto the same side of the metal sheet as the punch as
determined along a thickness direction of the sheet and
positioned to surround the punch along in-plane direc-
tions of the metal sheet; and a die located adjacent to the
same side of the metal sheet as the counter-pad as
determined along the thickness direction of the sheet
and positioned to surround the counter-pad along in-
plane directions of the metal sheet, the sheet holder
including a projecting portion at an inner circumferential
edge of a face facing the metal sheet, the projecting
portion of the sheet holder including a corner at an inner
circumference, the corner having a radius of curvature
R1, theradius of curvature R71 being not smallerthan 0.10
times a thickness of the metal sheet, the manufacturing
method including: pushing the projecting portion of the
sheet holder into the metal sheet; and moving the punch
and the die closer to each other to stamp the metal sheet.
[0013] A method of manufacturing a metallic member
according to one embodiment of the present invention is
a method of manufacturing a metallic member by using a
press tool to stamp a metal sheet having front and back
faces covered with a coating layer, the press tool includ-
ing: a punch; a counter-pad located opposite to the
punch, the metal sheet being positioned between the
punch and the counter-pad; a sheet holder located ad-
jacentto the same side of the metal sheet as the punch as
determined along a thickness direction of the sheet and
positioned to surround the punch along in-plane direc-
tions of the metal sheet; and a die located adjacent to the
same side of the metal sheet as the counter-pad as
determined along the thickness direction of the sheet
and positioned to surround the counter-pad along in-
plane directions of the metal sheet, the punch including
a projecting portion at a circumferential edge of a face
facing the metal sheet, the projecting portion of the punch
including a corner at an outer circumference, the corner
having a radius of curvature R3, the radius of curvature
R3 being not smaller than 0.10 times a thickness of the
metal sheet, the manufacturing method including: push-
ing the projecting portion of the punch into the metal
sheet; and moving the counter-pad and the sheet holder
closer to each other to stamp the metal sheet.

[0014] Apresstoolaccordingtoone embodimentofthe
present invention includes: a punch; a counter-pad lo-
cated opposite to the punch, a metal sheet representing a
workpiece being positioned between the punch and the
counter-pad; a sheet holderlocated adjacent to the same
side of the metal sheet as the punch as determined along
a thickness direction of the sheet and positioned to
surround the punch along in-plane directions of the metal
sheet; and a die located adjacent to the same side of the
metal sheet as the counter-pad as determined along the
thickness direction of the sheet and positioned to sur-
round the counter-pad along in-plane directions of the
metal sheet, the sheet holder including a projecting por-
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tion at an inner circumferential edge of a face facing the
metal sheet, the projecting portion of the sheet holder
including a corner at an inner circumference, the corner
having a radius of curvature R17, the radius of curvature
R1 being not smaller than 0.2 mm.

[0015] Apresstoolaccordingtoone embodimentofthe
present invention includes: a punch; a counter-pad lo-
cated opposite to the punch, a metal sheetrepresenting a
workpiece being positioned between the punch and the
counter-pad; a sheet holder located adjacent to the same
side of the metal sheet as the punch as determined along
a thickness direction of the sheet and positioned to
surround the punch along in-plane directions of the metal
sheet; and a die located adjacent to the same side of the
metal sheet as the counter-pad as determined along the
thickness direction of the sheet and positioned to sur-
round the counter-pad along in-plane directions of the
metal sheet, the punch including a projecting portion at a
circumferential edge of a face facing the metal sheet, the
projecting portion of the punch including a corner at an
outer circumference, the corner having a radius of cur-
vature R3, the radius of curvature R3 being not smaller
than 0.2 mm.

[0016] A metallic member according to one embodi-
ment of the present invention is a metallic member
formed by stamping a metal sheet having front and back
faces covered with a coating layer, including a cut edge
surface formed by the stamping, the cut edge surface
including: a sheared surface; and a recessed surface
represented by a curved surface having a shape protrud-
ing inwardly with respect to the member, atleast a portion
of the recessed surface being covered with the coating
layer.

[0017] A method of manufacturing a metallic member
according to one embodiment of the present invention is
a method of manufacturing a metallic member by using a
press tool to stamp a metal sheet having front and back
faces covered with a coating layer,

the press tool including:

a punch;

a counter-pad located opposite to the punch, the
metal sheet being positioned between the punch
and the counter-pad;

a sheet holder located adjacent to the same side of
the metal sheet as the punch as determined along a
thickness direction of the sheet and positioned to
surround the punch along in-plane directions of the
metal sheet; and

a die located adjacent to the same side of the metal
sheet as the counter-pad as determined along the
thickness direction of the sheet and positioned to
surround the counter-pad along in-plane directions
of the metal sheet,

the press tool further including the following con-
struction A) or B):

A) the sheet holder including a projecting portion
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at an inner circumferential edge of a face facing ber having a cut edge surface with improved corrosion

resistance.

[0019]

the metal sheet, the projecting portion of the
sheet holder including a corner at an inner cir-
cumference, the corner having a radius of cur-

EFFECTS OF THE INVENTION

The presentinvention provides a metallic mem-

BRIEF DESCRIPTION OF THE DRAWINGS

vature R1, the radius of curvature R1 beingnot 5
smaller than 0.10 times a thickness of the metal [0020]
sheet, or
B) the punch including a projecting portion at a [FIG. 1]FIG. 1is a cross-sectional view of a press tool
circumferential edge of a face facing the metal according to a first embodiment of the present in-
sheet, the projecting portion of the punchinclud- 70 vention, schematically illustrating its construction.
ing a corner at an outer circumference, the cor- [FIG.2]FIG. 2is a cross-sectional view of a portion of
ner having a radius of curvature R3, the radius of the sheet holder of the press tool of FIG. 1.
curvature R3being notsmallerthan 0.10times a [FIG. 3] FIG. 3 is a cross-sectional view of a variation
thickness of the metal sheet, of the sheet holder of the press tool of FIG. 1.
15 [FIG. 4] FIG. 4 is a flow chart of a method of man-
the manufacturing method including: ufacturing a metallic member according to one em-
bodiment of the present invention.
pushing the projecting portion of the sheet [FIG. 5] FIG. 5 is a cross-sectional view schemati-
holder into the metal sheet; and cally illustrating a moment during the manufacture of
stamping the metal sheet. 20 a metallic member.
[FIG. 6] FIG. 6 is a cross-sectional view schemati-
[0018] Apresstoolaccordingtoone embodimentofthe cally illustrating a moment during the manufacture of
present invention includes: a metallic member.
[FIG. 7] FIG. 7 is an enlarged schematic cross-sec-
a punch; 25 tional view of the projecting portion and nearby por-
a counter-pad located opposite to the punch, a metal tions.
sheet representing a workpiece being positioned [FIG. 8] FIG. 8 is a cross-sectional view schemati-
between the punch and the counter-pad; cally illustrating a moment during the manufacture of
a sheet holder located adjacent to the same side of a metallic member.
the metal sheet as the punch as determined alonga 30 [FIG. 9] FIG. 9is a cross-sectional view of a metallic
thickness direction of the sheet and positioned to member according to one embodiment of the pre-
surround the punch along in-plane directions of the sentinvention, schematically illustrating its construc-
metal sheet; and tion.
a die located adjacent to the same side of the metal [FIG. 10] FIG. 10 is a cross-sectional view of a press
sheet as the counter-pad as determined along the 35 tool according to a second embodiment of the pre-
thickness direction of the sheet and positioned to sentinvention, schematically illustrating its construc-
surround the counter-pad along in-plane directions tion.
of the metal sheet, [FIG. 11]FIG. 11is a cross-sectional view of a portion
the press tool further including the following con- of the die of the press tool of FIG. 10.
struction A) or B): 40 [FIG. 12] FIG. 12 is a cross-sectional view schema-
tically illustrating a moment during the manufacture
A) the sheet holder including a projecting portion of a metallic member.
at an inner circumferential edge of a face facing [FIG. 13] FIG. 13 is a cross-sectional view schema-
the metal sheet, the projecting portion of the tically illustrating a moment during the manufacture
sheet holder including a corner at an inner cir- 45 of a metallic member.
cumference, the corner having a radius of cur- [FIG. 14] FIG. 14 is a cross-sectional view schema-
vature R1, the radius of curvature R1 being not tically illustrating a moment during the manufacture
smaller than 0.2 mm, or of a metallic member.
B) the punch including a projecting portion at a [FIG. 15] FIG. 15 is a cross-sectional view of a
circumferential edge of a face facing the metal 50 metallic member according to one embodiment of
sheet, the projecting portion of the punch includ- the present invention, schematically illustrating its
ing a corner at an outer circumference, the cor- construction.
ner having a radius of curvature R3, the radius of [FIG. 16] FIG. 16 is a cross-sectional view of a press
curvature R3 being not smaller than 0.2 mm. tool according to a third embodiment of the present
55

invention, schematically illustrating its construction.
[FIG.17]FIG. 17 is a cross-sectional view of a portion
of the die of the press tool of FIG. 16.

