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(57) A hole punching method capable of executing
hole punching with high material yield at a low load and
preventing occurrence of underfill is provided. The hole
punching method includes a step of expanding a hole
punching scheduled portion 2 of a raw material 1 dis-
posed in a cavity 12 of a closed die 11 by pressing the
hole punching scheduled portion 2 from opposite sides
thereof across the hole punching scheduled portion 2
with a pair of large diameter punch and small diameter
punch 13 and 15 different in diameter and arranged to
as to face each other so that unfilled portions remain in
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the cavity, a step of penetrating the small diameter punch
13 into the hole punching scheduled portion 2 of the raw
material 1 while releasing or after releasing pressuriza-
tion by the large diameter punch 15 to the hole opening
scheduled portion 2, and a step of penetrating the large
diameter punch 15 into the hole punching scheduled por-
tion 2 of the raw material 1 while pulling out or after pulling
out the small diameter punch 13 penetrated in the hole
punching scheduled portion 2 of the raw material 1 from
the hole punching scheduled portion 2 of the raw material
1.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a method and
an apparatus for hole punching for use in manufacturing
hole punched products, such as, e.g. , arms or connect-
ing rods for vehicles (e.g., automobiles, or railroad vehi-
cles).

BACKGROUND ART

[0002] Conventionally, in manufacturing hole punched
products by forging, from the viewpoint of die life and
safety, in place of directly executing hole punching of a
hole punching scheduled portion of a raw material, it is
common to initially form and shape the hole punching
scheduled portion of the raw material so that a thin wall
remains and then to remove the thin wall by, e.g., trim-
ming.

[0003] On the other hand, Japanese Unexamined
Laid-open Patent Publication No. H11-147157 discloses
a method in which a preform is roughly molded in a cavity
(molding space) of a closed die in one press cycle, then
a hole punching scheduled portion is forged with a punch
inserted in the closed die so that a thin material remains,
and lastly the remained material is removed by punching
processing with a punch (see Patent Document 1).
Patent Document 1: Japanese Unexamined Laid-open
Patent Publication No. H11-147157

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED

[0004] In the aforementioned conventional hole
punching method, the remained material is required to
be removed by punching after the full enclosed die forg-
ing, which requires a high forming load to prevent occur-
rence of underfill at the time of forging and results in low
yield of materials.

[0005] The presentinvention was made in view of the
aforementioned technical background, and aims to pro-
vide a hole punching method capable of executing hole
punching at a low load with high yield of materials and
further preventing occurrence of underfill, a hole punched
product obtained by the method, and a hole punching
apparatus for use in the aforementioned hole punching
method.

MEANS TO SOLVE THE PROBLEMS

[0006]
[0007]

The present invention has the following means.
[1] A hole punching method, comprising:

a step of expanding a hole punching scheduled por-
tion of a raw material disposed in a cavity of a closed
die by pressing the hole punching scheduled portion
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from opposite sides thereof across the hole punching
scheduled portion with a pair of large diameter punch
and small diameter punch different in diameter and
arranged so as to face each other so that unfilled
portions remain in the cavity;

a step of penetrating the small diameter punch into
the hole punching scheduled portion of the raw ma-
terial while releasing or after releasing pressurization
by the large diameter punch to the hole punching
scheduled portion; and

a step of penetrating the large diameter punch into
the hole punching scheduled portion of the raw ma-
terial while pulling out or after pulling out the small
diameter punch penetrated in the hole punching
scheduled portion of the raw material from the hole
punching scheduled portion of the raw material.

[0008] [2] The hole punching method as recited in the
aforementioned ltem 1, wherein a tip end portion of the
small diameter punch is formed into a tapered shape,
and wherein a peripheral surface of the tip end portion
of the small diameter punch is formed by plural stepped
taper surfaces arranged so as to decrease in taper angle
gradually stepwise toward the tip end portion of the small
diameter punch.

[0009] [3] The hole punching method as recited in the
aforementioned Item 2, wherein, when the number of
steps of the taper surfaces forming the peripheral surface
of the tip end portion of the small diameter punch is N
(N=2), a tip end portion of the large diameter punch is
formed into a tapered shape, and a peripheral surface of
the tip end portion of the large diameter punch is formed
by stepped taper surfaces whose step number is smaller
than N and arranged so as to decrease a taper angle
gradually stepwise toward the tip end portion of the large
diameter punch, or formed by a single step taper surface.
[0010] [4] The hole punching method as recited in any
one of the aforementioned Items 1 to 3, wherein the
closed die is provided with punch insertion holes each
forinserting each punch, each punch insertion hole being
communicated with the cavity, and

wherein, in a state in which each punch is inserted in the
corresponding punch insertion hole, gaps for receiving
excessive material of the hole punching scheduled por-
tion of the raw material from the cavity are formed be-
tween peripheral surfaces of the punches and peripheral
surfaces of the punch insertion holes.

[0011] [5] The hole punching method as recited in the
aforementioned Item 4, wherein a dam portion for pre-
venting the excessive material flowed into the gaps from
discharging to an outside is formed at the peripheral sur-
face of the punch so as to expand toward a radially out-
ward of the punch.

[0012] [6] The hole punching method as recited in any
one of the aforementioned Items 1 to 5, wherein, at the
step of expanding, the hole punching scheduled portion
is pressed from opposite sides thereof across the hole
punching scheduled portion with both the punches so
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that the tip ends of both the punches do not come into
contact with each other.

[0013] [7] The hole punching method as recited in any
one of the aforementioned ltems 1 to 6, wherein the raw
material is a bar shaped material in which an axial pre-
scribed portion of the raw material is defined as the hole
punching scheduled portion,

wherein the method further includes a diameter expand-
ing step of expanding the hole punching scheduled por-
tion of the raw material with an upsetting apparatus in
advance to the expanding step, the upsetting apparatus
being provided with a fixing die for securing the raw ma-
terial, the fixing die being connected to the closed die, a
guide having an insertion hole for inserting and holding
the hole punching scheduled portion of the raw material
in a buckling preventing state, and a pressure punch, and
the guide having a pair of diameter expansion preventing
protruded portions each protruded in an axial direction
of the guide and integrally formed at opposed portions
of the tip end portion of the guide across the insertion
hole,

wherein, at the diameter expansion step, the hole punch-
ing scheduled portion of the raw material secured to the
fixing die is disposed in the cavity and the hole punching
scheduled portion of the raw material is inserted and held
in the insertion hole of the guide, and then, the guide is
moved in a direction opposite to a moving direction of
the pressure punch while axially pressing the hole punch-
ing scheduled portion of the raw material with the pres-
sure punch by moving the pressure punch, to thereby
expand the hole punching scheduled portion of the raw
material exposed between the tip end portion of the guide
and the fixing die in the cavity in a state in which contact-
ing portions of the hole punching scheduled portion in
contact with the guide protruded portions are prevented
from being expanded in diameter, and

wherein, at the expanding step, the expanded hole
punching scheduled portion of the raw material is
pressed with both the punches from both sides of the
hole punching scheduled portion prevented in diameter
expansion by the guide protruded portions in a state in
which the hole punching scheduled portion expanded in
diameter is disposed in the cavity.

[0014] [8] A hole punched product obtained by the hole
punching method as recited in any one of the aforemen-
tioned ltems 1 to 7.

