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(54) UPSETTING METHOD AND UPSETTING DEVICE

(57)  An upsetting method capable of manufacturing
an upsetting manufactured product having a bent ex-
panded portion under a lighter load is provided. A bar-
shaped raw material 1 is loaded to the receiving die 11
in an axial movement prevented state, and the expansion
scheduled portion 2 of the raw material 1 is arranged in
the insertion hole 21 for holding the expansion scheduled
portion 2 of the raw material 1 in a buckling prevented
state. Subsequently, the guide 20 is moved in a direction
opposite to a moving direction of the punch 30 while pres-
surizing the expansion scheduled portion 2 of the raw
material 1 with the punch 30 in an axial direction, to there-
by radially outwardly expand the expansion scheduled
portion 2 of the raw material 1 exposed between a tip
end portion of the guide 20 and the receiving die 11. In
this upsetting method, the expansion scheduled portion
2 is bent while expanding the expansion scheduled por-
tion 2 of the raw material 1.
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Description
TECHNICAL FIELD

[0001] The present invention relates to an upsetting
method and an upsetting apparatus used in manufactur-
ing a product having a radially outwardly expanded por-
tion, such as, e.g., an arm or a piston for vehicles (e.g.,
cars, railroad vehicles, etc.).

BACKGROUND ART

[0002] In general, in upsetting a bar-shaped raw ma-
terial, if the material buckles during the upsetting, the
obtained upsetting manufactured product becomes poor
in shape, which causes degradationin value as a product.
Therefore, in order to prevent the occurrence of such
buckling, the following upsetting method has been con-
ventionally proposed.

[0003] That s, in this method, a bar-shaped raw ma-
terial is loaded to a receiving die in an axial movement
prevented state, and the expansion scheduled portion
(i.e., processing scheduled portion) of the raw material
is inserted in the insertion hole formed in a guide and
held therein in a buckling prevented state.
Subsequently, the guide is moved in a direction opposite
to a punch moving direction while pressurizing the ex-
pansion scheduled portion of the raw material in the axial
direction with a punch, to thereby radially outwardly ex-
pand the expansion scheduled portion of the raw material
exposed between the tip end portion of the guide and the
receiving die (see. e.g., Patent Documents 1 to 4).
[0004] According to this upsetting method, there is an
advantage that buckling of the raw material can be pre-
vented as mentioned above and further the expansion
scheduled portion of the raw material can be expanded
under a lighter load.

[0005] The upsetting manufactured product obtained
by this upsetting method can be used as a preform for
manufacturing a product, such as, e.g., an arm for vehi-
cles.

Patent Document 1 Japanese Unexamined Laid-open
Patent Publication No. H09-253782

Patent Document 2 Japanese translation of PCT inter-
national application No. H07-506768

Patent Document 3 Japanese Unexamined Laid-open
Patent Publication No. 2005-59097

Patent Document 4 Japanese Unexamined Laid-open
Patent Publication No. 2005-144554

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED

[0006] In the case of manufacturing a product having
an expanded portionbent in shape among various types

of products, it is preferable to use a preform preliminary
formed into such a shape to improve the material yield
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rate and reduce the number of manufacturing steps.
[0007] In the conventional upsetting method men-
tioned above, however, it was difficult to form a preform
having an expanded portion bent with respect to the axis.
On the other hand, after forming an expanded portion,
to perform bending work of the expanded portion had a
drawback that a heavy load was required to bend the
expanded portion. Furthermore, there are such draw-
backs that bending of an expanded portion results in
bending of a neck portion between the expanded portion
and the shank portion without causing the scheduled
bending of the expanded portion, or results in poor sur-
face quality due to wrinkles formed on a bending inner
side surface of the expanded portion. Thus, it was very
difficult to perform bending work of an expanded portion
after forming it.

[0008] The preferred embodiments of the present in-
vention have been developed in view of the above-men-
tioned and/or other problems in the related art. The pre-
ferred embodiments of the present invention can signif-
icantly improve upon existing methods and/or appara-
tuses.

[0009] The presentinvention was made in view of the
aforementioned technical background, and aims to pro-
vide an upsetting method capable of manufacturing an
upsetting manufactured product having an expanded
portion bent in shape under as a lighter load as possible,
an upsetting manufactured product obtained by the meth-
od, and an upsetting apparatus for use in the method.
[0010] Other objects and advantages of the present
invention will be apparent from the following preferred
embodiments.

MEANS TO SOLVE THE PROBLEMS

[0011] The present invention provides the following
means. It should be noted thatin this specification a bend-
ing direction of an expansion scheduled portion of a raw
material denotes a width direction of the expansion
scheduled portion of the raw material. That s, the expan-
sion scheduled portion of the raw material is to be bent
in the width direction.

[0012] [1] An upsetting method, comprising the steps
of:

attaching a bar-shaped raw material to a receiving
die in an axial movement prevented state, and ar-
ranging an expansion scheduled portion of the raw
material in an insertion hole formed in a guide for
holding the expansion scheduled portion of the raw
material in a buckling prevented state; and

then radially outwardly expanding the expansion
scheduled portion of the raw material exposed be-
tween a tip end portion of the guide and the receiving
die by moving the guide in a direction opposite to a
moving direction of a punch while pressurizing the
expansion scheduled portion of the raw material with
the punch in an axial direction,
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wherein the expansion scheduled portion is bent while
expanding the expansion scheduled portion of the raw
material.

[0013] [2] The upsetting method as recited in Item 1,
wherein the expansion scheduled portion is bent in a
state in which the expansion scheduled portion is sup-
ported by a supporting portion arranged at an expansion
scheduled portion bending side with respect to the ex-
pansion scheduled portion of the raw material in a buck-
ling prevented state.

[0014] [3] The upsetting method as recited in Item 1 or
2, wherein the expansion scheduled portion of the raw
material is bent by pivotally moving at least one of the
guide and the receiving die about a pivotal axis perpen-
dicular to a plane including an axis of the raw material.
[0015] [4]Anupsettingmanufactured product obtained
by the upsetting method as recited in any one of Items 1
to 3.
[0016]
of:

[5] An upsetting method, comprising the steps

attaching an axial intermediate portion of a bar-
shaped raw material to a receiving die in an axial
movement prevented state, and arranging expan-
sion scheduled portions of axial both end portions of
the raw material in an insertion hole for holding the
expansion scheduled portion of the raw material
formed in a guide in a buckling prevented state, re-
spectively; and then

simultaneously expanding both the expansion
scheduled portions of the raw material exposed be-
tween a tip end portion of each guide and the receiv-
ing die radially outwardly, respectively, by moving
each guide in a direction opposite to a moving direc-
tion of a corresponding punch while simultaneously
pressurizing both the expansion scheduled portions
of the raw material with the punch in an axial direc-
tion, respectively,

wherein at least one of both the expansion scheduled
portions of the raw material is bent while simultaneously
expanding both the expansion scheduled portions of the
raw material, respectively.

[0017] [6] The upsetting method as recited in Item 5,
wherein the expansion scheduled portion is bent in a
state in which the expansion scheduled portion is sup-
ported by a supporting portion arranged at an expansion
scheduled portion bending side with respect to the ex-
pansion scheduled portion of the raw material in a buck-
ling prevented state.

[0018] [7] The upsetting method as recited in Item 5 or
6, wherein the expansion scheduled portion of the raw
material is bent by pivotally moving the guide about a
pivotal axis perpendicular to a plane including a raw ma-
terial axis.

[0019] [8] Anupsetting manufactured product obtained
by the upsetting method as recited in any one of Items 5
to7.
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[0020] [9] An upsetting apparatus, comprising:

a receiving die to which a bar-shaped raw material
is attached in an axial movement prevented state;
a guide having an insertion hole for holding an ex-
pansion scheduled portion of the raw material in a
buckling prevented state;

a punch for pressurizing the expansion scheduled
portion of the raw material arranged in the insertion
hole of the guide in an axial direction; and

a guide driving device for moving the guide in a di-
rection opposite to a moving direction of the punch,

wherein the upsetting apparatus is configured to radially
outwardly expand the expansion scheduled portion of
the raw material exposed between a tip end portion of
the guide and the receiving die, and

wherein a bending device for bending the expansion
scheduled portion of the raw material is provided.
[0021] [10] The upsetting apparatus as recited in Item
9, wherein the upsetting apparatus is configured to bend
the expansion scheduled portion of the raw material by
the bending device while expanding the expansion
scheduled portion of the raw material.

[0022] [11] The upsetting apparatus as recited in Item
9 or 10, further comprising a supporting portion arranged
at a bending side of the expansion scheduled portion of
the raw material with respect to the expansion scheduled
portion to support the expansion scheduled portion in a
buckling prevented state.

[0023] [12] The upsetting apparatus as recited in any
one of Iltems 9 to 11, wherein the bending device is con-
figured to bend the expansion scheduled portion of the
raw material by pivotally moving at least one of the guide
and the receiving die about a pivotal axis perpendicular
to a plane including a raw material axis.

[0024] [13] The upsetting apparatus as recited in Item
12, further comprising a change mechanism for changing
a position of the pivotal axis.

[0025] [14] An upsetting apparatus, comprising:

a receiving die to which a bar-shaped raw material
is attached in an axial movement prevented state;
two guides each having an insertion hole for holding
each of axial both end expansion scheduled portions
of the raw material in a buckling prevented state;
two punches each for pressurizing each expansion
scheduled portion of the raw material arranged in
the insertion hole of each guide in an axial direction;
and

two guide driving devices each for moving each
guide in a direction opposite to a moving direction of
the corresponding punch,

wherein the upsetting apparatus is configured to radially
outwardly expand both the expansion scheduled portions
of the raw material each exposed between a tip end por-
tion of the guide and the receiving die, and
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wherein a bending device for bending at least one of the
expansion scheduled portions of the raw material is pro-
vided.