[FIG. 18] FIG. 18 is a cross-sectional view schema-
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tically illustrating a moment during the manufacture
of a metallic member.

[FIG. 19] FIG. 19 is a cross-sectional view schema-
tically illustrating a moment during the manufacture
of a metallic member.

[FIG. 20] FIG. 20 is a cross-sectional view schema-
tically illustrating a moment during the manufacture
of a metallic member.

[FIG. 21] FIG. 21 is a cross-sectional view of a
metallic member according to one embodiment of
the present invention, schematically illustrating its
construction.

[FIG. 22] FIG. 22 is a cross-sectional view of a press
tool according to a fourth embodiment of the present
invention, schematically illustrating its construction.
[FIG. 23] FIG. 23 is across-sectional view of a portion
of the punch of the press tool of FIG. 22.

[FIG. 24] FIG. 24 is a cross-sectional view schema-
tically illustrating a moment during the manufacture
of a metallic member.

[FIG. 25] FIG. 25 is a cross-sectional view schema-
tically illustrating a moment during the manufacture
of a metallic member.

[FIG. 26] FIG. 26 is a cross-sectional view schema-
tically illustrating a moment during the manufacture
of a metallic member.

[FIG. 27] FIG. 27 is a cross-sectional view of a press
tool according to a fifth embodiment of the present
invention, schematically illustrating its construction.
[FIG. 28] FIG. 28 is across-sectional view of a portion
of the counter-pad of the press tool of FIG. 27.
[FIG. 29] FIG. 29 is a cross-sectional view schema-
tically illustrating a moment during the manufacture
of a metallic member.

[FIG. 30] FIG. 30 is a cross-sectional view schema-
tically illustrating a moment during the manufacture
of a metallic member.

[FIG. 31] FIG. 31 is a cross-sectional view schema-
tically illustrating a moment during the manufacture
of a metallic member.

[FIG. 32] FIG. 32 is a cross-sectional view of a press
tool according to a sixth embodiment of the present
invention, schematically illustrating its construction.
[FIG. 33]FIG. 33 is across-sectional view of a portion
of the counter-pad of the press tool of FIG. 32.
[FIG. 34] FIG. 34 is a cross-sectional view schema-
tically illustrating a moment during the manufacture
of a metallic member.

[FIG. 35] FIG. 35 is a cross-sectional view schema-
tically illustrating a moment during the manufacture
of a metallic member.

[FIG. 36] FIG. 36 is a cross-sectional view schema-
tically illustrating a moment during the manufacture
of a metallic member.

[FIG. 37] FIG. 37 schematically illustrates the dis-
tribution of the plating layer found when the project-
ing portion of the sheet holder has been pushed into
the metal sheet, calculated by CAE.
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[FIG. 38] FIG. 38 is a graph showing the relationship
between the radius of curvature R71 and the distance
of coating with plating, d.

[FIG. 39] FIG. 39 illustrates plating coverage.

[FIG. 40] FIG. 40 shows plating coverage obtained
by CAE.

EMBODIMENTS FOR CARRYING OUT THE INVEN-
TION

[0021] Now, embodiments of the present invention will
be described in detail with reference to the drawings. The
same or corresponding components in the drawings are
labeled with the same reference numerals, and their
description will not be repeated. The size ratios between
the components shown in the drawings do not necessary
represent the actual size ratios.

[First Embodiment]
[Press tool]

[0022] FIG. 1isacross-sectional view of a presstool 20
according to a first embodiment of the present invention,
schematically illustrating its construction. The press tool
20 is used for stamping a metal sheet. The press tool 20
includes a punch 21, a counter-pad 22, a sheet holder
(i.e., upper die part) 23, and a die (i.e., lower die part) 24.
The counter-pad 22 is located opposite to the punch 21, a
metal sheet 10 representing a workpiece being posi-
tioned between the punch and counter-pad. The sheet
holder 23 is located adjacent to the same side of the metal
sheet 10 as the punch 21 as determined along the thick-
ness direction of the sheet (i.e., z-direction of FIG. 1), and
positioned to surround the punch 21 along in-plane direc-
tions of the metal sheet 10 (i.e., xy-in-plane directions of
FIG. 1). The die 24 is located adjacent to the same side of
the metal sheet 10 as the counter-pad 22 as determined
along the thickness direction of the sheet and is posi-
tioned to surround the counter-pad 22 along in-plane
directions of the metal sheet 10.

[0023] The punch21 and counter-pad 22 include faces
21a and 22a, respectively, that face the metal sheet 10.
Both the face 21a and the face 22a are flat surfaces
parallel to the metal sheet 10. The faces 21a and 22a
have the same planar shape (shape in an xy-plane). The
faces 21a and 22a may have any planar shape, and may
be circular, elliptical or rectangular, for example.

[0024] A clearance CL of a predetermined size is pro-
vided between the punch 21 and sheet holder 23. Simi-
larly, a clearance CL of a predetermined size is provided
between the counter-pad 22 and die 24. Preferably, the
clearance CL has a generally constant size across the
entire outer circumference of the punch 21 or counter-
pad 22.

[0025] The sheet holder 23 includes a projecting por-
tion 231 at an inner circumferential edge of the face 23a
facing the metal sheet 10. As used herein, the inner
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circumferential edge of the face 23a means its circum-
ferential edge adjacent to the punch 21.

[0026] The face 24a of the die 24 that faces the metal
sheet 10 is a flat surface parallel to the metal sheet 10.
[0027] FIG. 2 is a cross-sectional view of a portion of
the sheet holder 23. The projecting portion 231 includes a
corner 231a at its inner circumference, the corner having
a radius of curvature R1. As used herein, the inner
circumference of the projecting portion 231 means the
side of the projecting portion 231 that is adjacent to the
punch 21.

[0028] The radius of curvature R17 of the corner 231ais
preferably not smaller than 0.2 mm. The radius of cur-
vature R1is more preferably not smallerthan 0.3 mm, yet
more preferably not smaller than 0.5 mm, still more
preferably not smaller than 0.8 mm, and yet more pre-
ferably not smaller than 1.0 mm. Further, the radius of
curvature R1 of the corner 231a is preferably not smaller
than 0.10 times the thickness of the metal sheet 10, i.e.,
workpiece. A lower limit of the radius of curvature R1 is
more preferably 0.20 times the thickness of the metal
sheet 10, and yet more preferably 0.30 times the thick-
ness of the metal sheet 10. An upper limit of the radius of
curvature R1 is preferably 0.40 times the thickness of the
metal sheet 10.

[0029] The height of the projecting portion 231, h1, is
preferably not smallerthan 0.25 times the thickness of the
metal sheet 10, i.e., workpiece. A lower limit of the height
h1 is more preferably 0.30 times the thickness of the
metal sheet 10, and yet more preferably 0.50 times the
thickness of the metal sheet 10. An upper limit of the
height h1 is preferably 1.00 times the thickness of the
metal sheet 10.

[0030] The side of the projecting portion 231 opposite
to the corner 231a may have any shape. In the imple-
mentation of FIG. 2, the projecting portion 231 has an
inclined portion 231b constituting its side opposite to the
corner 231a. The inclined portion 231b is shaped so as to
expand toward the outer circumference (i.e., in directions
away from the punch 21) as it goes closer to the face 23a.
As the projecting portion 231 includes such an inclined
portion 231b, the durability of the projecting portion 231 is
improved. It will be understood that the inclined portion
231b may have a shape represented by a straightline, as
shown in FIG. 2, or may have a shape represented by a
curved line, such as the inclined portion 231Ab shown in
FIG. 3.

[Method of Manufacturing Metallic Member]

[0031] Next, a method of manufacturing a metallic
member according to one embodiment of the present
invention will be described. The method of manufacturing
a metallic member according to the present embodiment
uses the above-described press tool 20 to stamp a metal
sheet having front and back faces covered with a coating
layer (hereinafter referred to as "surface-coated metal
sheet") to produce a metallic member.
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[0032] Although not limiting, the base material of the
surface-coated metal sheet may be steel, copper, a
copper alloy, aluminum, or an aluminum alloy, for exam-
ple. The manufacturing method according to the present
embodiment is particularly suitable for implementations
where the base material of the surface-coated metal
sheet is steel. This is because steel is prone to rust
and, as such, providing corrosion resistance to steel
has a significant advantage. The coating layer may be
a plating layer, a paint layer, or a resin layer, for example.
The coated metal sheet is typically a plated steel sheet.
The plated steel sheet may be a Zn-based plated steel
sheetoran Al-based plated steel sheet, forexample. The
following description discusses a plating layer as an
example of a coating layer and a surface-plated metal
sheet as an example of a surface-coated metal sheet.
[0033] More preferably, the surface-plated metal sheet
is a Zn-based plated steel sheet. A Zn-based plating acts
as a sacrificial corrosion protection for the steel sheet,
i.e., base material. This prevents corrosion initiating at
exposed base material at the cut edge surface resulting
from the shearing, thereby further increasing the corro-
sion resistance of the produced metallic member.
Although not limiting, the Zn-based plating may be hot-
dip galvanizing, galvannealing, Zn-Ni-based plating, Zn-
Al-based plating, Zn-Mg-based plating, or Zn-Al-Mg-
based plating, for example.