[0015] [9] A hole punching apparatus, comprising:

a closed die having a cavity; and

a pair of large diameter punch and small diameter
punch different in diameter and disposed at opposite
sides across a hole punching scheduled portion of
a raw material disposed in the cavity of the closed
die,

wherein the hole punching scheduled portion of the raw
material disposed in the cavity of the closed die is ex-
panded with both the punches by pressing the hole
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punching scheduled portion from opposite sides across
the hole punching scheduled portion,

then, while releasing or after releasing pressurization by
the large diameter portion to the hole punching scheduled
portion, the small diameter punch is penetrated into the
hole punching scheduled portion of the raw material,
thereafter, while pulling out or after pulling out the small
diameter punch penetrated in the hole punching sched-
uled portion of the raw material from the hole punching
scheduled portion, the hole punching scheduled portion
of the raw material is penetrated by the large diameter
punch.

[0016] [10] The hole punching apparatus as recited in
the aforementioned Item 9, wherein a tip end portion of
the small diameter punch is formed into a tapered shape,
and wherein a peripheral surface of the tip end portion
of the small diameter punch is formed by plural stepped
taper surfaces arranged so as to decrease in taper angle
gradually stepwise toward the tip end portion of the small
diameter punch.

[0017] [11] The hole punching apparatus as recited in
the aforementioned ltem 10, wherein, when the number
of steps of the taper surfaces forming the peripheral sur-
face of the tip end portion of the small diameter punch is
N (N=2), a tip end portion of the large diameter punch
is formed into a tapered shape, and a peripheral surface
ofthetip end portion of the large diameter punchis formed
by stepped taper surfaces whose step number is smaller
than N and arranged so as to decrease a taper angle
gradually stepwise toward the tip end portion of the large
diameter punch, or formed by a single step taper surface.
[0018] [12] The hole punching apparatus as recited in
any one of the aforementioned Items 9 to 11, wherein
the closed die is provided with punch insertion holes each
forinserting each punch, each punch insertion hole being
communicated with the cavity, and wherein, in a state in
which each punch is inserted in the corresponding punch
insertion hole, gaps for receiving excessive material of
the hole punching scheduled portion of the raw material
from the cavity are formed between peripheral surfaces
of the punches and peripheral surfaces of the punch in-
sertion holes.

[0019] [13] The hole punching apparatus as recited in
the aforementioned Item 12, wherein a dam portion for
preventing the excessive material flowed into the gaps
from discharging to an outside is formed at the peripheral
surface of the punch so as to expand toward a radially
outward of the punch.

[0020] [14] The hole punching apparatus as recited in
any one of the aforementioned Items 9 to 13, wherein
the raw material is a bar shaped material in which an
axial prescribed portion of the raw material is defined as
the hole punching scheduled portion,

wherein the apparatus further includes an upsetting ap-
paratus for expanding the hole punching scheduled por-
tion of the raw material before expanding the hole punch-
ing scheduled portion of the raw material,

wherein the upsetting apparatus is provided with a fixing
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die for securing the raw material, the fixing die being con-
nected to the closed die, a guide having an insertion hole
for inserting and holding the hole punching scheduled
portion of the raw material in a buckling preventing state,
and a pressure punch for axially pressing the hole punch-
ing scheduled portion of the raw material inserted in the
insertion hole of the guide, and a punch driving apparatus
for moving the guide in a direction opposite to a moving
direction of the pressure punch, the guide having a pair
of diameter expansion preventing protruded portions
each protruded in an axial direction of the guide and in-
tegrally formed at opposed portions of the tip end portion
of the guide across the insertion hole, and

wherein a part of a peripheral surface of the hold punch-
ing scheduled portion is brought into contact with side
surfaces of the protruded portions of the guide at the time
of expanding the hole punching scheduled portion of the
raw material to thereby prevent a contacting portion of
the hole punching scheduled portion in contact with the
protruded portions from being expanded.

EFFECTS OF THE INVENTION

[0021] The presentinvention has the following effects.
[0022] According to the invention as recited in the
aforementioned ltem [1], the hold punching scheduled
portion of the raw material disposed within the cavity of
the closed die is pressed from the opposite sides thereof
across the hold punching scheduled portion with the pair
of large and small diameter punches to expand the hole
punching scheduled portion so that unfilled portions re-
main in the cavity. Therefore, the hole punching sched-
uled portion can be expanded within the cavity at a low
load.

[0023] Furthermore, a hole can be formed by a rela-
tively small load since a small diameter hole is opened
in the hole punching scheduled portion by penetrating
the small diameter punch into the hole punching sched-
uled portion of the raw material. Furthermore, the pene-
tration operation of the small diameter punch causes the
material of the hole punching scheduled portion of the
raw material to be filled in the unfilled portions located at
the penetration front side of the small diameter punch
among the unfilled portions in the cavity.

[0024] Furthermore, since the small diameter hole can
be expanded by penetrating the large diameter punch
into the small diameter hole formed in the hole punching
scheduled portion of the raw material to thereby form a
large diameter hole in the hole punching scheduled por-
tion, the hole can be opened at a relatively low load. Fur-
thermore, the penetration operation of the large diameter
punch causes the material of the hole punching sched-
uled portion of the raw material to be filed in the unfilled
portions located at the penetration front side of the large
diameter punch among the unfilled portions in the cavity.
Consequently, almost all of the unfilled portions in the
cavity disappear and the entire cavity is filled with the
material, which in turn prevents occurrence of undefrfill.
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[0025] The hole punching method of this invention is
not a method in which a hole is formed by punching and
removing the material of the hole punching scheduled
portion of the raw material, and therefore the yield of ma-
terial is high.

[0026] According to the invention as recited in the
aforementioned ltem [2], the tapered tip end portion of
the small diameter punch enables penetration of the hole
punching scheduled portion of the raw material at a low
load. Furthermore, since the peripheral surface of the tip
end portion of the small diameter punch is formed by
plural stepped taper surfaces arranged so as to decrease
in taper angle gradually stepwise toward the tip of the
small diameter punch, the forming load can be adjusted
to a prescribed value by setting the plural stepped taper
angles of the small diameter punch. Furthermore, the
penetration operation of the small diameter punch ena-
bles an effective radially outward expansion of the hole
punching scheduled portion of the raw material, which
enables assured filling of the material of the hole punch-
ing scheduled portion of the raw material in the unfilled
portions located at the penetration front side of the small
diameter punch among the unfilled portions in the cavity.
[0027] According to the invention as recited in the
aforementioned Item [3], the tapered tip end portion of
the large diameter punch enables penetration of the large
diameter punch into the hole punching scheduled portion
of the raw material at a low load. Furthermore, since the
peripheral surface of the tip end portion of the large di-
ameter punch is formed by tapered surfaces with the
number of steps fewer than N, the tapered surfaces being
arranged so as to decrease the taper angle gradually
stepwise toward the tip end of the large diameter portion,
or formed by a single step of a taper surface, the forming
load can be adjusted to a prescribed value. And, the pen-
etration operation of the large diameter punch enables
effective radially outward expansion of the hole punching
scheduled portion of the raw material, thereby enabling
assured filling of the material of the hole punching sched-
uled portion of the material in the unfilled portions located
at the penetration front side of the large diameter punch
among the unfilled portions in the cavity.

[0028] According to the invention as recited in the
aforementioned Item [4], in the state where each punch
is inserted in the corresponding punch insertion hole, a
gap for receiving excessive material of the hole punching
scheduled portion of the raw material from the cavity is
formed between the peripheral surface of the punch and
the peripheral surface of the punch insertion hole. There-
fore, the material of the hole punching scheduled portion
of the raw material can be filled in the unfilled portion in
the cavity at a relatively low load.