[0026] [15] The upsetting apparatus as recited in ltem
14, wherein the upsetting apparatus is configured to bend
the expansion scheduled portion of the raw material by
the bending device while expanding the expansion
scheduled portion of the raw material.

[0027] [16] The upsetting apparatus as recited in ltems
14 or 15, further comprising a supporting portion ar-
ranged at a bending side of the expansion scheduled
portion of the raw material with respect to the expansion
scheduled portion to support the expansion scheduled
portion in a buckling prevented state.

[0028] [17] The upsetting apparatus as recited in any
one of ltems 14 to 16, wherein the bending device is
configured to bend the expansion scheduled portion of
the raw material by pivotally moving the guide about a
pivotal axis perpendicular to a plane including a raw ma-
terial axis.

[0029] [18] The upsetting apparatus as recited in ltem
17, further comprising a changing mechanism for chang-
ing a position of the pivotal axis.

[0030] [19] An upsetting method, comprising:

a step of preparing an upsetting apparatus equipped
with a receiving die having a receiving face and a
holding hole for holding a non-expansion scheduled
portion of a bar-shaped raw material in a buckling
prevented state formed at the receiving face, a guide
having an insertion hole for holding an expansion
scheduled portion of the raw material in a buckling
prevented state, and a punch, wherein an expansion
preventing protruded portion integrally protruded at
a tip end portion of the guide in an axial direction of
the guide;

a step of arranging the expansion scheduled portion
of the rawmaterial in the insertion hole of the guide
with the non-expansion scheduled portion held in the
holding hole of the receiving die;

a step of radially outwardly expanding the expansion
scheduled portion of the raw material exposed be-
tween a tip end portion of the guide and the receiving
face of the receiving die in a state in which an ex-
pansion of a contacting portion of at least one of
thickness side surfaces of the expansion scheduled
portions in contact with the guide protruded portion
is controlled by moving the guide in a direction op-
posite to a moving direction of the punch while pres-
surizing the expansion scheduled portion of the raw
material with the punch in an axial direction after the
step of arranging the expansion scheduled portion
of the raw material; and

a step of bending the expansion scheduled portion
of the raw material in its width direction while ex-
panding the expansion scheduled portion of the raw
material expand at the expansion step.
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[0031] [20] The upsetting method as recited in Item 19,
wherein an expansion preventing side wall portion is pro-
vided at the receiving face of the receiving die in a pro-
truded manner, and wherein at the expansion step, the
expansion scheduled portion of the raw material is ex-
panded radially outwardly in a state in which an expan-
sion of a contacting portion of at least one of thickness
side surfaces of the expansion scheduled portion in con-
tact with the guide protruded portion is controlled and
also in a state in which a contacting portion of at least
one of thickness side surfaces of the expansion sched-
uled portion in contact with the receiving die side wall
portion is controlled.

[0032] [21] The upsetting method as recited in Item 20,
wherein the receiving die side wall portion is protruded
from the receiving face of the receiving die at each of
thickness side surfaces of the expansion scheduled por-
tion of the raw material.

[0033] [22] The upsetting method as recited in any one
of Items 19 to 21, wherein the protruded portion of the
guide is integrally provided at each of portions of a tip
end portion of the guide opposed across the insertion
hole.

[0034] [23] The upsetting method as recited in any one
of Items 19 to 22, wherein the receiving face of the re-
ceiving die is formed into a forming face for forming at
least a portion of at least one side surface among width-
wise side surfaces of the expansion scheduled portion
of the raw material.

[0035] [24] The upsetting method as recited in any one
of Items 19 to 23, wherein at the bending step, the ex-
pansion scheduled portion of the raw material is bent in
its widthwise direction by pivotally moving at least one of
the guide and the receiving die about a pivotal axis par-
allel to a thickness direction of the expansion scheduled
portion of the raw material.

[0036] [25] The upsetting method as recited in Item 24,
wherein the tip end portion of the protruded portion of the
guide is formed into an circular-arc-shape forwardly pro-
truded along the widthwise direction of the expansion
scheduled portion of the raw material.

[0037] [26] The upsetting method as recited in any one
of Items 19 to 25, wherein at the bending step, the ex-
pansion scheduled portion of the raw material is bent in
its widthwise direction in a state in which the expansion
scheduled portion is supported by a supporting portion
arranged at an expansion scheduled portion bending
side with respect to the expansion scheduled portion of
the raw material in a buckling prevented state.

[0038] [27] An upsetting manufactured product ob-
tained by the upsetting method as recited in any one of
Items 19 to 26.

[0039] [28] An upsetting method

a step of preparing an upsetting apparatus equipped with
a receiving die having receiving faces at both axial end
portions and a holding hole for holding a non-expansion
scheduled portion of an axial central portion of a bar-
shaped raw material in a buckling prevented state formed
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so as to communicate both the receiving faces, two
guides each having an insertion hole for holding an ex-
pansion scheduled portion of the raw material in a buck-
ling prevented state, and two punches, wherein an ex-
pansion preventing protruded portion is protruded from
a tip end portion of at least one of the guides in an axial
direction thereof;

a step of arranging both the expansion scheduled por-
tions of the raw material in a respective insertion hole of
the guide with the non-expansion scheduled portion held
in the holding hole of the receiving die;

a step of radially outwardly expanding the expansion
scheduled portion of the raw material exposed between
a tip end portion of each guide and the receiving face of
the receiving die in a state in which an expansion of a
contacting portion of at least one of thickness side sur-
faces of the expansion scheduled portions in contact with
the guide protruded portion is controlled by moving each
guide in a direction opposite to a moving direction of the
corresponding punch while pressurizing both the expan-
sion scheduled portions of the raw material with the
punches in an axial direction after the step of arranging
the expansion scheduled portion of the raw material; and
a step of bending atleast one of the expansion scheduled
portions in its width direction while expanding both the
expansion scheduled portions of the raw material in the
expansion step.

[0040] [29] The upsetting method as recited in ltem 28,
wherein an expansion preventing side wall portion is pro-
vided at atleast one of the receiving faces of the receiving
die in a protruded manner, and

wherein at the expansion step, both the expansion
scheduled portions of the raw material are simultaneous-
ly expanded radially outwardly in a state in which an ex-
pansion of a contacting portion of at least one of thickness
side surfaces of the expansion scheduled portion in con-
tact with the guide protruded portion is controlled and
also in a state in which a contacting portion of at least
one of thickness side surfaces of the expansion sched-
uled portion in contact with the receiving die side wall
portion is controlled.

[0041] [30] The upsetting method as recited in ltem 29,
wherein the receiving die side wall portion is protruded
from the receiving face of the receiving die at each of
thickness side surfaces of the expansion scheduled por-
tion of the raw material.

[0042] [31] The upsetting method as recited in any one
of Items 28 to 30, wherein the protruded portion of the
guide is integrally provided at each of portions of a tip
end portion of the guide opposed across the insertion
hole.

[0043] [32] The upsetting method as recited in any one
of Items 28 to 31, wherein at least one of the receiving
faces of the receiving die is formed into a forming face
for forming at least a portion of at least one side surface
among widthwise side surfaces of the expansion sched-
uled portion of the raw material.

[0044] [33] The upsetting method as recited in any one
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of Items 28 to 32, wherein at the bending step, the ex-
pansion scheduled portion of the raw material is bent in
its widthwise direction by pivotally moving the guide
about a pivotal axis parallel to a thickness direction of
the expansion scheduled portion of the raw material.
[0045] [34] The upsetting method as recited in Item 33,
wherein the tip end portion of the protruded portion of the
guide is formed into an circular-arc-shape forwardly pro-
truded along the widthwise direction of the expansion
scheduled portion of the raw material.

[0046] [35] The upsetting method as recited in any one
of Items 28 to 34, wherein at the bending step, the ex-
pansion scheduled portion of the raw material is bent in
its widthwise direction in a state in which the expansion
scheduled portion is supported by a supporting portion
arranged at an expansion scheduled portion bending
side with respect to the expansion scheduled portion of
the raw material in a buckling prevented state.

[0047] [36] An upsetting manufactured product ob-
tained by the upsetting method as recited in any one of
Items 28 to 35.

[0048] [37] An upsetting apparatus, comprising:

areceiving die having a receiving face and a holding
hole for holding a non-expansion scheduled portion
of a bar-shaped raw material in a buckling prevented
state formed at the receiving face;

a guide having an insertion hole for holding an ex-
pansion scheduled portion of the raw material in a
buckling prevented state;

a punch for pressurizing the expansion scheduled
portion of the raw material arranged in the insertion
hole of the guide in an axial direction; and

a guide driving device for moving the guide in a di-
rection opposite to a moving direction of the punch,

wherein the upsetting apparatus is configured to radially
outwardly expand the expansion scheduled portion of
the raw material exposed between a tip end portion of
the guide and the receiving face of the receiving die,
wherein an expansion preventing protruded portion pro-
truded in an axial direction of the guide is integrally pro-
vided at the tip end portion of the guide,

wherein the protruded portion of the guide is configured
to control an expansion of a contacting portion of the
expansion scheduled portion by a contact with at least
one of thickness side surfaces of the expansion sched-
uled portion at the time of expanding the expansion
scheduled portion of the raw material, and

wherein the upsetting apparatus further comprises a
bending device for bending the expansion scheduled por-
tion of the rawmaterial in its width direction.