[0034] Although not limiting, the sheet thickness of the
surface-plated metal sheetis 1.0 to 6.0 mm, for example.
[0035] The thickness of the plating layer of the surface-
plated metal sheet (i.e., thickness as measured at one
face of the sheet; the same applies hereinafter) is pre-
ferably not smaller than 15 pum. If the thickness of the
plating layer is too small, the plating layer may be insuffi-
cient for covering the cut edge surface, in which case
corrosion resistance may not be provided to the cut edge
surface. A lower limit of the thickness of the plating layer
of the surface-plated metal sheet is more preferably 30
pm. Although not limiting, an upper limit of the thickness
of the plating layer of the surface-plated metal sheet is
150 pm, for example.

[0036] FIG. 4 isaflow chartofamethod of manufactur-
ing a metallic member according to one embodiment of
the present invention. The manufacturing method in-
cludes: a step in which a surface-plated metal sheet
(hereinafter simply referred to as "metal sheet 10") is
placed on the counter-pad 22 and die 24 (step S1); a step
in which the projecting portion 231 of the sheet holder 23
is pushed into the metal sheet 10 (step S2); and a step in
which the punch 21 and die 24 are moved closer to each
other to stamp the metal sheet 10 (step S3).

[0037] The various steps will be described below with
reference to FIGS. 5 to 8. All of these drawings are
schematic views. As stated above, the size ratios be-
tween the components shown in the drawings do not
necessary represent the actual size ratios (the same
applies to FIGS. 1 to 3 and FIGS. 9 sqq.).

[0038] The metalsheet10is placed onthe counter-pad
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22 and die 24 (step S1; see FIG. 5). The metal sheet 10
has front and back faces covered with a plating layer 10a.
FIG. 5 and other drawings show implementations where
the edge surfaces of the metal sheet 10 are also covered
with the plating layer 10a; in other implementations, the
edge surfaces of the metal sheet 10 may not be covered
with the plating layer 10a.

[0039] The projecting portion 231 of the sheet holder
23is pushedinto the metal sheet 10 (step S2; see FIG. 6).
For example, a press, not shown, may be used to apply
pressures of the same magnitude to the punch 21 and
counter-pad 22 to sandwich the metal sheet 10 and thus
hold the metal sheet 10. With the sheet kept in this state,
the die 24 is fixed in position and the sheet holder 23 is
moved closer to the die 24 to push the projecting portion
231 of the sheet holder 23 into the metal sheet 10. In other
implementations, instead of applying pressures of the
same magnitude to the punch 21 and counter-pad 22,
one of the punch 21 and counter-pad 22 may be fixed in
position and, with this one keptin this state, pressure may
be applied to the other one to sandwich the metal sheet
10.

[0040] FIG.7isan enlarged schematic cross-sectional
view of the projecting portion 231 and nearby portions. As
the projecting portion 231 is pushed in, a recess 10b is
formed in the metal sheet 10 and, at the same time, a go-
around section of the plating layer 10a is left on a wall of
the recess 10b. At this time, as the corner 231a of the
projecting portion 231 has a predetermined radius of
curvature R1, a go-around section of the plating layer
10a will be left on that one of the two walls 10b1 and 10b2
of the recess 10b which is adjacent to the corner 2313,
i.e., wall 10b1.

[0041] This wall 10b1 is located inward of (i.e., further
toward the center of the punch 21 than) the surface of the
projecting portion 231 as determined along in-plane di-
rections of the metal sheet 10 (i.e., xy-in-plane direc-
tions). In other words, a small gap is formed between the
wall 10b1 and projecting portion 231. This is because
portions of the material pushed in by the projecting por-
tion 231 move toward the center of the punch 21 due to
plastic flow.

[0042] FIG. 7 shows an implementation where a go-
around section of the plating layer 10a is also left on the
wall 10b2 adjacent to the inclined portion 231b; in other
implementations, no go-around section of the plating
layer 10a may be left on the wall 10b2.

[0043] The punch 21 and die 24 are moved closer to
each other to stamp the metal sheet 10 (step S3; see FIG.
8). Forexample, with the die 24 fixed in position, pressure
is applied to the sheet holder 23 such that the sheet
holder 23 and die 24 sandwich the metal sheet 10 and
thus hold the metal sheet 10. With the sheet kept in this
state, the punch 21 is moved closer to the die 24 to stamp
the metal sheet 10. At this time, a pressure may be
applied to the counter-pad 22 that is lower than the
pressure applied to the punch 21 to support the metal
sheet 10 from below.
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[0044] Alternatively, in lieu of fixing the die 24 in posi-
tion and applying pressure to the sheet holder 23, the
metal sheet 10 may be sandwiched by fixing the sheet
holder 23 in position and, with the sheet holder keptin this
state, applying pressure to the die 24, or by applying
pressures of the same magnitude to the sheet holder 23
and die 24.

[0045] Alternatively, in lieu of moving the punch 21, the
die 24 may be moved to stamp the metal sheet 10.
Specifically, with the metal sheet 10 sandwiched be-
tween the punch 21 and counter-pad 22, the die 24
may be moved closer to the punch 21 to stamp the metal
sheet 10. Alternatively, both the punch 21 and die 24 may
be moved to stamp the metal sheet 10.

[0046] As aresult, the metal sheet 10 is separated into
a metallic member 11 and remainder 119. According to
the present embodiment, the portion of the sheet sand-
wiched between the punch 21 and counter-pad 22 pro-
vides the metallic member 11. At this time, a go-around
section of the plating layer 10a from one surface of the
metal sheet 10 (i.e., surface in contact with the counter-
pad 22) is left on the cut edge surface 111 of the metallic
member 11.

[0047] It will be understood that steps S2 and S3 may
be performed as a single step by employing a double-
action press or equipment capable of independently
driving the punch 21 and sheet holder 23. Nevertheless,
it is preferable that step S2 and step S3 are performed
separately because this will allow the use of equipment
with a simpler construction. For example, simple con-
struction may be provided where, at step S2, the press is
lowered to perform recess formation using the sheet
holder 23 alone and, at step S3, pressure is applied to
the sheet holder 23 using a spring, for example, and the
punch 21 is lowered to perform stamping.

[0048] The above description relates to an implemen-
tation where the metal sheet 10 is placed on the counter-
pad 22 and die 24 before working the metal sheet 10. In
other implementations, the top and bottom of the press
tool 20 (i.e., the arrangement in the z-direction) may be
reversed, where the metal sheet 10 is placed on the
punch 21 and sheet holder 23 before being worked. In
such implementations, too, the step of pushing the pro-
jecting portion 231 of the sheet holder 23 into the metal
sheet 10 (step S2) and the step of moving the punch 21
and die 24 closer to each other to stamp the metal sheet
10 (step S3) may be performed in the same manner.

[Metallic Member]

[0049] FIG. 9 is a cross-sectional view of a metallic
member 11 according to one embodiment of the present
invention, schematically illustrating its construction. The
metallic member 11 is formed by stamping a surface-
plated metal sheet. The metallic member 11 includes a
cut edge surface 111 formed through the stamping.

[0050] In addition to the cut edge surface 111, the
metallic member 11 includes a first surface 112 and a
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second surface 113 opposite to the first surface 112. The
first and second surfaces 112 and 113 may have any
planar shape (shape in an xy-plane). The firstand second
surfaces 112 and 113 are covered with a plating layer
10a. The plating layer 10ais derived from the plating layer
of the material, i.e., surface-plated metal sheet.

[0051] The cut edge surface 111 includes a sheared
surface 111a, a recessed surface 111b, and an undercut
contiguous to the recessed surface 111b, 111e.

[0052] The cut edge surface 111 further includes a
fracture surface 111c and an undercut contiguous to
the sheared surface 111a (i.e., second undercut), 111d.
As determined along the thickness direction of the me-
tallic member 11 (i.e., z-direction), the fracture surface
111c is located between the sheared surface 111a and
recessed surface 111b. As determined along the thick-
ness direction of the metallic member 11 (i.e., z-direc-
tion), the undercut 111d is located contiguous to the side
of the sheared surface 111a opposite to that adjacent to
the recessed surface 111b. In other words, as determined
along the thickness direction of the metallic member 11
(i.e., z-direction), the sheared surface 111a is located
between the recessed surface 111b and undercut 111d.
[0053] Depending on the working conditions and other
factors, the cut edge surface 111 may not include a
fracture surface 111c.