[0029] According to the invention as recited in the
aforementioned Item [5], the excessive material can be
prevented from flowing out of the closed die.

[0030] According to the invention as recited in the
aforementioned Item [6], occurrence of breakages and/or
damages of the punch tip end portions, which may occur
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due to the contact of the tips of the punches, can be
prevented.

[0031] According to the invention as recited in the
aforementioned ltem [7], in the case where the hole
punching scheduled portion of the raw material is ex-
panded in diameter beforehand and then hole punching
is executed to the hole punching scheduled portion, these
processing can be performed effectively.

[0032] According to the invention as recited in the
aforementioned Item [8], a hole punched product with no
or almost no underfill can be obtained.

[0033] According to the invention as recited in the
aforementioned Item [9] to [14], a hole punching appa-
ratus which can be preferably used for the hole punching
method of the present invention can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] Fig. 1isan exploded perspective view of a hole
punching apparatus according to an embodiment of the
present invention.

Fig. 2 is a cross-sectional perspective view of the hole
punching apparatus in the state before expanding the
hole punching scheduled portion of the raw material with
the hole punching apparatus.

Fig. 3 is a horizontal cross-sectional view of the hole
punching apparatus in the state shown in Fig. 2.

Fig. 4 is a cross-sectional view taken along the line A-A
in Fig. 2.

Fig. 5 is a cross-sectional perspective view of the hole
punching apparatus in the middle of expanding the hole
punching scheduled portion of the raw material with the
hole punching apparatus.

Fig. 6 is a horizontal cross-sectional view of the hole
punching apparatus in the state shown in Fig. 5.

Fig. 7 is a cross-sectional perspective view of the hole
punching apparatus in the state after expanding the hole
punching scheduled portion of the raw material with the
hole punching apparatus.

Fig. 8 is a horizontal cross-sectional view of the hole
punching apparatus in the state shown in Fig. 7.

Fig. 9 is a cross-sectional view taken along the line B-B
in Fig. 7.

Fig. 10 is a cross-sectional view of the hole punching
apparatus in the state in which the hole punching sched-
uled portion of the raw material was expanded with the
hole punching apparatus.

Fig. 11 is a cross-sectional view of the hole punching
apparatus in the state in which the hole punching sched-
uled portion of the raw material was penetrated by a small
diameter punch with the hole punching apparatus.

Fig. 12 is a cross-sectional view of the hole punching
apparatus in the state in which the hole punching sched-
uled portion of the raw material was penetrated by a large
diameter punch with the hole punching apparatus.

Fig. 13 is a perspective view of the punched member
obtained by the hole punching apparatus.
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EXPLANATION OF THE NUMERALS

[0035]
1... raw material
2... hole punching scheduled portion
3... hole

6... hole punched product (preform)
10... hole punching apparatus

11... closed die

12... cavity

13... small diameter punch

14... tip end portion

15... large diameter punch

16... tip end portion

17... punch insertion hole

18... gap

19... slide groove portion

20... upsetting apparatus

21... fixing die

22... guide

23... insertion hole

24... diameter expansion preventing protruded por-
tion

24a... side surface

25... pressure punch

27... guide moving direction

28... pressure punch moving direction
30... punch driving apparatus

32... guide driving apparatus

33... pressure punch driving apparatus
M... unfilled portion

BEST MODE FOR CARRYING OUT THE INVENTION

[0036] Next, an embodiment of the present invention
will be explained below with reference to the attached
drawings.

[0037] In Fig. 1, "10" denotes a hole punching appa-
ratus according to this embodiment, and "1" denotes a
raw material. Furthermore, in Fig. 13, "6" denotes a hole
punched product (hole punched article) manufactured
with the hole punching apparatus 1. This hole punched
product 6 is used as a preform for manufacturing arms
for vehicles, such as, e. g. , automobiles or railroad ve-
hicles.

[0038] As shown in Fig. 1, the raw material 1 is a
straight bar-shaped member made of, e.g., aluminum (in-
cluding its alloy). The raw material 1 is circular in cross-
section and constant in cross-sectional area along the
axial direction.

[0039] In the present invention, the quality of material
of the raw material 1 is not limited to aluminum, and can
be metal, such as, e.g., brass, copper, or stainless steel,
or plastic. Moreover, the cross-sectional configuration of
the raw material 1 is not limited to a circle configuration,
and can be a polygonal configuration, such as, e. g., a
square configuration or a hexagonal configuration.
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[0040] The hole punching scheduled portion 2 of this
raw material 1 is located at each of the axial end portions
of the raw material 1. More specifically, it is located at
both end portions of the raw material 1. In other words,
both the end portions of the raw material 1 are defined
as hole punching scheduled portions 2. Each of the hole
punching scheduled portions 2 of the raw material 1 is
expanded into an approximate circular plate shape, and
thereafter the expanded hole punching scheduled por-
tion is punched to thereby obtain a hole punched product
6 as shown in Fig. 13.

[0041] In this hole punched product 6, the portion to
which hole punching was executed, i.e., a hole punched
portion 5, corresponds to a connecting portion to be con-
nected with other component of an arm for vehicles. The
hole 3 formed in this hole punched portion 5 corresponds
to, e. g. , a bush mounting hole. This hole 3 is penetrated
in the thickness direction of the hole punching scheduled
portion 2 expanded into a circular plate shape, and is
circular in cross-sectional configuration.

[0042] In this hole punched product 6, for example,
each hole punched portion 5 is 70 mm in diameter, 24
mm in thickness, the hole 3 is 30 mm in diameter, and
the length between the hole punched portions 5 and 5 is
300 mm. The raw material 1 is 18 mm in diameter. In the
present invention, however, the dimension of each por-
tion of the punched product 6 and the diameter of the
raw material 1 are not limited to the above-mentioned
dimension. For example, the dimension of each portion
and the diameter of the raw material 1 can be set so that
the purpose of the present invention can be attained in
accordance with the manufacture of the punched product
6, such as, e.g., an arm for vehicles (e.g., cars, orrailroad
vehicles), or a connecting rod.

[0043] The hole punching apparatus 10 of this embod-
iment is for forming a hole 3 in the hole punching sched-
uled portion 2 of the raw material 1, and, as shown in Fig.
1, is equipped with a closed die 11 (closed die assembly),
two pairs of punches 13 and 15 (i.e., hole punches), a
punch driving apparatus 30 for moving each punch 13
and 15, and an upsetting apparatus 20.

[0044] The closed die 11 has two cavities 12 and 12
each for forming each hole punching scheduled portion
2 of the raw material 1 into a prescribed configuration
(i.e., a circular plate). Both the cavities 12 and 12 are
disposed apart from each other in the axial direction of
the closed die 11. Furthermore, this closed die 11 is di-
vided into two pieces, or upper and lower pieces, along
the axial direction.

[0045] In the cavities 12 of the closed die 11, the hole
punching scheduled portions 2 of the raw material 1 are
to be placed.

[0046] The pair of punches 13 and 15 are formed into
a circular configuration in cross-section, respectively.
Each punch 13 and 15 is for forming a hole 3 in the cor-
responding hole punching scheduled portion 2 of the raw
material 1. Both the punches 13 and 15 are different in
diameter. Both the punches 13 and 15 are disposed so

10

15

20

25

30

35

40

45

50

55

astoface each other across the hole punching scheduled
portion 2 of the raw material 1 placed in the cavity 12. In
other words, both the punches 13 and 15 are placed so
as to face each other at opposite sides across the cavity
12. In this embodiment, the punches 13 and 15 are ver-
tically faced each other.