[0049] [38] The upsetting apparatus as recited in Item
37, wherein the bending device is configured to bend the
expansion scheduled portion of the raw material in its
width direction at the time of expanding the expansion
scheduled portion of the raw material.

[0050] [39] The upsetting apparatus as recited in Item
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37 or 38, wherein an expansion preventing side wall por-
tion is provided at the receiving face of the receiving die
in a protruded manner, and

wherein the side wall portion of the receiving die controls
expansion of a contacting portion of the expansion
scheduled portion by a contact with at least one side sur-
faces among thickness side surfaces of the expansion
scheduled portion at the time of expanding the expansion
scheduled portion of the raw material.

[0051] [40] The upsetting apparatus as recited in ltem
39, wherein the receiving die side wall portion is protrud-
ed from the receiving face of the receiving die at each of
thickness side surfaces of the expansion scheduled por-
tion of the raw material.

[0052] [41] The upsetting apparatus as recited in any
one of ltems 37 to 40, wherein the protruded portion of
the guide is integrally provided at each of portions of a
tip end portion of the guide opposed across the insertion
hole.

[0053] [42] The upsetting apparatus as recited in any
one of Items 37 to 41, wherein the receiving face of the
receiving die is formed into a forming face for forming at
least a portion of at least one side surface among width-
wise side surfaces of the expansion scheduled portion
of the raw material.

[0054] [43] The upsetting apparatus as recited in any
one of Items 37 to 42, wherein the bending device is
configured to bend the expansion scheduled portion of
the raw material in its widthwise direction by pivotally
moving at least one of the guide and the receiving die
about a pivotal axis parallel to a thickness direction of
the expansion scheduled portion of the raw material.
[0055] [44] The upsetting apparatus as recited in ltem
43, wherein the tip end portion of the protruded portion
ofthe guideis formed into an circular-arc-shape forwardly
protruded along the widthwise direction of the expansion
scheduled portion of the raw material.

[0056] [45] The upsetting apparatus as recited in ltem
43 or 44, further comprising a change mechanism for
changing a position of the pivotal axis.

[0057] [46] The upsetting apparatus as recited in any
one of Items 37 to 45, further comprising a supporting
portion arranged at a bending side of the expansion
scheduled portion with respect to the expansion sched-
uled portion of the raw material to support the expansion
scheduled portion in a buckling prevented state.

[0058] [47] An upsetting apparatus, comprising:

a receiving die having receiving faces at axial both
end portions and a holding hole for holding a non-
expansion scheduled portion of a bar-shaped raw
material in a buckling prevented state formed so as
to communicate both the receiving faces;

two guides each having an insertion hole for holding
an expansion scheduled portion of the raw material
in a buckling prevented state;

two punches each for pressurizing the expansion
scheduled portion of the raw material arranged in

10

15

20

25

30

35

40

45

50

55

the insertion hole of each guide in an axial direction;
and

two guide driving devices each for moving each
guide in a direction opposite to a moving direction of
the corresponding punch,

wherein the upsetting apparatus is configured to radially
outwardly expand both the expansion scheduled portions
of the raw material exposed between a tip end portion of
each guide and the corresponding receiving face of the
receiving die,

wherein an expansion preventing protruded portion pro-
truded in an axial direction of the guide is provided at the
tip end portion of at least one of the guides,

wherein the protruded portion of the guide is configured
to control an expansion of a contacting portion of the
expansion scheduled portion by a contact with at least
one of thickness side surfaces of the expansion sched-
uled portion at the time of expanding the expansion
scheduled portion of the raw material, and

wherein the upsetting apparatus further comprises a
bending device for bending at least one of the expansion
scheduled portions of the raw material in a width direc-
tion.

[0059] [48] The upsetting apparatus as recited in Item
47, wherein the bending device is configured to bend the
expansion scheduled portion of the raw material in its
width direction at the time of expanding the expansion
scheduled portion of the raw material.

[0060] [49] The upsetting apparatus as recited in Item
47 or 48, wherein expansion preventing side wall portion
is provided at at least one of the receiving faces of the
receiving die in a protruded manner, and

wherein the side wall portion of the receiving die controls
an expansion of a contacting portion of the expansion
scheduled portion by a contact with at least one side sur-
faces among thickness side surfaces of the expansion
scheduled portion at the time of expanding the expansion
scheduled portion of the raw material.

[0061] [50] The upsetting apparatus as recited in Item
49, wherein the receiving die side wall portion is protrud-
ed from the receiving face of the receiving die at each of
thickness side surfaces of the expansion scheduled por-
tion of the raw material.

[0062] [51] The upsetting apparatus as recited in any
one of ltems 47 to 50, wherein the protruded portions of
the guide is integrally provided at each of portions of a
tip end portion of the guide opposed across the insertion
hole.

[0063] [52] The upsetting apparatus as recited in any
oneof ltems 47 to 51, wherein atleast one of the receiving
faces of the receiving die is formed into a forming face
for forming at least a portion of at least one side surface
among widthwise side surfaces of the expansion sched-
uled portion of the raw material into a predetermined
shape.

[0064] [53] The upsetting apparatus as recited in any
one of ltems 47 to 52, wherein the bending device is
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configured to bend the expansion scheduled portion of
the raw material in its widthwise direction by pivotally
moving the guide about a pivotal axis parallel to a thick-
ness direction of the expansion scheduled portion of the
raw material.

[0065] [54] The upsetting apparatus as recited in ltem
53, wherein the tip end portion of the protruded portion
ofthe guideisformedinto an circular-arc-shape forwardly
protruded along the widthwise direction of the expansion
scheduled portion of the raw material.

[0066] [55] The upsetting apparatus as recited in ltem
53 or 54, further comprising a change mechanism for
changing a position of the pivotal axis.

[0067] [56] The upsetting apparatus as recited in any
one of ltems 47 to 55, further comprising a supporting
portion arranged at a bending side of the expansion
scheduled portion with respect to the expansion sched-
uled portion of the raw material to support the expansion
scheduled portion in a buckling prevented state.

EFFECTS OF THE INVENTION

[0068] The presentinvention has the following effects.
[0069] According to the invention [1], by moving the
guide in a direction opposite to the moving direction of
the punch while pressurizing the bar-shaped expansion
scheduled portion with the punch to expand the expan-
sion scheduled portion of the raw material exposed be-
tween the tip end portion of the guide and the receiving
die radially outwardly, buckling of the rawmaterial can be
prevented, and the expansion of the expansion sched-
uled portion of the raw material can be performed under
a lighter load. Furthermore, since the expansion sched-
uled portion is bent while expanding the expansion
scheduled portion of the raw material, the expansion
scheduled portion can be bent under a lighter load. That
is, inthe presentinvention, the expansion scheduled por-
tion of the raw material can be expanded under a lighter
load, and the expansion scheduled portion can also be
bent under a lighter load. Therefore, an upsetting man-
ufactured product with a bent expanded portion can be
assuredly manufactured under as a lighter load as pos-
sible.

[0070] According to the invention [2], since the expan-
sion scheduled portion is bent with the expansion sched-
uled portion supported by the supporting portion in a
buckling prevented state, buckling of the expansion
scheduled portion can be prevented assuredly.

[0071] According to the invention [3], the expansion
scheduled portion can be bent assuredly.

[0072] According to the invention [4], an upsetting
manufactured product having a bent expanded portion
excellent in surface quality can be provided.

[0073] According tothe invention [5], in the same man-
ner as in the invention [1], buckling of the raw material
can be prevented, and the expansion of each expansion
scheduled portion of the raw material can be performed
under a lighter load. Furthermore, since the expansion
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of both the expansion scheduled portions of the raw ma-
terial can be performed simultaneously, theupsetting-
manufactured product in which the expanded portions
are formed at both the axial end portions can be manu-
factured efficiently. Furthermore, since atleast one of the
expansion scheduled portions of both the expansion
scheduled portions is bent while simultaneously expand-
ing both the expansion scheduled portions of the raw
material, a predetermined expansion scheduled portion
can be bent under a lighter load. That is, in the present
invention, the expansion of both the expansion sched-
uled portions of the raw material can be performed under
a lighter load, and that a predetermined expansion
scheduled portion can also be bent under a lighter load.
Therefore, the upsetting manufactured product having a
bent expanded portion can be assuredly formed under
as a lighter load as possible.

[0074] According to the invention [6], bucklingof the
expansion scheduled portion can be prevented assured-
ly.

[0075] According to the invention [7], the expansion

scheduled portion can be bent assuredly.

[0076] According to the invention [8], an upsetting
manufactured product having a bent expanded portion
excellent in surface quality can be provided.

[0077] According to the invention [9] to [12], an upset-
ting apparatus used suitably for the upsetting method
according to any one of the inventions [1] to [4] can be
provided.

[0078] According to the invention [13], the position of
the pivotal axis can be arbitrarily changed depending on
the bent shape of the expanded portion.

[0079] According to the invention [14] to [17], an up-
setting apparatus used suitably for the upsetting method
according to any one of the inventions [5] to [8] can be
provided.

[0080] According to the invention [18], the position of
the pivotal axis can be arbitrarily changed depending on
the bent shape of the expanded portion.

[0081] According totheinvention[19], atthe expansion
step, since the expansion scheduled portion of the raw
material is expanded radially outwardly in a state in which
an expansion of a contacting portion of at least one side
surface among the thickness side surfaces of the expan-
sion scheduled portion in contact with the guide protrud-
ed portion is controlled, an expanded portion in which
the expansion of at least one of side surfaces among the
thickness direction side surfaces is controlled can be
formed.