[0054] The recessed surface 111b is formed by the
step of pushing the projecting portion 231 into the metal
sheet 10 (i.e. step S2inFIG. 4). Each of the undercut 111d
and undercut 111e is a curved surface that protrudes
outwardly with respect to the member, whereas the re-
cessed surface 111b is a curved surface of a shape that
protrudes inwardly with respect to the member.

[0055] The recessed surface 111b is recessed by an
amount of sinking W1 with respect to the sheared surface
111a. The amount of sinking W1 is defined as, in a cross
section of the metallic member 11, the distance between
the tangent to the sheared surface 111a and the inward-
most point on the recessed surface 111b. The amount of
sinking W1 may be, for example, 0.01 to 0.15 times the
thickness of the metallic member 11. A lower limit of the
amount of sinking W1 is preferably 0.02 times the thick-
ness of the metallic member 11. An upper limit of the
amount of sinking W1 is preferably 0.10 times the thick-
ness of the metallic member 11.

[0056] Accordingtothe presentembodiment, atleasta
portion of the recessed surface 111b is covered with the
plating layer 10a. This improves the corrosion resistance
of the cut edge surface 111.

[0057] In addition to at least a portion of the recessed
surface 111b being covered with the plating layer 10a, itis
preferable that not less than 50 % of the total area of the
recessed surface 111b and the undercut 111e contiguous
to the recessed surface 111b is covered with the plating
layer 10a. In more detail, it is preferable that d/(t1+t2) is
notlessthan 0.5 (i.e., notless than 50 %), where {7 and {2
are the dimensions of the recessed surface 111b and
undercut 111e, respectively, as measured in the thick-
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ness direction of the metal sheet 10, and dis the dimen-
sion of that portion of the total area of the recessed
surface 111b and undercut 111e which is covered with
the plating layer 10a as measured in the thickness direc-
tion of the metal sheet 10. The determination as to
whether a given portion is covered with the plating layer
10a may be based on measurements on the cut edge
surface 111 using an energy dispersive X-ray analyzer
(EDX), for example.

[0058] More preferably, d/(t1+t2)is not less than 75 %.
Most preferably, the entire recessed surface 111b is
covered with the plating layer 10a.

[0059] Typically, the undercut 111d contiguous to the
sheared surface 111a is entirely covered with the plating
layer 10a. Atleast a portion of the sheared surface 111ais
covered with the plating layer 10a. Typically, the fracture
surface 111c is not covered with the plating layer 10a.
[0060] Asisthe case withthe platinglayer 10a covering
the first and second surfaces 112 and 113, the plating
layer 10a covering the sheared surface 111a, recessed
surface 111b and undercuts 111d and 111e is derived
from the plating layer of the material, i.e., surface-plated
metal sheet. Thus, the plating layer 10a covering the
sheared surface 111a, recessed surface 111b and under-
cut 111d and the plating layer 10a covering the first and
second surfaces 112 and 113 are one and the same
plating layer.

[Effects of Present Embodiment]

[0061] The press tool 20, the method of the manufac-
turing a metallic member, and the metallic member 11
according to the firstembodiment of the presentinvention
have been described. The sheet holder 23 of the press
tool 20 includes a projecting portion 231 at the inner
circumferential edge of the face 23a facing the metal
sheet 10. The projecting portion 231 includes a corner
231a at its inner circumference, the corner having a
radius of curvature R7 (FIG. 2). As this projecting portion
231 is pushed into the metal sheet 10, arecess 10b (FIG.
7)is formed in the metal sheet 10 and, at the same time, a
go-around section of the plating layer 10a is left on a wall
of the recess 10b. As the corner 231a of the projecting
portion 231 has a predetermined radius of curvature R17,
a go-around section of the plating layer 10ais left on that
one of the two walls 10b1 and 10b2 of the recess 10b
which is adjacent to the corner 2314, i.e., wall 10b1. The
wall 10b1 corresponds to the recessed surface 111b
(FIG. 9) of the metallic member 11. At least a portion of
the recessed surface 111b is covered with the plating
layer 10a.

[0062] The press tool 20 according to the present
embodiment and the method of manufacturing a metallic
member according to the present embodiment are cap-
able of supplying the plating layer 10a from both sides of
the cut edge surface 111 arranged in the thickness direc-
tion (i.e., z-direction). In other words, the plate layer 10a
may be supplied not only from the second surface 113,
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but also from the first surface 112. Specifically, in addition
to the undercut 111d and sheared surface 111a, atleast a
portion of the recessed surface 111b may be covered with
the plating layer 10a. This provides a metallic member 11
with a cut edge surface 111 with improved corrosion
resistance.

[0063] Now, second to sixth embodiments of the pre-
sent embodiment will be described. Features in which
these embodiments are different from the first embodi-
ment will be mainly described below, and common fea-
tures may not be described again.

[Second Embodiment]
[Press tool]

[0064] FIG. 10is a cross-sectional view of a press tool
30 according to a second embodiment of the present
invention, schematically illustrating its construction. The
press tool 30 includes a die 34, which replaces the die 24
(FIG. 1) of the press tool 20 of the first embodiment.
[0065] The die 34 includes a projecting portion 341 at
aninner circumferential edge of the of the face 34a facing
the metal sheet 10. As used herein, the inner circumfer-
ential edge of the face 34a means its circumferential edge
adjacent to the counter-pad 22.

[0066] FIG. 11 is a cross-sectional view of a portion of
the die 34. The die 34 includes a corner 341a atits inner
circumference, the corner having a radius of curvature
R2. As used herein, the inner circumference of the pro-
jecting portion 341 means the side of the projecting
portion 341 that is adjacent to the counter-pad 22.
[0067] The radius of curvature R2 of the corner 341a
has the same preferable ranges as the radius of curva-
ture R1 (FIG. 2) of the corner 231a of the projecting
portion 231 of the sheet holder 23. The radii of curvature
R1 and R2 may be equal, or may be different.

[0068] The height h2 of the projecting portion 341 has
the same preferable ranges as the height h1 (FIG. 2) of
the projecting portion 231 of the sheet holder 23. The
heights h1 and h2 may be equal, or may be different.

[Method of Manufacturing Metallic Member]

[0069] A method of manufacturing a metallic member
according to the present embodiment uses the above-
described press tool 30 to stamp a surface-plated metal
sheet to produce a metallic member. The manufacturing
method includes the step of placing a metal sheet 10 on
the counter-pad 22 and die 34, the step of pushing the
projecting portion 231 of the sheet holder 23 and the
projecting portion 341 of the die 34 into the metal sheet
10, and the step of moving the punch 21 and die 34 closer
to each other to stamp the metal sheet 10. The various
steps will be described below with reference to FIGS. 12
to 14.

[0070] A metal sheet 10 is placed on the counter-pad
22 and die 34 (see FIG. 12). In the present embodiment,
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too, in some implementations the top and bottom of the
press tool 30 (i.e., the arrangement in the z-direction)
may be reversed, where the metal sheet 10 is placed on
the punch 21 and sheet holder 23 before being worked.
[0071] The projecting portion 231 of the sheet holder
23 and the projecting portion 341 of the die 34 are pushed
into the metal sheet 10 (see FIG. 13). For example, the
punch 21 and counter-pad 22 are caused to sandwich the
metal sheet 10 to hold the metal sheet 10. With the sheet
kept in this state, the sheet holder 23 and die 34 are
moved closer to each other to push the projecting portion
231 of the sheet holder 23 and the projecting portion 341
ofthe die 34 into the metal sheet 10. In lieu of moving both
the sheet holder 23 and die 34, one of the sheet holder 23
and die 34 may be fixed and only the other one may be
moved. In such implementations, too, the pressures
applied to the punch 21 and counter-pad 22 may be
controlled appropriately to enable the projecting portion
231 of the sheet holder 23 and the projecting portion 341
of the die 34 to be pushed into the metal sheet 10.
[0072] The punch 21 and die 34 are moved closer to
each other to stamp the metal sheet 10 (see FIG. 14).
Thus, the metal sheet 10 is separated into a metallic
member 12 and remainder 129. In the present embodi-
ment, the portion of the sheet sandwiched between the
punch 21 and counter-pad 22 provides the metallic mem-
ber 12.