[0047] In this specification, among both the punches
13 and 15, the punch having a larger diameter will be
referred to as "large diameter punch 15," and the punch
having a smaller diameter will be referred to as "small
diameter punch 13."

[0048] The diameter of the large diameter punch 15 is
set to the same diameter as the diameter of the pre-
scribed hole 3. On the other hand, the diameter of the
small diameter punch 13 is set to a diameter smaller than
the diameter of the large diameter punch 15, and is de-
cided by calculation depending on various conditions,
such as, e.g., the ability of the punch driving apparatus
30 for driving the small diameter punch 13, the stroke of
the small diameter punch 13 required for punching the
hole punching scheduled portion 2, or the taper angle of
the peripheral surface of the tip end portion of the small
diameter punch 13. For example, the diameter of the
small diameter punch 13 is set so as to fall within the
range of 0.4 times or more of the diameter of the large
diameter punch 15 and less than 1 time of the diameter
of the larger diameter punch 15 (preferably, from 0.66 to
0.95 times). In the present invention, however, the diam-
eter of the small diameter punch 13 is not necessarily
required to fall within the aforementioned range.

[0049] The tip end portion 14 of the small diameter
punch 13 is formed into a tapered shape as shown in Fig.
4. Furthermore, the peripheral surface of the tip end por-
tion 14 of the small diameter punch 13 is formed by plural
stepped taper surfaces 14a and 14b gradually decreas-
ing stepwise in taper angle o1 and o2 toward the tip end
of the small diameter punch 13. In this embodiment, the
number of steps of the taper surfaces 14a and 14b is
two. Therefore, among these taper angles o1 and 02 of
these taper surfaces 14a and 14b, the taper angle a1 of
the first step counted from the tip end of the small diam-
eter punch 13 and the taper angle o2 of the second step
counted therefrom are set to a1<a2.

[0050] The tip end portion 16 of the large diameter
punch 15 is formed into a tapered shape. For conven-
ience of explanation, it is assumed that the number of
steps of the taper surfaces 14a and 14b forming the pe-
ripheral surface of the tip end portion 14 of the small
diameter punch 13is N (N=2). In this case, the peripheral
surface of the tip end portion 16 of the large diameter
punch 15 is formed by taper surfaces having the number
of steps smaller than N and arranged so that the taper
angle decreases gradually stepwise toward the tip end
of the large diameter punch 15. In this embodiment, since
N=2, the peripheral surface of the tip end portion 16 of
the large diameter punch 15 is formed by a single step
taper surface 16a. "B1" denotes a taper angle of this taper
surface 16a.
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[0051] In the present invention, "N" is not limited to 2
(N=2), and can be, for example, 3, 4 or 5, as long as
N=2. Furthermore, the number of steps of the taper sur-
face 16a forming the peripheral surface of the tip end
portion 16 of the large diameter punch 15 is not limited
to one, and can be, for example, 1 or 2 in the case of
N=3, 1 to 3 in the case of N=4, or 1 to 4 in the case of
N=5, as long as the number of steps is smaller than N.
[0052] In this specification, the taper angle a1, o2 or
B 1 of the taper surface 14a, 14b or 16a denotes an angle
of the taper surface 14a, 14b or 16a to the axis of the
punch 13 or 15.

[0053] The tip end face of each punch 13 and 15 is
formed into a flat configuration. In the present invention,
however, it is not limited that the tip end face of each
punch 13 and 15 is formed into a flat configuration, and
can be formed into, for example, a convex configuration.
[0054] Both the punches 13 and 15 are connected to
punch driving apparatuses 30, respectively. It is config-
ured such that the operation of the punch driving appa-
ratus 30 causes frontward and backward movements of
the corresponding punch 13 and 15, or the punch 13 and
15 can be advanced into and retreated from the cavity 12.
[0055] The punch driving apparatus 30 is configured
to give driving force to the punch 13 and 15 by, e.g.,
machine cams using a pressing machine, fluid pressure
(e.g., oil pressure, or gas pressure), or an electric motor.
[0056] Punch insertion holes 17 and 17 each for fitting
the corresponding punch 13 and 15 are formed in the
opposite portions (upper and lower portions in this em-
bodiment) of the closed die 11 facing across the cavity
12 so as to communicate with the cavity 12. Each punch
13and 15isinsertedinthe corresponding punchinsertion
hole 17 and 17 in a vertically movable manner. In this
state, as shown in Fig. 4, a gap 18 and 18 is formed
between the peripheral surface of each punch 13 and 15
and the peripheral surface of each punch insertion hole
17 and 17 (the so-called clearance between the punch
13 and 15 and the punch insertion hole 17 and 17) along
the entire periphery of each punch 13 and 15 in the pe-
ripheral direction thereof. Excessive material (the so-
called excess metal) 2a of the hole punching scheduled
portion 2 of the raw material 1 flows into this gap 18 from
the cavity 12 (see Fig. 11 and Fig. 12). The excessive
material 2 flowed into this gap 18 will remain at the pe-
riphery of the hole 3 as burrs.

[0057] Atthe peripheral surface of each punch 13 and
15, a dam portion 13a and 15b for preventing the exces-
sive material 2a flowed into the gap 18 from being flowed
out of the closed die 11 is integrally formed radially out-
wardly along the entire periphery of the punch 13 and 15.
[0058] The upsettingapparatus 20 is for simultaneous-
ly expanding both the hole punching scheduled portions
2 and 2 of the raw material 1.

[0059] This upsetting apparatus 20 is equipped with,
as shown in Figs. 1 to 3, a fixing die 21 for fixing the raw
material 1, the fixing die 21 being connected to the closed
die 11, two guides 22 and 22, two pressure punches 25
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and 25 (i.e. , upsetting punches), two guide driving ap-
paratuses 32 and 32, and two pressure punch driving
apparatuses 33 and 33.

[0060] The fixing die 21 consists of a portion of the
closed die 11 located between both the cavities 12 and
12, and is integrally formed with the closed die 11. The
fixing die 21 is divided into upper and lower halves along
the axial direction. The divided members of the closed
die 11 and the fixing die 21 are held by a die holding
member (not illustrated) in a mutually assembled man-
ner, so that the closed die 11 and fixing die 21 cannot be
disassembled unexpectedly. Inthe presentinvention, the
closed die 11 and the fixing die 21 can be separated
members.

[0061] The fixing die 21 is for securing the raw material
1 so as not to move in the axial direction unexpectedly
at the time of the diameter expansion. The fixing die 21
is provided with a raw material fixing insertion hole 21a
for securing an axial intermediate portion 4 of the raw
material 1 as a non-hole punching scheduled portion in
a fitted manner. The insertion hole 21a is extended in an
axial direction of the fixing die 21 and communicated with
both the cavities 12 and 12. When the axial intermediate
portion 4 of the raw material 1 is fitted in the raw material
fixing insertion hole 21a, the raw material 1 is immovably
secured in the axial direction, and the diameter expan-
sion and buckling of the axial intermediate portion 4 of
the raw material 1 are prevented.