[0082] Furthermore, at the bending step, since the ex-
pansion scheduled portion is bent in the width direction
while expanding the expansion scheduled portion of the
raw material, the expansion scheduled portion can be
bent under a lighter load, and the expansion of the ex-
pansion scheduled portion can be further performed un-
der a lighter load.

[0083] Therefore, according to this invention, as to a
preform having an expanded portion bent with respect
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to the axial direction in which the expansion of at least
one surface of both the thickness side surfaces is con-
trolled, a preform which is closer to a produce in shape
can be manufactured under a lighter load.

[0084] According to invention of [20], at the expansion
step, since the expansion scheduled portion of the raw
material is expanded radially outwardly in a state in which
the expansion of the contacting portion of at least one
side surface of the expansion scheduled portion among
the thickness side surfaces of the expansion scheduled
portion in contact with the guide protruded portion is con-
trolled and in the state in which the expansion of the con-
tacting portion of at least one side of thickness side sur-
faces of the expansion scheduled portion among the
thickness side surfaces of the expansion scheduled por-
tion in contact with the receiving die is controlled, the
expansion of at least one side surface of the thickness
side surfaces of the expansion scheduled portion of the
raw material can be prevented assuredly.

[0085] According to the invention [21], the expansion
of the thickness side surfaces of the expansion sched-
uled portion of the raw material can be prevented.
[0086] According to the invention [22], the expansion
of the thickness side surfaces of the expansion sched-
uled portion of the raw material can be prevented assur-
edly.

[0087] According to the invention [23], at least a part
of at least one of the side surfaces among the widthwise
both side surfaces of the expansion scheduled portion
of the raw material can be formed into a product config-
uration or its closer configuration by the receiving face
of the receiving die.

[0088] According to the invention [24], the expansion
scheduled portion of the raw material can be assuredly
bent in the width direction.

[0089] According to the invention [25], at the bending
step, an interference of the tip end portion of the protrud-
ed portion of the guide to the receiving die can be pre-
vented.

[0090] According to the invention [26], at the bending
step, buckling of the expansion scheduled portion of the
raw material can be prevented assuredly.

[0091] According to the invention [27], an upsetting
manufactured product having an expanded portion in
which the expansion of at least one side surface among
the thickness side surfaces is controlled and the expand-
ed portion itself is bent in the axial direction can be of-
fered.

[0092] According totheinvention[28], the same effects
as in the invention [19] can be obtained. Furthermore, at
the expansion step, since both the expansion scheduled
portions of the raw material are simultaneously expanded
radially outwardly, an upsetting manufactured product in
which expanded portions are formed at the axial both
end portions can be manufactured efficiently.

[0093] According tothe invention [29]to [35], the same
effect as in the invention [20] to [26] can be performed.
[0094] According to the invention [36], it is possible
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toprovide an upsetting manufactured productin which an
expanded portion is formed at each of the axial both end
portions, at at least one of both the expanded portion, an
expansion of at least one side surface among the thick-
ness side surfaces is controlled, and the expanded por-
tion itself is bent in the axial direction.

[0095] According to the invention [37] to [44], an up-
setting apparatus used suitably for the upsetting method
according to any one of the inventions [19] to [25] can be
provided.

[0096] According to the invention [45], the position of
the pivotal axis can be arbitrarily changed depending on
the bent shape of the expanded portion.

[0097] According to the invention [46], an upsetting ap-
paratus used suitably for the upsetting method according
to any one of the invention [26] can be provided.

[0098] According to the invention [47] to [54], an up-
setting apparatus used suitably for the upsetting method
according to any one of the inventions [28] to [34] can be
provided.

[0099] According to the invention [55], the position of
the pivotal axis can be arbitrarily changed depending on
the bent shape of the expanded portion.

[0100] According to the invention [56], an upsetting ap-
paratus used suitably for the upsetting method according
to any one of the invention [35] can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS
[0101]

Fig. 1 is a partially cut-out perspective view of an
upsetting apparatus according to a first embodiment
of the present invention.

Fig. 2is a cross-sectional view showing the upsetting
apparatus in the state before expanding an expan-
sion scheduled portion of a raw material.

Fig. 3 is a cross-sectional view of the upsetting ap-
paratus in the state in the middle of expanding an
expansion scheduled portion of a raw material.

Fig. 4 is a cross-sectional view of the upsetting ap-
paratus in the state after expanding the expansion
scheduled portion of the raw material.

Fig. 5 is a perspective view of an upsetting manu-
factured product produced by the upsetting appara-
tus.

Fig. 6 is a cross-sectional view of an upsetting ap-
paratus according to a second embodiment of the
present invention in the state after expanding an ex-
pansion scheduled portion of a raw material.

Fig. 7 is a partially cut-out perspective view of the
upsetting apparatus according to a third embodiment
of the present invention.

Fig. 8 is a perspective view of an end portion of a
receiving die of the upsetting apparatus.

Fig. 9is a perspective view of a guide of the upsetting
apparatus.

Fig. 10 is a cross-sectional view of the upsetting ap-
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paratus in the state before expanding an expansion
scheduled portion of a raw material.

Fig. 11 is a cross-sectional view of the upsetting ap-
paratus in the state in the middle of expanding the
expansion scheduled portion of the raw material.
Fig. 12 is a cross-sectional view of the upsetting ap-
paratus in the state after expanding the expansion
scheduled portion of the raw material.

Fig. 13 is a perspective view of the upsetting manu-
factured product processed using the upsetting ap-
paratus.

Fig. 14 is a cross-sectional view of the upsetting ap-
paratus with a modified pivotal axis.

EXPLANATION OF THE NUMERALS
[0102]

1: raw material

2: expansion scheduled portion

3: axial intermediate portion (non-expansion sched-
uled potion)

5: upsetting manufactured product

6: expanded portion

7: shank portion

10A, 10B: upsetting apparatus

11: receiving die

12: holding hole (raw material mounting hole)
15: supporting portion

20: guide

21: insertion hole

23: guide holder

25: guide driving device

30: punch

31: punch driving device

40: bending device

41: guide pivotally moving mechanism

42: rail

43: stage

44: stage driving device

50: change mechanism

51: guide holder moving rail

52: guide holder driving device

53: receiving die moving rail

54: receiving die driving device

F: free expanding space

P: pivotal axis

101: raw material

102: expansion scheduled portion

103: non-expansion scheduled portion (axial inter-
mediate portion)

105: upsetting manufactured product (preform)
106: expanded portion

107: shank portion

110: upsetting apparatus

111: receiving die

112: holding hole

113: receiving face

10

15

20

25

30

35

40

45

50

55

114: expansion preventing side wall portion
115: supporting portion

119: dividing plane

120: guide

121: insertion hole

122: expansion preventing protruded portion
122b: tip end portion

125: guide driving device

130: punch

131: punch driving device

140: bending device

141: guide pivotally moving mechanism
142: circular arc-shaped rail

143: stage

144: stage driving device

150: change mechanism

151: guide holder moving rail

152: guide holder driving device

153: receiving die moving rail

154: receiving die driving device

E: expanding space

P: pivotal axis

BEST MODE FOR CARRYING OUT THE INVENTION

[0103] Next, some embodiments of the present inven-
tion will be explained below with reference to the attached
drawings.

[0104] Figs. 1 to 5 are drawings for explaining a first
embodiment of the present invention.

[0105] In Fig. 1, the reference numeral 10A denotes
an upsetting apparatus according to the first embodi-
ment. Specifically, this upsetting apparatus 10A is a free
upsetting apparatus. The reference numeral 1 denotes
a bar-shaped raw material.

[0106] In Fig. 5, the reference numeral 5 denotes an
upsetting manufactured product produced by the upset-
ting apparatus 10A. This upsetting manufactured product
5 has a straight shank portion 7 and expanded portions
6 (diameter expanded portions) radially outwardly ex-
panded (enlarged in diameter) along the entire periphery
formed at both ends of the shank portion 7. Each expand-
ed portion 6 is bent with respect to the axial direction.
Specifically, the expanded portion 6 itself is bent, and the
expanded portion 6 is unevenly expanded in the periph-
eral direction. More specifically, the expanded amount
of the expanded portion 6 at the side opposite to the bent
side is larger than the expanded amount of the expanded
portion 6 at the bent side, in other words, the expanded
portion 6 is expanded to the side opposite to the bent
side of the expanded portion 6 greater than to the bent
side. This upsetting manufactured product 5 is used as
a preform for manufacturing an arm for vehicles such as,
e.g., cars and railroad vehicles. Each expanded portion
6 of this upsetting manufacturedproduct 5 is a portion to
be processed at a post-step into a connecting portion (for
example, a bush mounting portion, a yoke portion, a ball
joint portion) to be connected with another component.
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[0107] As shown in Figs. 1 and 2, the raw material 1
has expansion scheduled portions 2 and 2 at both the
axial end portions and a non-expansion scheduled por-
tion at the axial intermediate portion 3. The axial inter-
mediate portion 3 of the raw material 1 will be served as
a shank portion 7 of the upsetting manufactured product
5 after the upsetting.

[0108] This raw material 1 is a straight solid round bar
having a predetermined length, and made of metal ma-
terial, specifically, aluminum or aluminum alloy material.
The raw material 1 is round in cross-section and constant
in diameter in the axial direction.