[Metallic Member]

[0073] FIG. 15 is a cross-sectional view of a metallic
member 12 according to one embodiment of the present
invention, schematically illustrating its construction. The
metallic member 12 is formed by stamping a surface-
plated metal sheet. The metallic member 12 includes a
cut edge surface 121 formed through stamping. In addi-
tion to the cut edge surface 121, the metallic member 12
includes a first surface 122 and a second surface 123.
The first and second surfaces 122 and 123 are covered
with a plating layer 10a.

[0074] The cut edge surface 121 includes a sheared
surface 121a, a recessed surface 121b, and an undercut
contiguous to the recessed surface 121b, 121e.

[0075] The cut edge surface 121 further includes a
fracture surface 121c, a second recessed surface
121d, and an undercut contiguous to the second re-
cessed surface 121d, 121f. As determined along the
thickness direction of the metallic member 12 (i.e., z-
direction), the fracture surface 121c is located between
the sheared surface 121aand recessed surface 121b. As
determined along the thickness direction of the metallic
member 12 (i.e., z-direction), the second recessed sur-
face 121dislocated contiguous to the side of the sheared
surface 121a opposite to that adjacent to the recessed
surface 121b. In other words, as determined along the
thickness direction of the metallic member 12 (i.e., z-
direction), the sheared surface 121a is located between
the recessed surface 121b and the second recessed
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surface 121d.

[0076] In the present embodiment, too, depending on
the working conditions and other features, the cut edge
surface 121 may not include a fracture surface 121c.
[0077] Each of the recessed surface 121b and second
recessed surface 121dis a curved surface of a shape that
protrudes inwardly with respect to the member. The
amount of sinking W2 of the recessed surface 121b
and the amount of sinking W3 of the second recessed
surface 121d have the same ranges as the amount of
sinking W1 (FIG. 9) of the recessed surface 111b of the
metallic member 11. It is to be noted that the amount of
sinking W3 of the second recessed surface 121d tends to
be smaller than the amount of sinking W2 of the recessed
surface 121b.

[0078] Inthe present embodiment, too, at least a por-
tion of the recessed surface 121b is covered with the
plating layer 10a. This improves the corrosion resistance
of the cut edge surface 121. In the present embodiment,
too, in addition to at least a portion of the recessed sur-
face 121b being covered with the plating layer 10a, it is
more preferable that not less than 50 % of the total area of
the recessed surface 121b and the undercut 121e con-
tiguous to the recessed surface 121b is covered with the
plating layer 10a. The preferable proportions of the total
area of the recessed surface 121b and undercut 121e
covered with the plating layer 10a and other associated
features are the same as for the metallic member 11.
[0079] Typically, the undercut 121f contiguous to the
second recessed surface 121d is entirely covered with
the plating layer 10a. At least a portion of the second
recessed surface 121d is covered with the plating layer
10a. The sheared surface 121a may be entirely covered,
partially covered, or not covered at all, with the plating
layer 10a. Typically, the fracture surface 121c is not
covered with the plating layer 10a.

[Effects of Present Embodiment]

[0080] The press tool 30, the method of the manufac-
turing a metallic member, and the metallic member 12
according to the second embodiment of the present
invention have been described. According to the present
embodiment, the projecting portions 231 and 341 are
pushed into the metal sheet 10 to supply the plating layer
10a from both sides of the metal sheet 10 arranged in the
thickness direction. Further, when the remaining middle
portion is stamped through, the predetermined radius of
curvature R2 of the corner 341a of the projecting portion
341 allows a larger amount of the plating layer 10a to
provide a go-around section on the cut edge surface 121.
This provides a metallic member 12 having a cut edge
surface 121 with improved corrosion resistance.
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[Third Embodiment]
[Press tool]

[0081] FIG. 16 is a cross-sectional view of a press tool
40 according to a third embodiment of the present inven-
tion, schematically illustrating its construction. The press
tool 40 includes a die 44, which replaces the die 24 (FIG.
1) of the press tool 20 of the first embodiment.

[0082] FIG. 17 is a cross-sectional view of a portion of
the die 44. The face 44a of the die 44 that faces the metal
sheet 10 is a flat surface parallel to the metal sheet 10.
The die 44 includes a double corner at its inner circum-
ference. A used herein, the inner circumference of the die
44 means the side of the die adjacent to the counter-pad
22.The double cornerincludes a first sub-corner 441 and
a second sub-corner 442. The second sub-corner 442 is
located farther from the metal sheet 10 than the first sub-
corner 441 is as measured in the thickness direction of
the metal sheet 10 (i.e., z-direction), and located closer to
the counter-pad 22 than the first sub-corner 441 is as
measured in in-plane directions of the metal sheet 10
(i.e., xy-in-plane directions).

[0083] The step height sh1 of the double corner is
preferably larger than zero times and not larger than
0.50 times the thickness of the metal sheet 10, i.e.,
workpiece. The step height sh1 is defined as the distance
from the face 44a to the topmost point of the second sub-
corner 442 (i.e., point closest to the face 44a) as mea-
suredinthe z-direction. Alower limit of the step height sh1
is preferably 0.10 times the thickness of the metal sheet
10, and more preferably 0.20 times.

[0084] The width w1 of the double corner is preferably
0.10to0 0.70times the thickness of the metal sheet 10, i.e.,
workpiece. The width w1 is defined as the distance from
the side of the first sub-corner 441 to the side of the
second sub-corner 442 (i.e., inner circumferential sur-
face of the die 44) as measured in xy-in-plane directions.
A lower limit of the width w1 is preferably 0.10 times the
thickness of the metal sheet 10, and more preferably 0.20
times.

[0085] The radius of curvature Rp2 of the second sub-
corner 442 is preferably not smaller than 0.1 mm. The
radius of curvature Rp2 is more preferably not smaller
than 0.2 mm, and yet more preferably not smallerthan 0.3
mm. Further, the radius of curvature Rp2 of the second
sub-corner 442 is preferably not smaller than 0.10 times
the thickness of the metal sheet 10, i.e., workpiece. A
lower limit of the radius of curvature Rp2 is more pre-
ferably 0.20 times the thickness of the metal sheet 10. An
upper limit of the radius of curvature Rp2 is preferably
0.70 times the thickness of the metal sheet 10.

[0086] The radius of curvature Rp7 of the first sub-
corner 441 is not limited to any particular value. For
example, the radius of curvature Rp7 is 0 to 0.50 times
the radius of curvature Rp2. The radius of curvature Rp1
may be zero.
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[Method of Manufacturing Metallic Member]

[0087] A method of manufacturing a metallic member
according to the present embodiment uses the above-
described press tool 40 to stamp a surface-plated metal
sheet to produce a metallic member. The manufacturing
method includes the step of placing a metal sheet 10 on
the counter-pad 22 and die 44, the step of pushing the
projecting portion 231 of the sheet holder 23 into the
metal sheet 10, and the step of moving the punch 21
and die 44 closer to each other to stamp the metal sheet
10. The various steps will be described below with re-
ference to FIGS. 18 to 20.

[0088] A metal sheet 10 is placed on the counter-pad
22 and die 44 (see FIG. 18). In the present embodiment,
too, in some implementations the top and bottom of the
press tool 40 (i.e., the arrangement in the z-direction)
may be reversed, where the metal sheet 10 is placed on
the punch 21 and sheet holder 23 before being worked.
[0089] The projecting portion 231 of the sheet holder
23 is pushed into the metal sheet 10 (see FIG. 19). For
example, the punch 21 and counter-pad 22 are caused to
sandwich the metal sheet 10 to hold the metal sheet 10.
With the sheet kept in this state, the sheet holder 23 is
moved closer to the die 44 to push the projecting portion
231 of the sheet holder 23 into the metal sheet 10.
[0090] The punch 21 and die 44 are moved closer to
each other to stamp the metal sheet 10 (see FIG. 20).
Thus, the metal sheet 10 is separated into a metallic
member 13 and remainder 139. According to the present
embodiment, the portion of the sheet sandwiched be-
tween the punch 21 and counter-pad 22 provides the
metallic member 13.

[Metallic Member]

[0091] FIG. 21 is a cross-sectional view of a metallic
member 13 according to one embodiment of the present
invention, schematically illustrating its construction. The
metallic member 13 is formed by stamping a surface-
plated metal sheet. The metallic member 13 includes a
cut edge surface 131 formed through stamping. In addi-
tion to the cut edge surface 131, the metallic member 13
includes a first surface 132 and a second surface 133.
The first and second surfaces 132 and 133 are covered
with the plating layer 10a.