[0062] The two guides 22 and 22 are the same in struc-
ture. Each guide 22 has an insertion hole 23 for fitting
and holding the corresponding hole punching scheduled
portion 2 of the raw material 1 in a buckling preventing
state. This insertion hole 23 is extended in the axial di-
rection of the guide 20 and penetrated in the guide 20.
The diameter of this insertion hole 23 is set to a size
capable of closely fitting and axially slidably inserting the
hole punching scheduled portion 2 of the raw material 1.
[0063] A pair of diameter expansion preventing pro-
truded portions 24 are integrally protruded from the tip
end portion of the guide 22 in the axial direction of the
guide 22, so that the protruded portions 24 are moved
together with the guide 22 in accordance with the move-
ment of the guide 22. A part of the peripheral surface of
the hole punching scheduled portion 2 of the raw material
1 inserted in the insertion hole 23 of the guide 22 comes
into contact with the side surface 24a of each protruded
portion 24 facing to the insertion hole 23 at the time of
expanding the hole punching scheduled portion 2, where-
by the expansion of the contacting portion of the hole
punching scheduled portion 2 in contact with the protrud-
ed portion 24 is controlled.

[0064] On the other hand, on the upper and lower sur-
faces of the cavity 12 of the closed die 11, a slide groove
portion 19 extended in the axial direction of the closed
die 11 is formed, respectively, so that the protruded por-
tion 24 of the guide 22 is slidably inserted in this slide
groove portion 19 in the axial direction of the closed die
16.
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[0065] Furthermore, the side surface 24a of the pro-
truded portion 24 of the guide 22 with which a part of the
peripheral surface of the hole punching scheduled por-
tion 2 of the raw material 1 comes into contact is formed
into a surface corresponding to the peripheral surface
configuration of the hole punching scheduled portion 2
where the raw material is expanded in diameter. In the
state in which the protruded portion 24 is inserted in the
slide groove portion 19, the side surface 24a of the pro-
truded portion 24 is flush with the upper or lower surface
of the cavity 12. In this embodiment, the side surface 24a
of this protruded portion 24 is formed into a flat configu-
ration corresponding to the surface of the circle configu-
ration of the thickness direction both sides of the hole
punching scheduled portion 2 expanded into an approx-
imately circular plate.

[0066] Furthermore, each guide 22 is divided into two
pieces, i.e., upper and lower pieces, divided by a dividing
plane longitudinally dividing the insertion hole 23. The
divided members of each guide 22 are held by a guide
holding member (not illustrated) in a mutually assembled
manner, so that the guide 22 is not disassembled unex-
pectedly.

[0067] Each pressure punch 25 is for axially pressu-
rizing a corresponding hole punching scheduled portion
2 of the raw material 1. Both the pressure punches 25
and 25 are disposed at the axial both end portions of the
raw material 1 so as to face each other.

[0068] Each pressure punch driving apparatus 33 is
for moving each pressure punch 25 in the axial direction
of the raw material 1 to thereby give driving force for
pressurizing the hole punching scheduled portion 2 of
the raw material 1 to the pressure punch 25. Each pres-
sure punch driving apparatus 33 is connected to the cor-
responding pressure punch 25. The pressure punch driv-
ing apparatus 33 is configured to give driving force to the
pressure punch 25 with machine cams using, e.g., a
pressing machine, fluid pressure (e.g., oil pressure, gas
pressure), or electric motors.

[0069] Each guide driving apparatus 32 is for moving
each guide 22 in a direction 27 opposite to the moving
direction 28 of the corresponding pressure punch 25 (i.e.,
in the pressurizing direction to the raw material hole
punching scheduled portion 2 by the pressure punch 25)
(see Fig. 6). Each guide driving apparatus 32 is connect-
ed to the corresponding guide 22. The guide driving ap-
paratus 32 is configured to give driving force to the guide
22 with machine cams or fluid pressure using, e.g., press-
ing machines (e.g., oil pressure or gas pressure), electric
motors, or springs.

[0070] Now, a hole punching method using the afore-
mentioned hole punching apparatus 10 will be explained
below.

[0071] Initially, as shown in Figs. 2 to 7, each hole
punching scheduled portion 2 of the raw material 1 is
preliminarily expanded in diameter by the upsetting ap-
paratus 20 of the hole punching apparatus 10 [DIAME-
TER EXPANSION STEP]. In this embodiment, both the
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hole punching scheduled portions 2 and 2 of the raw ma-
terial 1 will be simultaneously expanded in diameter.
[0072] This diameter expansion method will be ex-
plained below.

[0073] As shown in Figs. 2 to 4, by fitting the axial in-
termediate portion 4 which is a non-hole punching sched-
uled portion of the raw material 1 in the raw material fixing
insertion hole 21a of the fixing die 21, the raw material 1
is secured to the fixing die 21 so that the raw material 1
cannot be unexpectedly moved in the axial direction while
disposing each hole punching scheduled portion 2 of the
raw material 1 in the corresponding cavity 12. In this em-
bodiment, the hole punching scheduled portion 2 of the
raw material 1 is placed in the cavity 12 in a penetrated
manner. Therefore, only the portions of the hole punching
scheduled portion 2 of the raw material 1 near the axial
intermediate portion of the raw material 1 are placed in
the cavities 12, and the end portions of the hole punching
scheduled portions 2 are placed so as to protrude from
the cavities 12.

[0074] Furthermore, each hole punching scheduled
portion 2 of the raw material 1 is inserted in the corre-
sponding insertion hole 23 of the guide 22 to thereby hold
each hole punching scheduled portion 2 in a buckling
preventing state. Furthermore, the corresponding pro-
truded portion 24 of the guide 22 is inserted into each
slide groove portion 19 of the closed die 11. In this state,
the opposing portions of the peripheral surface of each
hole punching scheduled portion 2 of the raw material 1
are in contact with the side surfaces 24a and 24a of both
the protruded portions 24 and 24 of the guide 22.
[0075] Next, as shown in Figs. 5 and 6, while simulta-
neously axially pressurizing the hole punching scheduled
portions 2 and 2 of the raw material 1 with the corre-
sponding pressure punches 25 and 25 by moving both
the pressure punches 25 and 25 by simultaneously op-
erating both the pressure punch driving apparatuses 33
and 33, both the guides 22 and 22 are simultaneously
moved in a direction 27 opposite to the moving direction
28 of the corresponding pressure punch 25 by simulta-
neously operating both the guide driving apparatuses 32
and 32. With this, a part of the peripheral surface of the
hole punching scheduled portion 2 of the raw material 1
exposed between the tip end portion of each guide 22
and the fixing die 21 is brought into contact with the side
surfaces 24a and 24a of the protruded portions 24 of the
guide 22 and therefore the contacting portion of the hole
punching scheduled portion 2 in contact with the guide
protruded portions 24a and 24a is prohibited from being
expanded in diameter. In this diameter expansion re-
stricted state, the hole punching scheduled portion 2 (in
detail, the portion other than the contacting portion of the
peripheral surface of the hole punching scheduled por-
tion 2 in contact with the guide protruded portions 24) will
be expanded in the cavity 12.

[0076] Inthe presentinvention, the traveling speed of
the pressure punch 25 and the traveling speed of the
guide 22 are set depending on the diameter expansion
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designed shape of the hole punching scheduled portion
2 of the raw material 1. Such traveling speed can be
constant or variable.

[0077] In accordance with the movement of the pres-
sure punch 25 andthe guide 22, the hole punching sched-
uled portion 2 of the raw material 1 is gradually expanded
in the cavity 12 and the material of the hole punching
scheduled portion 2 is filed in the cavity 12 in a state in
which the contacting portions of the hole punching sched-
uled portion 2 in contact with the guide protruded portions
24 and 24 are restricted from being expanded in diame-
ter.