[0109] Inthe presentinvention, the material of the raw-
material 1 is not limited to aluminum or aluminum alloy,
and can be metal, such as, e.g., brass, copper (including
its alloy), and stainless steel. It also can be plastic. It is
especially preferable that it is aluminum or aluminum al-
loy. Moreover, the cross-sectional configuration of the
raw material 1 is not limited to a circular shape, and can
be a polygon, such as, e.g., a square, or a hexagon.
Furthermore, the raw material 1 can be an extruded ma-
terial, a continuously cast rolled material manufactured
by a Properzi method, or a material manufactured by
another method.

[0110] The diameter of the raw material 1 is 10 to 20
mm for example (specifically, 16 mm). In the upsetting
manufactured product 5, for example, the maximum di-
ameter of each expanded portion 6 is 50 to 70 mm (spe-
cifically, 60 mm), the length of each expanded portion 6
is 65 to 80 mm (specifically, 72 mm), and the length of
the shank portion 7 is 150 to 250 (specifically, 220 mm).
In the present invention, however, the diameter of the
raw material 1 and the dimension of each portion of the
upsetting manufactured product 5 are not limited to the
above-mentioned dimensions. For example, the diame-
ter of the raw material 1 and the dimension of each portion
of the upsetting manufactured product 5 can be set so
that the purpose of the present invention can be attained
depending on the manufacturing of the desired product,
such as, e.g., an arm, a connecting rod, or a piston for
vehicles.

[0111] The upsetting apparatus 10A is equipped with
areceivingdie 11, two guides 20 and 20, two guide driving
devices 25 and 25, two punches 30 and 30, two punch
driving devices 31 and 31, and two bending devices 40
and 40.

[0112] Thereceiving die 11 is for receiving an expand-
ed portion 6 formed by expanding the expansion sched-
uled portion 2 of the raw material, and has axial both end
portions of the receiving die 11 each served as areceiving
face 11a (hereinafter may also referred to as "receiving
portion"). This receiving die 11 is provided with a holding
hole 12 (hereinafter may also be referred to as "mounting
hole") communicating both the receiving faces 11a and
11a. Therefore, end openings of the holding hole 12 are
formed at both receiving faces 11a and 11a of the receiv-
ing die 11. The holding hole 12 is extended straightly in
the axial direction of the receiving die 11. This holding
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hole 12 holds the axial intermediate portion 3 of the raw
material 1 as a non-expansion scheduled portion in a
buckling prevented state and in an axial movement pre-
vented state. The axial intermediate portion 3 of the raw
material 1 is fitted in the holding hole 12 in an axial move-
ment prevented state and in a buckling prevented state.
Thereby, the axial intermediate portion 3 of the raw ma-
terial 1 is attached to the receiving die 11. Furthermore,
this receiving die 11 is divided into two pieces by the
dividing plane cutting the holding hole 12 longitudinally.
[0113] Thetwo guides 20 and 20 are the same in struc-
ture. Each guide 20 has an insertion hole 21 for holding
the corresponding expansion scheduled portion 2 of the
raw material 1 in a buckling prevented state. This inser-
tion hole 21 penetrates the guide 20 in the axial direction
thereof. The outlet opening of the insertion hole 21 is
provided at the tip end portion of the guide 20. The cross-
sectional configuration of the insertion hole 21 is the
same as the cross-sectional configuration of the expan-
sion scheduled portion 2 of the raw material 1, and the
expansion scheduled portion 2 of the raw material 1 is
fittedly inserted in the insertion hole 21 in the axially sli-
dable manner. And the raw material 1 is inserted into the
insertion hole 21 with the expansion scheduled portion
2 of the raw material 1 disposed in the insertion hole 21,
whereby the expansion scheduled portion 2 of the raw
material 1 is held in the insertion hole 21 in a buckling
prevented state.

[0114] Each guide 20 is accommodated in and held by
the guide holder 23 in an axially slidable manner. The
reference numeral 24 denotes a spacer disposed be-
tween the guide 20 and the guide holder 23 to reduce
the slide frictional force between them.

[0115] The two punches 30 and 30 are the same in
structure. Each punch 30 is for pressurizing the corre-
sponding expansion scheduled portion 2 of the raw ma-
terial 1 in the axial direction. Both the guides 20 and 20
are arranged at both axial sides of the raw material 1.
[0116] The two punch driving devices 31 and 31 are
the same in structure. Each punch driving device 31 is
for moving the punch 30 in the axial direction of the raw
material 1. This punch driving device 31 is connected to
each punch 30. Thus, by operating the punch driving de-
vice 30, the expansion scheduled portion 2 of the raw
material 1 is pressurized in the axial direction thereof with
the punch 30. As a driving source of the punch driving
device 31, for example, a fluid pressure cylinder (e.g., a
hydraulic cylinder or a gas cylinder) can be used.
[0117] The two guide driving devices 25 and 25 are
the same in structure. Each guide driving device 25 is for
moving the guide 20 in a direction opposite to the moving
direction of the corresponding punch 30 (i.e., the pres-
surizing direction to the raw material expansion sched-
uled portion 2 by the punch 30). As a driving source of
this driving device 25, for example, a fluid pressure cyl-
inder (e.g., a hydraulic cylinder, a gas cylinder) can be
used. The movement of the guide 20 with the guide driv-
ing device 25 causes a free expanding space F between
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the tip end portion of the guide 20 and the receiving die
11 (specifically, the receiving face 11a of the receiving
die 11). This free expanding space F is a space in which
the expansion scheduled portion 2 of the raw material 1
can be expanded radially outwardly. Since the expansion
scheduled portion 2 of the raw material 1 is expanded in
this free expanding space F, this upsetting method is in
the category of an upsetting method not using a closed-
die with a closed cavity, i.e., a free upsetting method.
[0118] The two bending devices 4 0 and 4 0 are the
same in structure. Eachbending device 4 0 is for bending
each expansion scheduled portion 2 of the raw material
1. In this embodiment, the bending device 40 is for bend-
ing the expansion scheduled portion 2 into a circular-arc-
shape, etc., by pivotally moving the guide 20 about an
axis perpendicular to a plane including the axis of the
raw material (this axis will be referred to as a "pivotal axis
P").

[0119] In this embodiment, the raw material 1 is ar-
ranged horizontally, and therefore the axis of the raw
material is also arranged horizontally. The plane includ-
ing the axis of the raw material is a horizontal plane, and
therefore the pivotal axis P extends in a vertical direction.
[0120] Each bending device 40 is equipped with a
guide pivotally moving mechanism 41 for pivotally mov-
ing the guide 20 about the pivotal axis P.

[0121] Each guide pivotally moving mechanism 41 is
provided with a rail 42 extending in a circular arc manner
centered on the pivotal axis P, a stage 43 capable of
moving along the rail 42, and a stage driving device 44
for moving the stage 43 along the rail 42. As a driving
source of the stage driving device 44, for example, a fluid
pressure cylinder (e.g., a hydraulic cylinder or a gas cyl-
inder) is connected to the stage 43. On the stage 43, the
guide holder 23 is installed via guide holder moving rails
51 and 51 which will be mentioned later. As mentioned
above, the guide 20 is accommodated in the guide holder
23.

[0122] In this guide pivotally moving mechanism 41,
by operating the stage driving device 44, the guide 20 is
pivotally moved along the circular-arc-shaped rail 42 to-
gether with the stage 43, i.e., the guide 20 is pivotally
moved about the pivotal axis P. Thus, the pivotal move-
ment of the guide 20 causes bending of the expansion
scheduledportion 2 of the rawmaterial 1 during the ex-
pansion process.

[0123] In the present invention, the guide pivotally
moving mechanism 41 is not limited to the aforemen-
tioned mechanism, and can be, for example, a gear
mechanism.

[0124] Furthermore, this upsetting apparatus 10A is
equipped with two change mechanisms 50 and 50 each
for changing the position of the pivotal axis P of each
guide 20.

[0125] Both the change mechanisms 50 are 50 are the
same in structure. Each change mechanism 50 has guide
holder moving rails 51 and 51 laid on the stage 43, a
guide holder driving device 52 for moving the guide holder
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23 on the rails 51 and 51, receiving die moving rails 53
and 53, and receiving die driving devices 54 and 54 for
moving the receiving die 11 on the rails 53 and 53. The
guide holder moving rail 51 and the receiving die moving
rail 53 extend in a direction perpendicular to the material
axis. As a driving source of the guide holder driving device
52, for example, a fluid-pressure cylinder is connected
to the guide holder 23. Furthermore, as a driving source
of the receiving die driving device 54, for example, a fluid-
pressure cylinder is connected to the receiving die 11.
This receiving die driving device 54 is also used as a
driving device for opening and closing the receiving die
11.

[0126] In this change mechanism 50, by operating the
guide holder driving device 52, the guide 20 is moved on
the rails 51 together with the guide holder 23 with respect
to the stage 43. By further operating the receiving die
driving device 54, the receiving die 11 ismovedalong the
rails 53. Bymoving the guide 20 and the receiving die 11
in the same direction, the position of the pivotal axis P
can be changed.

[0127] Next, the upsetting method using the above-
mentioned upsetting apparatus 10A will be explained be-
low.

[0128] First, as shown in Figs. 1 and 2, the axial inter-
mediate portion 3 of the raw material 1 as a non-expan-
sion scheduled portion is fitted in the holding hole 12 of
the receiving die 11. Thus, the axial intermediate portion
3 of the raw material 1 is attached to the receiving die 11
in a state in which the axial intermediate portion is held
in the holding hole 12 in a buckling prevented state and
in an axial movement prevented state.

[0129] Furthermore, each of the expansion scheduled
portions 2 and 2 of the rawmaterial 1 is arranged in the
corresponding insertion hole 21 of the guide 20. [Ar-
rangement Step of Raw Material Expansion Scheduled
Portion] Thereby, each expansion scheduled portion 2
of the raw material 1 is held within the insertion hole 21
in a buckling prevented state.