[0092] The cut edge surface 131 includes a sheared
surface 131a, a recessed surface 131b, a fracture sur-
face 131c, an undercut 131d, and an undercut 131e. The
cut edge surface 131 generally has the same construc-
tion as the cut edge surface 111 (FIG. 9) of the metallic
member 11. In more detail, in the cut edge surface 131,
the undercut 131d is larger in size than the undercut 111d
(FIG. 9) and, as a result, the proportions of the sheared
surface 131a and fracture surface 131c are different from
those in the metallic member 11.
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[Effects of Present Embodiment]

[0093] According to the present embodiment, during
the step of stamping the metal sheet 10, the width w1
(FIG. 17) of the double corner increases the clearance
between the punch 21 and die 44, thus increasing the
size of a roll-over adjacent to the cut edge surface. As a
result, the portion of the sheet that is in contact with the
second sub-corner 442 is inclined appropriately and,
during formation using the second sub-corner 442, the
plating layer 10a can be moved more easily onto the cut
edge surface. This provides a metallic member 13 having
a cut edge surface 131 with improved corrosion resis-
tance.

[Fourth Embodiment]
[Press tool]

[0094] FIG. 22 is a cross-sectional view of a press tool
50 according to a fourth embodiment of the present
invention, schematically illustrating its construction.
The press tool 50 includes a punch 51, which replaces
the punch 21 (FIG. 1) of the press tool 20 of the first
embodiment, and a sheet holder 53, which replaces the
sheet holder 23.

[0095] The punch 51 includes a projecting portion 511
at a circumferential edge of the face 51a that faces the
metal sheet 10.

[0096] The face 53a of the sheet holder 53 that faces
the metal sheet 10 is a flat surface parallel to the metal
sheet 10.

[0097] FIG. 23 is a cross-sectional view of a portion of
the punch 51. The projecting portion 511 includes a
corner 511a at its outer circumference, the corner having
a radius of curvature R3. As used herein, the outer
circumference of the projecting portion 511 means the
side of the projecting portion 511 adjacent to the sheet
holder 53.

[0098] The radius of curvature R3 of the corner 511a
has the same preferable ranges as the radius of curva-
ture R1 (FIG. 2) of the corner 231a of the projecting
portion 231 of the sheet holder 23. The height h3 of
the projecting portion 511 has the same preferable
ranges as the height h1 (FIG. 2) of the projecting portion
231 of the sheet holder 23.

[Method of Manufacturing Metallic Member]

[0099] A method of manufacturing a metallic member
according to the present embodiment uses the above-
described press tool 50 to stamp a surface-plated metal
sheet to produce a metallic member. The manufacturing
method includes the step of placing a metal sheet 10 on
the counter-pad 22 and die 24, the step of pushing the
projecting portion 511 of the punch 51 into the metal sheet
10, and the step of moving the counter-pad 22 and sheet
holder 53 closer to each other to stamp the metal sheet
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10. The various steps will be described below with re-
ference to FIGS. 24 to 26.

[0100] A metal sheet 10 is placed on the counter-pad
22 and die 24 (see FIG. 24). In the present embodiment,
too, in some implementations the top and bottom of the
press tool 50 (i.e., the arrangement in the z-direction)
may be reversed, where the metal sheet 10 is placed on
the punch 51 and sheet holder 53 before being worked.
[0101] The projecting portion 511 of the punch 51 is
pushed into the metal sheet 10 (see FIG. 25). For ex-
ample, the sheet holder 53 and die 24 are caused to
sandwich the metal sheet 10 to hold the metal sheet 10.
With the sheet kept in this state, the punch 51 is moved
closerto the counter-pad 22 to push the projecting portion
511 of the punch 51 into the metal sheet 10.

[0102] The counter-pad 22 and sheet holder 53 are
moved closer to each other to stamp the metal sheet 10
(seeFIG. 26). Thus, the metal sheet 10 is separatedintoa
metallic member 14 and remainder 149. In the present
embodiment, the portion of the sheet sandwiched be-
tween the sheet holder 53 and die 24 provides the me-
tallic member 14.

[Metallic Member]

[0103] The metallic member 14 has the same con-
struction as the metallic member 11 (FIG. 9) of the first
embodiment except that it has a different planar shape
(shape in an xy-plane). More specifically, the metallic
member 14 is formed by stamping a surface-plated metal
sheet, and includes a cut edge surface formed through
the stamping. This cut edge surface includes a sheared
surface and a recessed surface, where at least a portion
of the recessed surface is covered with the plating layer
10a.

[Effects of Present Embodiment]

[0104] The press tool 50, the method of manufacturing
a metallic member, and the metallic member 14 accord-
ing to the fourth embodiment of the present invention
have been described. The press tool 50 according to the
present embodiment and the method of manufacturing a
metallic member according to the present embodiment
also provide go-around sections of the plating layer 10a
from both sides of the cut edge surface arranged in the
thickness direction. This provides a metallic member 14
having a cut edge surface with improved corrosion re-
sistance.

[Fifth Embodiment]

[Press tool]

[0105] FIG. 27 is a cross-sectional view of a press tool
60 according to a fifth embodiment of the present inven-

tion, schematically illustrating its construction. The press
tool 60 includes a counter-pad 62, which replaces the
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counter-pad 22 (FIG. 22) of the press tool 50 of the fourth
embodiment.

[0106] The counter-pad 62 includes a projecting por-
tion 621 at a circumferential edge of the face 62a that
faces the metal sheet 10.

[0107] FIG. 28 is a cross-sectional view of a portion of
the counter-pad 62. The projecting portion 621 includes a
corner 621a at its outer circumference, the corner having
a radius of curvature R4. As used herein, the outer
circumference of the projecting portion 621 means the
side of the projecting portion 621 adjacent to the die 24.
[0108] The radius of curvature R4 of the corner 621a
has the same preferable ranges as the radius of curva-
ture R1 (FIG. 2) of the corner 231a of the projecting
portion 231 of the sheet holder 23. The radius of curva-
ture R3 (FIG. 23) and the radius of curvature R4 may be
equal, or may be different.

[0109] The height h4 of the projecting portion 621 has
the same preferable ranges as the height h1 (FIG. 2) of
the projecting portion 231 of the sheet holder 23. The
height h3 (FIG. 23) and the height h4 may be equal, or
may be different.

[Method of Manufacturing Metallic Member]

[0110] A method of manufacturing a metallic member
according to the present embodiment uses using the
above-described press tool 60 to stamp a surface-plated
metal sheet to produce a metallic member. The manu-
facturing method includes the step of placing a metal
sheet 10 on the counter-pad 62 and die 24, the step of
pushing the projecting portion 511 ofthe punch 51 and the
projecting portion 621 of the counter-pad 62 into the
metal sheet 10, and the step of moving the counter-
pad 62 and sheet holder 53 closer to each other to stamp
the metal sheet 10. The various steps will be described
below with reference to FIGS. 29 to 31.

[0111] A metal sheet 10 is placed on the counter-pad
62 and die 24 (see FIG. 29). In the present embodiment,
too, in some implementations the top and bottom of the
press tool 60 (i.e., the arrangement in the z-direction)
may be reversed, where the metal sheet 10 is placed on
the punch 51 and sheet holder 53 before being worked.
[0112] The projecting portion 511 of the punch 51 and
the projecting portion 621 of the counter-pad 62 are
pushed into the metal sheet 10 (see FIG. 30). For ex-
ample, the sheet holder 53 and die 24 are caused to
sandwich the metal sheet 10 to hold the metal sheet 10.
With the sheet kept in this state, the punch 51 and
counter-pad 62 are moved closer to each other to push
the projecting portion 511 of the punch 51 and the pro-
jecting portion 621 of the counter-pad 62 into the metal
sheet 10.

[0113] The counter-pad 62 and sheet holder 53 are
moved closer to each other to stamp the metal sheet 10
(seeFIG.31). Thus, the metal sheet 10is separatedintoa
metallic member 15 and remainder 159. In the present
embodiment, the portion of the sheet sandwiched be-
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tween the sheet holder 53 and die 24 provides the me-
tallic member 15.

[Metallic Member]

[0114] The metallic member 15 has the same construc-
tion as the metallic member 12 (FIG. 15) of the second
embodiment except that it has a different planar shape
(shape in an xy-plane). Specifically, the metallic member
15 is formed by stamping a surface-plated metal sheet,
and includes a cut edge surface formed through the
stamping. This cut edge surface includes a sheared
surface and recessed surfaces, where at least portions
of the recessed surfaces are covered with the plating
layer 10a.

[Effects of Present Embodiment]

[0115] The press tool 60, the method of manufacturing
a metallic member, and the metallic member 15 accord-
ing to the fifth embodiment of the present invention have
been described. According to the present embodiment,
the projecting portions 511 and 621 are pushed into the
metal sheet 10 to supply the plating layer 10a from both
sides of the metal sheet 10 arranged in the thickness
direction. Further, when the remaining middle portion is
stamped through, the predetermined radius of curvature
R4 of the corner 621a of the projecting portion 621 allows
a larger amount of the plating layer 10a to provide a go-
around section on the cut edge surface. This provides a
metallic member 15 having a cut edge surface with im-
proved corrosion resistance.