[0078] AsshowninFigs.7to9, wheneach hole punch-
ing scheduled portion 2 of the raw material 1 is expanded
into a prescribed configuration, the movements of the
pressure punches 25 and the guides 22 are terminated.
At this time, there remains a portions not filled with the
material of the hole punching scheduled portion 2 of the
raw material 1, i.e. , unfilled portions M, in the cavity 12.
In this state, the hole punching scheduled portion 2 of
the raw material 1 has been expanded into an approxi-
mately circular shape only in the widthwise directions,
almost not in the thickness direction.

[0079] Both the hole punching scheduled portions 2
and 2 of the raw material 1 are expand in diameter as
mentioned above.

[0080] Next, as shown in Fig. 10, hole punching is ex-
ecuted to each hole punching scheduled portion 2 formed
by expanding the raw material 1 according to the follow-
ing procedures.

[0081] Without removing each expanded hole punch-
ing scheduled portion 2 of the raw material 1 from the
cavity 12, or in a state in which each expanded hole
punching scheduled portion 2 remains in the cavity 12,
the small diameter punch 13 and the large diameter
punch 15 are simultaneously advanced into the cavity 12
by operating the punch driving apparatuses 30 and 30.
With this, both the punches 13 and 15 simultaneously
press the hole punching scheduled portion 2 from the
opposite sides across the hole punching scheduled por-
tion 2 so that the tip ends of both the punches 13 and 15
do not come into contact with each other. In this embod-
iment, both the punches 13 and 15 press the hole punch-
ing scheduled portion 2 from the expansion restriction
direction sides of the hole punching scheduled portion 2
by the protruded portions 24 and 24 of the guide 22 (i.e.,
both thickness sides of the hole punching scheduled por-
tion 2). Thus, as shown in Fig. 10, the tip end portions
14 and 16 of both the punches 13 and 15 are pressed
into the hole punching scheduled portion 2 to thereby
expand the hole punching scheduled portion 2 within the
cavity 12 [EXPANDING STEP].

[0082] At this expanding step, however, as shown in
this figure, portions in the cavity 12 where the material
of the hole punching scheduled portion 2 is not filled, i.
e. , unfilled portions M, remain in the state where the hole
punching scheduled portion 2 of the raw material 1 has
been extended.
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[0083] At this expanding step, it is preferable to simul-
taneously press the hole punching scheduled portion 2
with both the punches 13 and 15. If the pressurization of
the hole punching scheduled portion 2 with both the
punches 13 and 15 is not performed simultaneously, the
inflow amount of the material of the hole punching sched-
uled portion 2 into the gaps 18 and 18 between the pe-
ripheral surfaces of the punches 13 and 15 and the pe-
ripheral surfaces of the punch insertion holes 17 and 17
increases, which may cause deterioration of the material
yield. In the present invention, however, it is not always
required to simultaneously perform the pressurization of
the hole punching scheduled portion 2 with both the
punches 13 and 15.

[0084] Subsequently, as shown in Fig. 11, while re-
leasing the pressurization to the hole punching sched-
uled portion 2 of the raw material 1 with the large diameter
punch 15 by retreating the large diameter punch 15 from
the cavity 12, the tip end portion 14 of the small diameter
punch 13 is pressed into the hole punching scheduled
portion 2 more deeply to penetrate the small diameter
punch 13 into the hole punching scheduled portion 2 in
the thickness direction [PENETRATION STEP BY
SMALL DIAMETER PUNCH 13]. Consequently, a small
diameter through-hole 3a corresponding to the diameter
of the small diameter punch 13 is formed in the hole
punching scheduled portion 2. In the present invention,
the small diameter punch 13 can penetrate the hole
punching scheduled portion 2 after releasing the pres-
surization to the hole punching scheduled portion 2 of
the raw material 1 by the large diameter punch 15.
[0085] The penetration operation of the small diameter
punch 13 into the hole punching scheduled portion 2
causes the excessive material 2a of the hole punching
scheduled portion 2 to be flowed into the gaps 18 and 18
between the peripheral surfaces of the punches 13 and
15 and the peripheral surfaces of the punch insertion
holes 17 and 17 from the inside of the cavity 12. This
inflow excessive material 2a cause burrs. Furthermore,
the inflow excessive material 2a is dammed by the dam
portions 13a and 15a to thereby prevent the discharge
of the excessive material 2a to the outside. Furthermore,
in accordance with the penetration operation of this small
diameter punch 13, among the unfilled portions M in the
cavity 12, the front side unfilled portion M1 located at the
front side of the penetration direction of the small diam-
eter punch 13 will be filled with the material of the hole
punching scheduled portion 2 of the raw material 1.
[0086] Next, as shown in Fig. 12, while pulling out the
small diameter punch 13 penetrated in the hole punching
scheduled portion 2 by retreating the small diameter
punch 13 from the cavity 12, the tip end portion 16 of the
large diameter punch 15 is pressed into the small diam-
eter hole 3a formed in the hole punching scheduled por-
tion 2 to thereby penetrate the large diameter punch 15
in the hole punching scheduled portion 2 [PENETRA-
TION STEP BY LARGE DIAMETER PUNCH 15]. With
this, the small diameter hole 3a is expanded, which in
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turn can form a desired large diameter hole 3 correspond-
ing to the diameter of the large diameter punch 15 in the
hole punching scheduled portion 2. In the present inven-
tion, the penetration of the large diameter punch 15 into
the hole punching scheduled portion 2 can be performed
after pulling out the small diameter punch 13 from the
hole punching scheduled portion 2.

[0087] The penetration operation of the large diameter
punch 15 into the hole punching scheduled portion 2
causes the excessive material 2a of the hole punching
scheduled portion 2 to flow into the gaps 18 and 18 be-
tween the peripheral surfaces of punches 13 and 15 and
the peripheral surfaces of the punch insertion holes 17
and 17 from the inside of the cavity 12. The inflow ex-
cessive material 2a cause burrs. Furthermore, the inflow
excessive material 2a is dammed by the dam portions
13aand 15a of the punches 13 and 15 to thereby prevent
the discharge of the excessive material 2a to the outside.
Furthermore, in accordance with the penetration opera-
tion of this large diameter punch 15, among the unfilled
portions M in the cavity 12, the front side unfilled portion
M2 located at the front side of the penetration direction
of the large diameter punch 15 will be filled with the ma-
terial of the hole punching scheduled portion 2 of the raw
material 1. Consequently, all of the unfilled portions M in
the cavity 12 disappear, and the entire cavity 12 is filled
with the material.

[0088] Next, the large diameter punch 15 is retreated
from the cavity 12 to pull out the large diameter punch
15 penetrated in the hole punching scheduled portion 2
from the hole punching scheduled portion 2.

[0089] Next, the closed die 11 and the fixing die 21 are
disassembled to remove the raw material 1 from the in-
side of the cavity 12. Thereafter, burrs 2a formed on the
periphery of the hole 3 are removed as need arises to
obtain a prescribed hole punched product (preform) as
shown in Fig. 13.

[0090] Thus, in the hole punching method of the afore-
mentioned embodiment, the hold punching scheduled
portion 2 of the raw material 1 disposed within the cavity
12 of the closed die 11 is pressed from the opposite sides
thereof across the hold punching scheduled portion 2
with the pair of large and small diameter punches 13 and
15 to expand the hole punching scheduled portion 2 so
that unfilled portions M remain in the cavity 12. Therefore,
the hole punching scheduled portion 2 can be expanded
within the cavity 12 at a low load.