[0130] Subsequently, the guides 20 are simultaneous-
ly moved in respective directions opposite to the respec-
tive moving directions of the corresponding punch 30 with
the guide driving devices 25 while simultaneously pres-
surizing both the expansion scheduled portions 2 and 2
of the raw material 1 with corresponding punches 30 in
the axial direction. By this, both the expansion scheduled
portions 2 and 2 of the raw material 1 each exposed in
a free expanding space F formed between the tip end
portion of each guide 20 and the receiving die 11 (more
specifically, the receiving face 11a of the receiving die
11) are simultaneously expanded in the respective free
expanding spaces F radially outwardly [Expansion Step].
[0131] Furthermore, as shown in Fig. 3, both the ex-
pansion scheduled portions 2 and 2 are simultaneously
bent with the bending devices 40 and 40 while being si-
multaneously expanded. [Bending Step].

[0132] The bending method using the bending device
40 will be explained as follows.
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[0133] That is, the position of the receiving die 11 is
fixed. Then, the stage driving devices 44 and 44 of both
the bending devices 40 and 40 are operated simultane-
ously while simultaneously expanding both the expan-
sion scheduled portions 2 and 2 of the raw material 1.
Then, each guide 20 is moved together with the stage
43 along the rail 42 with a part of the expansion scheduled
portion 2 of the raw material 1 remained in the insertion
hole 21 of the guide 20, whereby each guide 20 pivotally
moves about the pivotal axis P. In accordance with the
pivotal movement of the guide 20 as mentioned above,
the expansion scheduled portion 2 is bent into a circular-
arc-shape while being expanded.

[0134] The traveling speed of the stage 43, namely,
the speed of bending the expansion scheduled portion 2
of the raw material 1, is set depending on the bend shape
of the expanded portion 6.

[0135] As shown in Fig. 4, when each expansion
scheduled portion 2 of the raw material 1 is expanded
into a predetermined shape, the movement of the punch
30, that of the guide 20, and that of the stage 43 are
stopped simultaneously.

[0136] Subsequently, the raw material 1 is taken out
of the receiving die 11 to obtain a desired upsetting man-
ufactured product 5.

[0137] The expanded portion of the obtained upsetting
manufactured product 5 is used as a preform, and the
expanded portion 6 thereof is processed at a post-proc-
ess into a predetermined configuration to obtain a desired
arm for vehicles.

[0138] According to this upsetting method, in manu-
facturing a preform for manufacturing a product in which
an expanded portionis bent, a preform closer to a product
in configuration can be manufactured.

[0139] According to the upsetting method of the afore-
mentioned first embodiment, by moving the guide 20 in
a direction opposite to the moving direction of the punch
30 while pressurizing the expansion scheduled portion 2
of the raw material 1 with the punch 30 in the axial direc-
tion, the expansion scheduled portion 2 of the raw ma-
terial 1 exposed between the tip end portion of the guide
20 and thereceiving die 11 is expanded radially outward-
ly. Therefore, buckling of the raw material 1, which may
sometimes occur at the time of upsetting, can be pre-
vented. Furthermore, each expansion scheduled portion
2 of the raw material 1 can be expanded under a lighter
load. Namely, by bending the expansion scheduled por-
tion 2 while pressurizing the expansion scheduled portion
2 of the raw material 1 in the axial direction, since the
expansion scheduled portion 2 is deformed while being
expanded radially outwardly by the same principle as
stretch forming, the expansion scheduled portion 2 can
be expanded under a lighter load. Furthermore, since
both the expansion scheduled portions 2 and 2 of the
raw material 1 are expanded simultaneously, an upset-
ting manufactured product 5 with expanded portions 6 at
the axial end portions can be manufactured efficiently.
[0140] Furthermore, since each expansion scheduled
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portion 2 of the raw material 1 is bent while being ex-
panded, each expansion scheduled portion 2 can be bent
under a lighter load.

[0141] That is, in this upsetting method, each expan-
sion scheduled portion 2 of the raw material 1 can ex-
panded under a lighter load, and the expansion sched-
uled portion 2 can also be bent under a lighter load. Fur-
thermore, it is possible to prevent occurring of wrinkles
on the inner bent side surface portion of the expanded
portion 6. Therefore, an upsetting manufactured product
5 having a bent expanded portion 6 can be manufactured
assuredly under a lighter load without causing wrinkles.
[0142] Originally, in this upsetting method, since a
blockade die having a closed-cavity is not used, it is pos-
sible to perform processing at low cost.

[0143] Furthermore, the expansion scheduled portion
2 of the raw material 1 can be assuredly bent by pivotally
moving the guide 20 about an axis (i.e., pivotal axis P)
perpendicular to a plane including the axis of the raw
material.

[0144] In the aforementioned upsetting apparatus
10A, the positional changing of the pivotal axis P of the
guide 20 can be performed by operating the guide holder
driving device 52 of the change mechanism 50 to thereby
move the guide 20 together with the guide holder 23 with
respect to the stage 43 along the rail 51. Furthermore,
the receiving die 11 is moved along the rail 53 by oper-
ating the receiving die driving device 54. In this way, the
position of pivotal axis P can be changed by moving the
guide 20 and the receiving die 11 in the same direction.
[0145] Therefore, according to this upsetting appara-
tus 10A, the position of the pivotal axis P can be arbitrarily
changed depending on the bent shape of the expanded
portion 6.

[0146] Fig. 6 is a figure for explaining a second em-
bodiment of the present invention.

[0147] The upsetting apparatus 10B according to the
second embodimentis equipped with two supporting por-
tions 15 and 15 for supporting each expansion scheduled
portion 2 of the raw material 1 in a buckling prevented
state. Both the supporting portions 15 and 15 are the
same in structure. Each supporting portion 15is arranged
at the bending side of the expansion scheduled portion
2 of the raw material 1. In this embodiment, each sup-
porting portion 15 is integrally provided at the receiving
die 11. In the present invention, the supporting portion
15 can be separated from the receiving die 11, i.e., the
supporting portion 15 can be a separated supporting
member.

[0148] Other structures of this upsetting apparatus
10B are the same as those of the upsetting apparatus
10A of the aforementioned first embodiment.

[0149] Inthe upsetting method using this upsetting ap-
paratus 10B, each expansion scheduled portion 2 of the
raw material 1 is bent with the expansion scheduled por-
tion 2 supported by the supporting portion 15inabuckling
prevented state while expanding the expansion sched-
uled portion 2. This assuredly prevents buckling of the
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expansion scheduled portion 2.

[0150] Although some embodiments of the present in-
vention were explained above, the present invention is
not limited to the aforementioned embodiments and al-
lows various modifications.

[0151] For example, in the aforementioned embodi-
ment, although both the expansion scheduled portions 2
and 2 of the raw material 1 are bent simultaneously, in
the present invention, only one of the expansion sched-
uled portions 2 and 2 of the raw material 1 can be bent.
[0152] Moreover, in the aforementioned embodiment,
the number of expansion scheduled portions 2 of the raw
material 1 is two. In the present invention, however, the
expansion scheduled portion 2 of the raw material 1 can
be only one portion, such as, e.g., an axial one end port
ion of the raw material 1, or an axial intermediate portion
thereof. Moreover, in the present invention, in cases
where only one expansion scheduled portion 2 of the raw
material 1 is bent, the guide 20 can be pivotally moved
about the pivotal axis P, the receiving die 11 can be piv-
otally moved about the pivotal axis P, or the guide 20 and
the receiving die 11 can be pivotally moved in the reverse
directions about the pivotal axis P.

[0153] Moreover, in the present invention, the expan-
sion can be completed with a part of the expansion sched-
uled portion 2 of the raw material 1 remained in the in-
sertion hole 21 of the guide 20 at the expansion step, or
the expansion can be completed immediately after ex-
truding the entire expansion scheduled portion 2 out of
the insertion hole 21 of the guide 20.

[0154] Moreover, inthe presentinvention, the raw ma-
terial 1 can be in a heated state or in a non-heated state
at the time of the processing. That is, in the present in-
vention, the processing temperature conditions of the raw
material 1 are not limited.

[0155] Needless to say, the upsetting apparatus and
the upsetting method according to the present invention
are not limited to an apparatus or a method for manufac-
turing a preform for forming an arm for vehicles, and can
be used in manufacturing various preforms for industrial
products, such as, e.g., a reform for shafts, a preform for
frames, a preform for connecting rods, or a preform for
pistons for use in compressors.

[0156] Figs. 7 to 14 are figures for explaining a third
embodiment of the present invention. This third embod-
iment is made in view of the aforementioned prior art
background described in the column of "Background
Art, " and further in view of the technical background
mentioned below.

[0157] In a conventional upsetting method, in general,
an expansion scheduled portion of araw material is even-
ly expanded radially outwardly around the entire periph-
ery thereof.

[0158] Thus, a conventional upsetting method is used
to mainly manufacture a preform for manufacturing an
industrial product. However, among industrial products,
for example, in the case of an eyeglass-frame-shaped
arm for automobiles, although a connecting portion to be
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connected to another component is formed at the end
portion of the shank portion, this connecting portion is
expanded only in the width directions but almost not in
the thickness direction. In the case of manufacturing a
preform for such a product, there were the following dif-
ficulties.