[Sixth Embodiment]
[Press tool]

[0116] FIG. 32 is a cross-sectional view of a press tool
70 according to a sixth embodiment of the present in-
vention, schematically illustrating its construction. The
press tool 70 includes a counter-pad 72, which replaces
the counter-pad 22 (FIG. 22) of the press tool 50 of the
fourth embodiment.

[0117] FIG. 33 is a cross-sectional view of a portion of
the counter-pad 72. The face 72a of the counter-pad 72
that faces the metal sheet 10 is a flat surface parallel to
the metal sheet 10. The counter-pad 72 includes a double
corner at its outer circumference. As used herein, the
outer circumference of the counter-pad 72 means its side
adjacent to the die 24. The double corner includes a first
sub-corner 721 and a second sub-corner 722. The sec-
ond sub-corner 722 is located farther from the metal
sheet 10 than the first sub-corner 721 is as measured
in the thickness direction of the metal sheet 10 (i.e., z-
direction), and located closer to the die 24 than the first
sub-corner 721 is as measured in in-plane directions of
the metal sheet 10 (i.e., xy-in-plane directions).

[0118] The step height sh2 of the double corner has the
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same preferable ranges as the step height sh1 (FIG. 17)
of the double corner of the die 44. The width w2 of the
double corner has the same preferable ranges as the
width w1 (FIG. 17) of the double corner of the die 44.
[0119] The radius of curvature Rp4 of the second sub-
corner 722 has the same preferable ranges as the radius
of curvature Rp2 (FIG. 17) of the second sub-corner 442
of the die 44. The radius of curvature Rp3 of the first sub-
corner 721 is not limited to any particular value. For
example, the radius of curvature Rp3 may be 0 to 0.5
times the radius of curvature Rp4. The radius of curvature
Rp3 may be zero.

[Method of Manufacturing Metallic Member]

[0120] A method of manufacturing a metallic member
according to the present embodiment uses the above-
described press tool 70 to stamp a surface-plated metal
sheet to produce a metallic member. The manufacturing
method includes the step of placing a metal sheet 10 on
the counter-pad 72 and die 24, the step of pushing the
projecting portion 511 of the punch 51 into the metal sheet
10, and the step of moving the counter-pad 72 and sheet
holder 53 closer to each other to stamp the metal sheet
10. The various steps will be described below with re-
ference to FIGS. 34 to 36.

[0121] A metal sheet 10 is placed on the counter-pad
72 and die 24 (see FIG. 34). In the present embodiment,
too, in some implementations the top and bottom of the
press tool 70 (i.e., the arrangement in the z-direction)
may be reversed, where the metal sheet 10 is placed on
the punch 51 and sheet holder 53 before being worked.
[0122] The projecting portion 511 of the punch 51 is
pushed into the metal sheet 10 (see FIG. 35). For ex-
ample, the sheet holder 53 and die 24 are caused to
sandwich the metal sheet 10 to hold the metal sheet 10.
With the sheet kept in this state, the punch 51 is moved
closerto the counter-pad 72 to push the projecting portion
511 of the punch 51 into the metal sheet 10.

[0123] The counter-pad 72 and sheet holder 53 are
moved closer to each other to stamp the metal sheet 10
(seeFIG. 36). Thus, the metal sheet 10is separatedintoa
metallic member 16 and remainder 169. In the present
embodiment, the portion of the sheet sandwiched be-
tween the sheet holder 53 and die 24 provides the me-
tallic member 16.

[Metallic Member]

[0124] The metallic member 16 has the same con-
struction as the metallic member 13 (FIG. 21) of the third
embodiment except that it has a different planar shape
(shape in an xy-plane). Specifically, the metallic member
16 is formed by stamping a surface-plated metal sheet,
and includes a cut edge surface formed through the
stamping. This cut edge surface includes a sheared
surface and a recessed surface, where at least a portion
of the recessed surface is covered with the plating layer
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10a.
[Effects of Present Embodiment]

[0125] According to the present embodiment, during
the step of stamping the metal sheet 10, the width w2
(FIG. 33) of the double corner increases the clearance
between the counter-pad 72 and sheet holder 53, thus
increasing the size of aroll-over adjacent to the undercuts
on the cut edge surface. As a result, the portion of the
sheet that is in contact with the second sub-corner 722 is
inclined appropriately and, during formation using the
second sub-corner 722, the plating layer 10a can be
moved more easily onto the cut edge surface. This pro-
vides a metallic member 16 having a cut edge surface
with improved corrosion resistance.

EXAMPLES

[0126] Now, the present invention will be described
more specifically with reference to examples. The pre-
sent invention is not limited to these examples.

[0127] For a surface-plated metal sheet, the behavior
ofthe plating layer during the working thereof by the press
tool 20 (FIG. 1) was analyzed by CAE. The used software
was LS-DYNA (registered trademark). FIG. 37 schema-
tically illustrates the distribution of the plating layer found
when the projecting portion 231 of the sheet holder 23
had been pushed into the surface-plated metal sheet,
calculated by CAE. The sheet thickness of the surface-
plated metal sheet being analyzed was 3.2 mm; the
plating thickness was not considered; and the push-in
depth S was 1.6 mm. The analysis was conducted while
the radius of curvature R7 (FIG. 2) of the corner 231a of
the projecting portion 231 of the sheet holder 23 was
varied, and the relationship between the radius of cur-
vature R1 and the distance of coating with plating (i.e.,
dimension of the area covered with the plating layer as
measured in the thickness direction of the surface-plated
metal sheet), d, was determined.

[0128] Theresultsare showninFIG. 38.FIG. 38 shows
that the larger the radius of curvature R17, the larger the
area covered with the plating layer.

[0129] Next, the press tool 20 (FIG. 1), press tool 30
(FIG. 10), and press tool 40 (FIG. 16) were used to
determine, through analysis by CAE, the proportion of
the cut edge surface coated with plating found when the
surface-plated metal sheethad been stamped. The sheet
thickness of the surface-plated metal sheet being ana-
lyzed was 3.2 mm, and the plating thickness was not
considered. The clearance CL (FIG. 1 etc.) was 0.1 mm.
[0130] The height h1 (FIG. 2) of the projecting portion
231 of the sheet holder 23 was 1.6 mm, and the radius of
curvature R1 of the corner 231a was 0.9 mm. Further, for
analysis of a simulation of the press tool 30 (FIG. 10), the
height h2 (FIG. 11) of the projecting portion 341 of the die
34 was 1.6 mm, and the radius of curvature R2of the
corner 341a was 0.9 mm. For analysis of a simulation of
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the press tool 40 (FIG. 16), the radius of curvature Rp1
(FIG. 17) of the first sub-corner 441 of the die 44 was 0.05
mm, the radius of curvature Rp2 of the second sub-corner
442 was 0.5 mm, the step height sh1was 0.5 mm, and the
width w1 was 0.5 mm. For a comparative example, a
press tool 20 (FIG. 1) was analyzed where the radius of
curvature R1 (FIG. 2) of the corner 231a of the projecting
portion 231 of the sheet holder 23 was 0 mm and other-
wise the same conditions as stated above applied.
[0131] Similarly to the analysis in FIG. 37, dots simu-
lating the plating layer were set on the sheet surface and
theirmovements were tracked to estimate the distance of
coating with plating. As shown in FIG. 39, in the cut edge
surface, the dimensions of the areas covered with the
plating layer as measured in the thickness direction of the
surface-plated metal sheet were denoted by d7 and d2,
respectively, and their sum d7+d2 was divided by the
sheet thickness T, ((d7+d2)/T), which was treated as the
proportion of coating with plating.

[0132] The results are shown in FIG. 40. FIG. 40 de-
monstrates thatthe use of the press tool 20, press tool 30,
or press tool 40 improved the proportion of coating with
plating over the use of the press tool of the comparative
example.

[0133] Although embodiments of the presentinvention
have been described, the above-described embodi-
ments are merely illustrative examples useful for carrying
out the present invention. Thus, the present invention is
not limited to the above-described embodiments, and the
above-described embodiments, when carried out, may
be modified as appropriate within the scope of the inven-
tion.