[0091] Furthermore, a hole 2a can be formed by a rel-
atively small load since a small diameter hole 2a is
opened in the hole punching scheduled portion 2 by pen-
etrating the small diameter punch 13 into the hole punch-
ing scheduled portion 2 of the raw material 1. Further-
more, the penetration operation of the small diameter
punch 13 causes the material of the hole punching sched-
uled portion 2 of the raw material 1 to be filled in the
unfilled portion M1 located at the penetration front side
of the small diameter punch 13 among the unfilled por-
tions M in the cavity 12.
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[0092] Furthermore, since the small diameter hole 2a
is expanded by penetrating the large diameter punch 15
into the small diameter hole 2a formed in the hole punch-
ing scheduled portion 2 of the raw material 1 to form a
large diameter hole 3 in the hole punching scheduled
portion 2, the hole 3 can be opened at a relatively low
load. Furthermore, the penetration operation of the large
diameter punch 15 causes the material of the hole punch-
ing scheduled portion 2 of the raw material 1 to be filed
in the unfilled portion M2 located at the penetration front
side of the large diameter punch 15 among the unfilled
portions M in the cavity 12. Consequently, all the unfilled
portions M in the cavity 12 disappear and the entire cavity
12 is filled with the material, which prevents occurrence
of underfill.

[0093] In the hole punching method of this embodi-
ment, no step of punching and removing the material of
the hole punching scheduled portion 2 of the raw material
1, is included, resulting in high material yield.

[0094] Furthermore, the tapered tip end portion 14 of
the small diameter punch 13 enables penetration of the
hole punching scheduled portion 2 of the raw material 1
at a low load. Furthermore, since the peripheral surface
of the tip end portion 14 of the small diameter punch 13
is formed by two stepped taper surfaces 14a and 14b
arranged so as to decrease in taper angle o 1 and 02
gradually stepwise toward the tip of the small diameter
punch 13, the forming load can be adjusted to a pre-
scribed value by setting the two stepped taper angles a1
and o2 of the small diameter punch 13.

The penetration operation of the small diameter punch
13 enables an effective radially outward expansion of the
hole punching scheduled portion 2 of the raw material 1,
which enables assured filling of the material of the hole
punching scheduled portion 2 of the raw material 1 to the
small diameter punch penetration front side portion M1
of the unfilled portions M in the cavity 12.

[0095] Furthermore, the tapered tip end portion 16 of
the large diameter punch 15 enables penetration of the
large diameter punch 15 into the hole punching sched-
uled portion 2 of the raw material 1 at a low load. Fur-
thermore, the one step taper surface 16a of the peripheral
surface of the tip end portion 16 of the large diameter
punch 15 enables adjustment of the forming load to a
prescribed value by setting the taper angle $1 of the taper
surface 16a. And, the penetration operation of the large
diameter punch 15 enables effective radially outward ex-
pansion of the hole punching scheduled portion 2 of the
raw material 1, thereby enabling assured filling of the
material of the hole punching scheduled portion 2 of the
material 1 to the large diameter punch penetration front
side portion M2 of the unfilled portions M in the cavity 12,
which assuredly prevents occurrence of underfill.
[0096] Furthermore, in the state where each punch 13
and 15 is inserted in the corresponding punch insertion
hole 17 and 17, gaps 18 and 18 for receiving excessive
material 2a of the hole punching scheduled portion 2 of
the raw material 1 are formed between the peripheral
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surfaces of the punches 13 and 15 and the peripheral
surfaces of the punch insertion holes 17 and 17. Accord-
ingly, this hole punching method can be classified into a
diverging type forging method. Therefore, the material of
hole punching scheduled portion 2 of the raw material 1
can be filled in the unfilled portions M in the cavity 12 at
a relatively low load.

[0097] In addition, since the dam portion 13a and 15a
for preventing the outward flow of the excessive material
2a flowed into the gap 18 is formed at the peripheral
surface of each punch 13 and 15, the excessive material
2a can be prevented from flowing out of the closed die 11.
[0098] Attheexpansionstep,the hole punchingsched-
uled portion 2 of the raw material 1 is pressed by both
the punches 13 and 15 so that the tip ends of the punches
13 and 15 do not come into contact with each other.
Therefore, occurrence of breakages and/or damages of
the punch tip end portions 14 and 16, which may occur
due to the contact of the tips of both the punches 13 and
15, can be prevented.

[0099] The hole punching method of this embodiment
includes, before the expanding step, a diameter expan-
sion step in which the hole punching scheduled portion
2 of the raw material 1 is expanded in diameter in ad-
vance. At the expanding step, in the state where the hole
punching scheduled portion 2 of the raw material 1 ex-
panded in diameter at the diameter expansion step is
disposed in the cavity 12, the hole punching scheduled
portion 2 is pressed with both the punches 13 and 15
from the diameter expansion restriction sides by the
guide protruded portions 24 and 24. Therefore, in the
case where the hole punching scheduled portion 2 of the
raw material 1 is expanded in diameter beforehand and
then hole punching is executed to the hole punching
scheduled portion 2, these processing can be performed
effectively.

[0100] Although an embodiment of the present inven-
tion was explained above, the present invention is not
limited to the aforementioned embodiment and can be
modified in various manners.

[0101] For example, the hole punching method and
the hole punching apparatus according to the present
invention are not limited to a method and an apparatus
for manufacturing a preform for manufacturing arms of
vehicles, and can also be used to manufacture various
preforms for industrial products, such as, e.g., a preform
for connecting rods or a preform for gears with a shaft
hole.

[0102] Furthermore, in the present invention, the hole
punching scheduled portion 2 of the raw material 1 can
be only one place, such as, e.g., an axial intermediate
portion or an axial one end portion of the raw material 1.
Needless to say, in the present invention, the shape of
the raw material 1 is not limited to a bar shape, and the
present invention can be applied to raw materials 1 of
various configurations. Furthermore, in the present in-
vention, the raw material 1 can be an extruded material,
arolled material, such as, e.g., a continuously cast rolled
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material manufactured by a Properzi method, or can be
any material manufactured by any other production meth-
ods.

[0103] Thisapplication claims priority to Japanese Pat-
ent Application No. 2005-153770 filed on May 26, 2005,
and U.S. Provisional Application No. 60/685,870 filed on
June 1, 2005, the entire disclosures of which are incor-
porated herein by reference in their entireties.

[0104] It should be understood that the terms and ex-
pressions used herein are used for explanation and have
no intention to be used to construe in a limited manner,
do not eliminate any equivalents of features shown and
mentioned herein, and allow various modifications falling
within the claimed scope of the present invention.

INDUSTRIAL APPLICABILITY

[0105] The presentinvention can be applied to a hole
punching method and a hole punching apparatus for
manufacturing a hole punched product, such as, e.g., an
arm or a connecting rod for vehicles (e.g., automobiles,
railroad vehicles).

Claims
1. A hole punching method, comprising:

a step of expanding a hole punching scheduled
portion of a raw material disposed in a cavity of
a closed die by pressing the hole punching
scheduled portion from opposite sides thereof
across the hole punching scheduled portion with
a pair of large diameter punch and small diam-
eter punch different in diameter and arranged
so as to face each other so that unfilled portions
remain in the cavity;

a step of penetrating the small diameter punch
into the hole punching scheduled portion of the
raw material while releasing or after releasing
pressurization by the large diameter punch to
the hole punching scheduled portion; and

a step of penetrating the large diameter punch
into the hole punching scheduled portion of the
raw material while pulling out or after pulling out
the small diameter punch penetrated in the hole
punching scheduled portion of the raw material
from the hole punching scheduled portion of the
raw material.