[0159] Thatis, in the aforementioned upsetting meth-
od, the expansion scheduled portion of the raw material
is expanded radially outwardly in a uniform manner along
the entire periphery thereof as mentioned above. There-
fore, after the upsetting, it was necessary to subject the
expanded portion to a further processing (i.e., secondary
processing), such as, e.g., pressurizing the expanded
portion into a connecting portion having a flat shape, or
cutting the expanded portion. Consequently, there were
such drawbacks that the number of manufacturing steps
increases or the rate of the material yield deteriorates.
[0160] Onthe other hand, in the case of manufacturing
a preform by an upsetting method using a forming die
having a closed-cavity, i.e., by a restricted upsetting
method, a heavy load is needed at the time of pressuriz-
ing the expansion scheduled portion of the raw material
arranged in the closed-cavity of the forming die. This re-
quires a punch driving device capable of generating a
heavy load, resulting in an increased purchase cost of
an upsetting apparatus.

[0161] Furthermore, generally, when manufacturing a
product having a shape in which an expanded portion is
bent with respect to the axial direction among products
of various kinds, it is preferable to use a preform previ-
ously formed into such a shape to reduce the number of
manufacturing steps and improve the rate of material
yield.

[0162] In a conventional upsetting method, however,
it was difficult to form a preform having a shape in which
the expanded portion is bent with respect to the axial
direction. On the other hand, it can be proposed a method
in which an expanded portion is formed and then this
expanded portion is subjected to a bending process.
However, this method has a drawback that a heavy load
is required to bent the expanded portion. Furthermore,
in this proposal method, in the case of bending the ex-
panded portion, there are drawbacks that the expanded
portion itself is not bent but the neck portion between the
expanded portion and the shank portion is bent, and/or
wrinkles are generated at the inner bending side surface
of the expanded portion, resulting in deteriorated surface
quality. Under the circumstances, it was very difficult to
bend an expanded portion after forming the expanded
portion.

[0163] The third embodiment of the present invention
was made in view of the conventional technical back-
ground described in the above-mentioned column of
[Background Art] and the aforementioned technical back-
ground. Other than the aforementioned purposes, anoth-
er purpose is to provide an upsetting method capable of
expanding an expansion scheduled portion of a raw ma-
terial radially outwardly in a state in which a peripheral
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prescribed portion of the expansion scheduled portion is
restricted to be expanded and also capable of manufac-
turing an upsetting manufactured product having a shape
in which the expanded portion is bent with respect to the
axial direction under a lighter load. Still another purpose
is to provide an upsetting manufactured product obtained
by the method, and an upsetting apparatus used for the
method.

[0164] Another objects and advantages of the present
invention will be apparent from the following preferable
embodiments.

[0165] In Fig. 7, the reference numeral "110" denotes
an upsetting apparatus according to a third embodiment
ofthe presentinvention. "101" denotes a bar-shaped raw
material.

[0166] In Fig. 7, the reference numeral "105" denotes
an upsetting manufactured product processed by the up-
setting apparatus 110. The upsetting manufactured prod-
uct 105 has expanded portions 106 unevenly expanded
radially outwardly at each end of the cylindrical shank
portion 107. The shank portion 107 is straight. Both the
expanded portions 106 and 106 are the same in config-
uration. The expanded state of each expanded portion
106 will be detailed. Each expanded portion 106 is ex-
panded in its widthwise side into an approximately circu-
lar-arc-shape and not expanded or almost not expanded
in its thickness side. Therefore, each expanded portion
106 is formed into a slightly distorted circular disc shape
with a thickness approximately the same as the diameter
ofthe shank portion 107. Furthermore, the expanded por-
tion 106 is bent in the width direction with respect to the
axial direction. More specifically, the expanded amount
of the expanded portion 106 opposite to the widthwise
bent side of the expanded portion 106 is larger than the
expanded amount of the widthwise bent side of the ex-
panded portion 106. That is, the expanded portion 106
is expanded more than the side opposite to the bent side.
Thus, the expanded portion 106 is unevenly expanded
in the peripheral direction.

[0167] This upsetting manufactured product 105 is
used as a preform for manufacturing a predetermined
product. Therefore, inthe presentinvention, the upsetting
apparatus 110 can be regarded as a manufacturing ap-
paratus for a preform, and the upsetting method can be
regarded as a manufacturing method of a preform.
[0168] In this embodiment, this upsetting manufac-
tured product 105 can be used as a preform for manu-
facturing an arm for use in vehicles, such as, e.g., cars
or railroad vehicles. Each expanded portion 106 of this
upsetting manufactured product 105 is a portion to be
processed at a post-step into a connecting portion (for
example, bush mounting portion) to be connected to an-
other component. As a process to be performed at the
post-step, a hole punching for making a holding hole for
mounting a bush in the expanded portion 106 can be
exemplified.

[0169] As shown in Figs. 7 and 10, this raw material
101 has an axial intermediate portion as a non-expansion
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scheduled portion 103 and axial both end portions as
expansion scheduled portions 102. The non-expansion
scheduled portion 103 of the raw material 101 corre-
sponds to a shank portion 107 of the upsetting manufac-
tured product 105 after the upsetting.

[0170] This rawmaterial 101 is a straight solid round
bar having a predetermined length, and made of metal,
more specifically, aluminum or aluminum alloy. The raw
material 101 is circular in cross-section, and has a diam-
eter constant along the axial direction.

[0171] In the present invention, the substance of the
raw material 101 is not limited to aluminum or aluminum
alloy, and can be any metal, such as, e.g., brass, copper
(including its alloy), or stainless steel, or can be any plas-
tic. Among other things, it is preferable that it is aluminum
or aluminum alloy. Moreover, the cross-sectional shape
of the raw material 101 is not limited to a circular shape,
and can be a polygon, such as, e.g., a square or a hex-
agon. Moreover, the raw material 101 can be, for exam-
ple, an extruded material, or a continuously cast rolled
material manufactured by a Properzi method, or a mate-
rial manufactured by any other method.

[0172] The diameter of the raw material 101 is, e.g.,
10 to 30 mm (more specifically, 16 mm). For example, in
the upsetting manufactured product 105, the diameter of
the expanded portion 106 is 30 to 100 mm (more specif-
ically, 50 mm or the like), the thickness of the expanded
portion 106 is from a diameter of the raw material 101 to
a diameter of the raw material 101 plus(+) 30 mm (more
specifically, 26 mm or the like), and the length of the
shank portion 107 is 20 to 300 mm (more specifically,
160 mm). In the presentinvention, however, the diameter
of the raw material 101 and the dimension of each portion
of the upsetting manufactured product 105 are not limited
to the aforementioned dimension. For example, for the
purpose of attaining the object of the present invention
in accordance with the manufacturing of a desired prod-
uct such as an arm for vehicles, the diameter of the raw
material 101 and the dimension of each portion of the
upsetting manufactured product 105 can be set up.
[0173] This upsetting apparatus 110 is equipped with
a receiving die 111, two guides 120 and 120, two guide
driving devices 125 and 125, two punches 130 and 130,
two punch driving devices 131 and 131, and two bending
devices 140 and 140.

[0174] The receiving die 111 is configured to hold the
material of the expansion scheduled portion 102 at the
time of expanding each expansion scheduled portion 102
of the raw material 101, and has a receiving face 113 at
each of the axial both end portions of the receiving die
111. Furthermore, this receiving die 111 is provided with
a holding hole 112 straightly extended in the axial direc-
tion so as to communicate both the receiving faces 113
and 113. Therefore, as shown in Fig. 8, an end opening
of the holding hole 112 is formed at each of the receiving
faces 113 and 113 of the receiving die 111.

[0175] The holding hole 112 of the receiving die 111
is configured to hold the non-expansion scheduled por-
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tion 103 of the rawmaterial 101 in a buckling prevented
state and in an axial movement prevented state. This
holding hole 112 can also be regarded as a raw material
mounting hole for attaching the raw material 101 in the
receiving die 111. The cross-sectional shape of the hold-
ing hole 112 is a shape corresponding to the cross-sec-
tional shape of the non-expansion scheduled portion 103
of the raw material 101, i.e., a circular shape. Further-
more, the diameter of this holding hole 112 is set to be
slightly smaller than the diameter of the non-expansion
scheduled portion 103 of the raw material 101. The re-
ceiving die 111 is divided into two members by a dividing
plane 119 crossing the holding hole 112. The non-ex-
pansion scheduled portion 103 of the raw material 101
is fitted in between the divided grooves of the holding
hole 112 formed by the divided members of the receiving
die 111, and then both the divided members are integrally
combined. Thereby, the non-expansion scheduled por-
tion 103 of the raw material 101 is immovably held in the
holding hole 112 in a buckling prevented state and in an
axial movement prevented state.

[0176] Both the receiving faces 113 and 113 of the
receiving die 111 are the same in structure. As shown in
Fig. 8, each receiving face 113 of the receiving die 111
is formed into a concave surface having an circular arc
cross-sectional shape in the widthwise direction of the
expansion scheduled portion 102 of the raw material 101.
Thus, each receiving face 113 is formed into a die surface
for forming a part of each widthwise side of the expansion
scheduled portion 102 of the raw material 101 into a pre-
determined shape (that is, circular-arc-shape).

[0177] Furthermore, at the portions of each receiving
face 113 of the receiving die 111 opposed with each other
crossing the holding hole 112 and located at both thick-
ness direction sides of the expansion scheduled portion
102 of the raw material 101, an expansion preventing
side wall portion 114 is integrally formed at the receiving
die 111 die so as to protrude in the axial direction of the
receiving die 111 (i.e., in the axial direction of the raw
material 101), respectively. Both these side wall portions
114 and 114 are extended along the receiving faces 113
and arranged in an opposed manner. These side wall
portions 114 and 114 control the expansion of the con-
tacting portion of the expansion scheduled portion 102
by coming into contact with the thickness direction both
side surfaces of the expansion scheduled portion 102 at
the time of expanding the expansion scheduled portion
102 of the raw material 101.