REFERENCE SIGNS LIST
[0134]

10: metal sheet (surface-coated metal sheet)
10a: plating layer (coating layer)

11, 12, 13, 14, 15, 16: metallic member
111, 121, 131: cut edge surface

111a, 121a, 131a: sheared surface
111b, 121b, 131b: recessed surface
111¢, 121c, 131c: fracture surface

111d, 131d: undercut

121d: second recessed surface

111e, 121e, 131e: undercut

121f: undercut

119, 129, 139, 149, 159, 169: remainder
20, 30, 40, 50, 60: press tool

21, 51: punch

22,62, 72: counter-pad

23, 53: sheet holder

231: projecting portion

231a: corner

24, 34, 44: die
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1. A method of manufacturing a metallic member by
using a press tool to stamp a metal sheet having front
and back faces covered with a coating layer,
the press tool including:

a punch;

a counter-pad located opposite to the punch, the
metal sheet being positioned between the
punch and the counter-pad;

a sheet holder located adjacent to the same side
of the metal sheet as the punch as determined
along a thickness direction of the sheet and
positioned to surround the punch along in-plane
directions of the metal sheet; and

a die located adjacent to the same side of the
metal sheet as the counter-pad as determined
along the thickness direction of the sheet and
positioned to surround the counter-pad along in-
plane directions of the metal sheet,

the sheet holder including a projecting portion at
aninner circumferential edge of a face facing the
metal sheet,

the projecting portion of the sheet holder includ-
ing a corner at an inner circumference, the cor-
ner having a radius of curvature R1,

the radius of curvature R1 being not smaller than
0.10 times a thickness of the metal sheet,

the manufacturing method comprising:

pushing the projecting portion of the sheet
holder into the metal sheet; and
moving the punch and the die closer to each
other to stamp the metal sheet.

2. The method of manufacturing a metallic member
according to claim 1, wherein:

the die includes a projecting portion at an inner
circumferential edge of a face facing the metal
sheet;

the projecting portion of the die includes a corner
at an inner circumference, the corner having a
radius of curvature R2; and

the radius of curvature R2is not smaller than
0.10 times the thickness of the metal sheet,
the manufacturing method further comprising:
during the pushing of the projecting portion of
the sheet holder into the metal sheet, pushing
the projecting portion of the die into the metal
sheet.

3. The method of manufacturing a metallic member
according to claim 1, wherein:

the die includes a double corner at an inner
circumference;
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the double corner includes:

a first sub-corner; and

a second sub-corner located farther from
the metal sheet than the first sub-corner is
as measured in the thickness direction of
the metal sheet, and located closer to the
counter-pad than the first sub-corner is as
measured in in-plane directions of the metal
sheet; and

the second sub-corner has a radius of cur-
vature Rp2 not smaller than 0.10 times the
thickness of the metal sheet.

4. A method of manufacturing a metallic member by
using a press tool to stamp a metal sheet having front
and back faces covered with a coating layer,
the press tool including:

a punch;

a counter-pad located opposite to the punch, the
metal sheet being positioned between the
punch and the counter-pad;

a sheet holder located adjacent to the same side
of the metal sheet as the punch as determined
along a thickness direction of the sheet and
positioned to surround the punch along in-plane
directions of the metal sheet; and

a die located adjacent to the same side of the
metal sheet as the counter-pad as determined
along the thickness direction of the sheet and
positioned to surround the counter-pad along in-
plane directions of the metal sheet,

the punch including a projecting portion at a
circumferential edge of a face facing the metal
sheet,

the projecting portion of the punch including a
corner at an outer circumference, the corner
having a radius of curvature R3,

the radius of curvature R3being not smaller than
0.10 times a thickness of the metal sheet,

the manufacturing method comprising:

pushing the projecting portion of the punch
into the metal sheet; and

moving the counter-pad and the sheet
holder closer to each other to stamp the
metal sheet.

5. The method of manufacturing a metallic member
according to claim 4, wherein:

the counter-pad includes a projecting portion at
a circumferential edge of a face facing the metal
sheet;

the projecting portion of the counter-pad in-
cludes a corner at an outer circumference, the
corner having a radius of curvature R4;
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the radius of curvature R4 is not smaller than
0.10 times the thickness of the metal sheet,
the manufacturing method further comprising:
during the pushing of the projecting portion of
the punch into the metal sheet, pushing the
projecting portion of the counter-pad into the
metal sheet.

6. The method of manufacturing a metallic member
according to claim 4, wherein:

the counter-pad includes a double corner at a
circumferential edge of a face facing the metal
sheet;

the double corner includes:

a first sub-corner;

a second sub-corner located farther from
the metal sheet than the first sub-corner is
as measured in the thickness direction of
the metal sheet, and located closer to die
than the first sub-corner is as measured in
in-plane directions of the metal sheet; and
the second sub-corner has a the radius of
curvature Rp4 not smaller than 0.10 times
the thickness of the metal sheet.

7. A press tool comprising:

a punch;

a counter-pad located opposite to the punch, a
metal sheet representing a workpiece being
positioned between the punch and the coun-
ter-pad;

a sheet holder located adjacent to the same side
of the metal sheet as the punch as determined
along a thickness direction of the sheet and
positioned to surround the punch along in-plane
directions of the metal sheet; and

a die located adjacent to the same side of the
metal sheet as the counter-pad as determined
along the thickness direction of the sheet and
positioned to surround the counter-pad along in-
plane directions of the metal sheet,

the sheet holder including a projecting portion at
aninner circumferential edge of a face facing the
metal sheet,

the projecting portion of the sheet holder includ-
ing a corner at an inner circumference, the cor-
ner having a radius of curvature R17,

the radius of curvature R7 being not smaller than
0.2 mm.

8. The press tool according to claim 7, wherein:

the die includes a projecting portion at an inner
circumferential edge of a face facing the metal
sheet;
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the projecting portion of the die includes a corner
at an inner circumference, the corner having a
radius of curvature R2; and

the radius of curvature R2is not smaller than 0.2
mm.

9. The press tool according to claim 7, wherein:

the die includes a double corner at an inner
circumference;
the double corner includes:

a first sub-corner;

a second sub-corner located farther from
the metal sheet than the first sub-corner is
as measured in the thickness direction of
the metal sheet, and located closer to the
counter-pad than the first sub-corner is as
measured in in-plane directions of the metal
sheet; and

the second sub-corner has a radius of cur-
vature Rp2 not smaller than 0.1 mm.

10. A press tool comprising:

a punch;

a counter-pad located opposite to the punch, a
metal sheet representing a workpiece being
positioned between the punch and the coun-
ter-pad;

a sheet holder located adjacent to the same side
of the metal sheet as the punch as determined
along a thickness direction of the sheet and
positioned to surround the punch along in-plane
directions of the metal sheet; and

a die located adjacent to the same side of the
metal sheet as the counter-pad as determined
along the thickness direction of the sheet and
positioned to surround the counter-pad along in-
plane directions of the metal sheet,

the punch including a projecting portion at a
circumferential edge of a face facing the metal
sheet,

the projecting portion of the punch including a
corner at an outer circumference, the corner
having a radius of curvature R3,

the radius of curvature R3being not smaller than
0.2 mm.

11. The press tool according to claim 10, wherein:

the counter-pad includes a projecting portion at
a circumferential edge of a face facing the metal
sheet;

the projecting portion of the counter-pad in-
cludes a corner at an outer circumference, the
corner having a radius of curvature R4; and
the radius of curvature R4 is not smallerthan 0.2
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mm.

12. The press tool according to claim 10, wherein:

the counter-pad includes a double corner at a
circumferential edge of a face facing the metal
sheet;

the double corner includes:

a first sub-corner;
a second sub-corner located farther from

the metal sheet than the first sub-corner is
as measured in the thickness direction of
the metal sheet, and located closer to the
die than the first sub-corner is as measured
inin-plane directions of the metal sheet; and
the second sub-corner has a radius of cur-
vature Rp4 not smaller than 0.1 mm.

13. Ametallicmemberformed by stamping a metal sheet
having front and back faces covered with a coating
layer, including a cut edge surface formed by the
stamping,
the cut edge surface including:

a sheared surface; and

a recessed surface represented by a curved
surface having a shape protruding inwardly with
respect to the member,

at least a portion of the recessed surface being
covered with the coating layer.

14. The metallic member according to claim 13, wherein:

the cut edge surface further includes an under-
cut contiguous to the recessed surface; and
notless than 50 % of a total area of the recessed
surface and the undercut is covered with the
coating layer.

15. The metallic member according to claim 13 or 14,
wherein:

the cut edge surface further includes a second
undercut contiguous to the sheared surface;
and

the sheared surface is located between the re-
cessed surface and the second undercut as
determined along a thickness direction of the
metallic member.

16. The metallic member according to claim 13 or 14,
wherein:

the cut edge surface further includes a second
recessed surface represented by a curved sur-
face having a shape protruding inwardly with
respect to the member, and a second undercut
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contiguous to the second recessed surface; and
the sheared surface is located between the re-
cessed surface and the second recessed sur-
face as determined along a thickness direction
of the metallic member.

17. The metallic member according to claim 13 or 14,
wherein an amount of sinking represented by a dis-
tance between a tangent to the sheared surface and
an inwardmost point on the recessed surface is 0.01
to 0.10 times a thickness of the metallic member.
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