2. The hole punching method as recited in claim 1,
wherein a tip end portion of the small diameter punch
is formed into a tapered shape, and wherein a pe-
ripheral surface of the tip end portion of the small
diameter punch is formed by plural stepped taper
surfaces arranged so as to decrease in taper angle
gradually stepwise toward the tip end portion of the
small diameter punch.
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The hole punching method as recited in claim 2,
wherein, when the number of steps of the taper sur-
faces forming the peripheral surface of the tip end
portion of the small diameter punch is N (N=2), a tip
end portion of the large diameter punch is formed
into a tapered shape, and a peripheral surface of the
tip end portion of the large diameter punch is formed
by stepped taper surfaces whose step number is
smaller than N and arranged so as to decrease a
taper angle gradually stepwise toward the tip end
portion of the large diameter punch, or formed by a
single step taper surface.

The hole punching method as recited in claim 1,
wherein the closed die is provided with punch inser-
tion holes each for inserting each punch, each punch
insertion hole being communicated with the cavity,
and

wherein, in a state in which each punch is inserted
in the corresponding punch insertion hole, gaps for
receiving excessive material of the hole punching
scheduled portion of the raw material from the cavity
are formed between peripheral surfaces of the
punches and peripheral surfaces of the punch inser-
tion holes.

The hole punching method as recited in claim 4,
wherein a dam portion for preventing the excessive
material flowed into the gaps from discharging to an
outside is formed at the peripheral surface of the
punch so as to expand toward a radially outward of
the punch.

The hole punching method as recited in claim 1,
wherein, at the step of expanding, the hole punching
scheduled portion is pressed from opposite sides
thereof across the hole punching scheduled portion
with both the punches so that the tip ends of both
the punches do not come into contact with each oth-
er.

The hole punching method as recited in any one of
claims 1 to 6, wherein the raw material is a bar
shaped material in which an axial prescribed portion
of the raw material is defined as the hole punching
scheduled portion,

wherein the method further includes a diameter ex-
panding step of expanding the hole punching sched-
uled portion of the raw material with an upsetting
apparatus in advance to the expanding step, the up-
setting apparatus being provided with a fixing die for
securing the raw material, the fixing die being con-
nected to the closed die, a guide having an insertion
hole for inserting and holding the hole punching
scheduled portion of the raw material in a buckling
preventing state, and a pressure punch, and the
guide having a pair of diameter expansion preventing
protruded portions each protruded in an axial direc-
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tion of the guide and integrally formed at opposed
portions of the tip end portion of the guide across the
insertion hole,

wherein, at the diameter expansion step, the hole
punching scheduled portion of the raw material se-
cured to the fixing die is disposed in the cavity and
the hole punching scheduled portion of the raw ma-
terial is inserted and held in the insertion hole of the
guide, and then, the guide is moved in a direction
opposite to a moving direction of the pressure punch
while axially pressing the hole punching scheduled
portion of the raw material with the pressure punch
by moving the pressure punch, to thereby expand
the hole punching scheduled portion of the raw ma-
terial exposed between the tip end portion of the
guide and the fixing die in the cavity in a state in
which contacting portions of the hole punching
scheduled portion in contact with the guide protruded
portions are prevented from being expanded in di-
ameter, and

wherein, at the expanding step, the expanded hole
punching scheduled portion of the raw material is
pressed with both the punches from both sides of
the hole punching scheduled portion prevented in
diameter expansion by the guide protruded portions
in a state in which the hole punching scheduled por-
tion expanded in diameter is disposed in the cavity.

A hole punched product obtained by the hole punch-
ing method as recited in any one of claims 1to 7.

A hole punching apparatus, comprising:

a closed die having a cavity; and

a pair of large diameter punch and small diam-
eter punch different in diameter and disposed at
opposite sides across a hole punching sched-
uled portion of a raw material disposed in the
cavity of the closed die,

wherein the hole punching scheduled portion of the
raw material disposed in the cavity of the closed die
is expanded with both the punches by pressing the
hole punching scheduled portion from opposite sides
across the hole punching scheduled portion,

then, while releasing or after releasing pressuriza-
tion by the large diameter portion to the hole punch-
ing scheduled portion, the small diameter punch is
penetrated into the hole punching scheduled portion
of the raw material,

thereafter, while pulling out or after pulling out the
small diameter punch penetrated in the hole punch-
ing scheduled portion of the raw material from the
hole punching scheduled portion, the hole punching
scheduled portion of the raw material is penetrated
by the large diameter punch.

10. The hole punching apparatus as recited in claim 9,
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wherein a tip end portion of the small diameter punch
is formed into a tapered shape, and wherein a pe-
ripheral surface of the tip end portion of the small
diameter punch is formed by plural stepped taper
surfaces arranged so as to decrease in taper angle
gradually stepwise toward the tip end portion of the
small diameter punch.

The hole punching apparatus as recited in claim 10,
wherein, when the number of steps of the taper sur-
faces forming the peripheral surface of the tip end
portion of the small diameter punch is N (N=2), a tip
end portion of the large diameter punch is formed
into a tapered shape, and a peripheral surface of the
tip end portion of the large diameter punch is formed
by stepped taper surfaces whose step number is
smaller than N and arranged so as to decrease a
taper angle gradually stepwise toward the tip end
portion of the large diameter punch, or formed by a
single step taper surface.

The hole punching apparatus as recited in claim 9,
wherein the closed die is provided with punch inser-
tion holes each for inserting each punch, each punch
insertion hole being communicated with the cavity,
and wherein, in a state in which each punch is in-
serted in the corresponding punch insertion hole,
gaps for receiving excessive material of the hole
punching scheduled portion of the raw material from
the cavity are formed between peripheral surfaces
of the punches and peripheral surfaces of the punch
insertion holes.

The hole punching apparatus as recited in claim 12,
wherein a dam portion for preventing the excessive
material flowed into the gaps from discharging to an
outside is formed at the peripheral surface of the
punch so as to expand toward a radially outward of
the punch.

The hole punching apparatus as recited in any one
of claims 9 to 13, wherein the raw material is a bar
shaped material in which an axial prescribed portion
of the raw material is defined as the hole punching
scheduled portion,

wherein the apparatus further includes an upsetting
apparatus for expanding the hole punching sched-
uled portion of the raw material before expanding
the hole punching scheduled portion of the raw ma-
terial,

wherein the upsetting apparatus is provided with a
fixing die for securing the raw material, the fixing die
being connected to the closed die, a guide having
an insertion hole for inserting and holding the hole
punching scheduled portion of the raw material in a
buckling preventing state, and a pressure punch for
axially pressing the hole punching scheduled portion
of the raw material inserted in the insertion hole of
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the guide, and a punch driving apparatus for moving
the guide in a direction opposite to a moving direction
of the pressure punch, the guide having a pair of
diameter expansion preventing protruded portions
each protruded in an axial direction of the guide and
integrally formed at opposed portions of the tip end
portion of the guide across the insertion hole, and
wherein a part of a peripheral surface of the hold
punching scheduled portion is brought into contact
with side surfaces of the protruded portions of the
guide at the time of expanding the hole punching
scheduled portion of the raw material to thereby pre-
vent a contacting portion of the hole punching sched-
uled portion in contact with the protruded portions
from being expanded.
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Fig.5
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Fig. 7
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Fig. 9
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Fig. 11
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