[0178] Furthermore, the side portion of each receiving
face 113 of the receiving die 111 for bending the expan-
sion scheduled portion 102 constitutes a supporting por-
tion 115 for supporting the expansion scheduled portion
102 of the raw material 101 in a buckling prevented state.
[0179] Two guides 120 and 120 are the same in struc-
ture. As shown in Fig. 9, each guide 120 has an insertion
hole 121 for inserting and holding the corresponding ex-
pansion scheduled portion 102 of the raw material 101
in buckling prevented state. This insertion hole 121 pen-
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etrates the guide 120 along its axial direction. The inlet
opening of the insertion hole 121 is formed at the basal
end portion of the guide 120, while the outlet opening of
the insertion hole 121 is formed at the tip end portion of
the guide 120. The cross-sectional shape of the insertion
hole 121 is the same as the cross-sectional shape of the
expansion scheduled portion 102 of the raw material 101,
so that the expansion scheduled portion 102 of the raw
material 101 is axially slidably fitted in the insertion hole
121. The raw material 101 is inserted in the insertion hole
121 with the expansion scheduled portions 102 of the
raw material 101 arranged in the insertion holes 121, and
the expansion scheduled portions 102 of the raw material
101 is held within the insertion hole 121 in a buckling
prevented state.

[0180] Furthermore, at portions of the tip end portion
of each guide 120 opposed with each other crossing the
insertion hole 121 and located at the thickness direction
both sides of the expansion scheduled portion 102 of the
rawmaterial 101, an expansion preventing protruded por-
tion 122 protruded in the axial direction of the guide 120
is integrally formed at the guide 120. Both these protrud-
ed portions 122 and 122 are arranged so as to oppose
each other. The tip end portion 122b of each protruded
portion 122 is formed into a generally circular-arc-shape
protruded toward the tip end and extended in the width-
wise direction of the expansion scheduled portion 102 of
the raw material 101. Both the protruded portions 122
and 122 control expansion of contacting portions of the
expansion scheduled portion 102 by coming into contact
with the thickness both side surfaces of the expansion
scheduled portion 102 at the time of expanding the ex-
pansion scheduled portion 102 of the raw material 101.
[0181] On the other hand, as shown in Fig. 8, at por-
tions near each receiving face 113 of the receiving die
111, a supporting wall portion 116 which comes into con-
tact with the outside surface of one of the protruded por-
tions 122 and 122 of the guide 120 to support the pro-
truded portion 122 is formed at the receiving die 111 so
as to protrude in the axial direction of the receiving die
111.

[0182] Moreover, as shown in Figs. 7 and 10, each
guide 120 is accommodated and held in a guide holder
123 in an axially slidable manner. In addition, in Fig. 7,
the reference numeral "124" denotes a spacer disposed
between the guide 120 and the guide holder 123 to re-
duce the slide frictional force therebetween.

[0183] Two punches 130 and 130 are the same in
structure. Each punch 130 is for pressurizing the corre-
sponding expansion scheduled portion 102 of the raw
material 101 in the axial direction thereof. Both the punch-
es 130 and 130 are arranged so as to be opposed each
other at both sides of the axial direction of the raw material
101.

[0184] Two punch driving devices 131 and 131 are the
same in structure. Each punch driving device 131 is for
moving the corresponding punch 130 in the axial direc-
tion of the raw material 101. This punch driving device
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31 is connected to the corresponding punch 130. By op-
erating the punch driving device 131, the punch 130 is
moved to pressurize the expansion scheduled portion
102 of the raw material 101 in the axial direction. As a
driving source of the punch driving device 131, for exam-
ple, a fluid-pressure cylinder (e.g., a hydraulic cylinder,
or a gas cylinder) can be used.

[0185] Two guide driving devices 125 and 125 are the
same in structure. Each guide driving device 125 is for
moving the guide 120 in a direction opposite to the mov-
ing direction of the corresponding punch 130 (i.e., in the
pressurizing direction to the rawmaterial expansion
scheduled portion 102 by the corresponding punch 130).
As the driving source of this driving device 125, for ex-
ample, a fluid-pressure cylinder (e.g., a hydraulic cylin-
der, or a gas cylinder) can be used. By moving the guide
120 with this driving device 125, an expansion space E
will be formed between the tip end portion of the guide
120 and the receiving face 113 of the receiving die 111
(see Fig. 11). This expansion space E is a space in which
the expansion scheduled portion 102 of the raw material
101 is radially outwardly expanded. In other words, in
this expansion space E, the expansion scheduled portion
102 of the raw material 101 is expanded.

[0186] Twobending devices 140and 140 are the same
in structure. Each bending device 140 is for bending the
expansion scheduled portion 102 in the width direction
at the time of expanding each expansion scheduled por-
tion 102 of the raw material 101. In this embodiment, the
bending device 140 is configured to bend the expansion
scheduled portion 102 of the raw material 101 in its width
direction into a circular-arc-shape by pivotally moving the
guide 120 about an axis parallel to the thickness direction
of the expansion scheduled portion 102 of the raw ma-
terial 101 (hereinafter referred to as "pivotal axis P") as
a pivotal axis perpendicular to a plane including the axis
of the raw material 101.

[0187] In this embodiment, the raw material 101 is ar-
ranged horizontally, while the thickness direction of the
expansion scheduled portion 102 of the raw material 101
coincides with the up-and-down direction. Therefore, the
pivotal axis P of the guide 120 extends in the up-and-
down direction.

[0188] Each bending device 140 is equipped with a
guide pivotally moving mechanism 141 which causes a
pivotal movement of the guide 120 about the pivotal axis
P.

[0189] Each guide pivotally moving mechanism 141 is
provided with arail 142 extending in a circular arc manner
centered on the pivotal axis P and arranged on a hori-
zontal floor (not shown), a stage 143 capable of moving
along the circular arc-shaped rail 142, and a stage driving
device 144 for moving the stage 143 along the circular-
arc-shaped rail 142. As a driving source of the stage driv-
ing device 144, for example, a fluid pressure cylinder
(e.g., a hydraulic cylinder, or a gas cylinder) is connected
to the stage 143. On the stage 143, a guide holder 123
is installed via guide holder moving rails 151 and 151
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which will be mentioned later. As mentioned above, the
guide 120 is accommodated in the guide holder 123.
[0190] In this guide pivotally moving mechanism 141,
by operating the stage driving device 144, as shown in
Figs. 11 and 12, the guide 120 is moved along the circu-
lar-arc-shaped rail 142 together with the stage 143,
whereby the guide 120 is pivotally moved about the piv-
otal axis P. Thus, the pivotal movement of the guide 120
causes bending of the expansion scheduled portion 102
of the raw material 101 in the width wise direction during
the expansion process.

[0191] In the present invention, the guide pivotally
moving mechanism 141 is not limited to the aforemen-
tioned mechanism utilizing an circular-arc-shaped rail
142, and can be, for example, a gear mechanism.
[0192] Furthermore, this upsetting apparatus 110 is
equipped with two change mechanisms 150 and 150
each for changing the position of the pivotal axis P of
each guide 20.

[0193] Both the change mechanisms 150 are 150 are
the same in structure. As shown in Figs. 7 and 10, each
change mechanism 150 has guide holder moving rails
151 and 151 laid on the stage 143, a guide holder driving
device 152 for moving the guide holder 123 on the rails
151 and 151, receiving die moving rails 153 and 153, and
receiving die driving devices 154 and 154 for moving the
receiving die 111 on the rails 153 and 153. The receiving
die 111 is moved by the driving force of the receiving die
driving devices 154 and 154 along the receiving die mov-
ing rails 153 and 153. The guide holder moving rail 151
and the receiving die moving rail 153 are laid on a hori-
zontal floor surface (not shown) so as to extend in a di-
rection perpendicular to the material axis and in a hori-
zontal direction. As a driving source of the guide holder
driving device 154, for example, a fluid-pressure cylinder
is connected to the receiving die 111. Moreover, for ex-
ample, a fluid-pressure cylinder is connected to the guide
holder 123 as a driving source of the guide holder driving
device 152.

[0194] Inthis change mechanism 150, as shownin Fig.
14, the guide 120 is moved together with the entire guide
holder 123 relative to the stage 143 along the rails 151
by operating the guide holder driving device 152. At the
same time, the receiving die 111 is moved along the rails
153 by operating the receiving die driving device 154.
The moving direction of the guide 120 and the receiving
die 111 is, for example, a width direction of the expansion
scheduled portion 102 of the raw material 101. Thus, the
position of pivotal axis P can be changed by moving both
the guide 120 and the receiving die 111 in the same di-
rection.

[0195] The position of the pivotal axis P can be on the
axis of the raw material 101 as shown in Fig. 10, and can
also be a position distant from the axis of the raw material
101 as shown in Fig. 14. That s, in the present invention,
the position of the pivotal axis P can be variously changed
under the conditions that the receiving die 111 and the
guide 120 do not interfere at the time of the bending step.
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[0196] Next, an upsetting method using the aforemen-
tioned upsetting apparatus 110 will be explained below.
[0197] First, as shown in Figs. 7 and 10, the non-ex-
pansion scheduled portion 103 of the raw material 101
is disposed in the holding hole 112 of the receiving die
111. Thus, the non-expansion scheduled portion 103 of
the raw material 101 is held in the holding hole 112 in a
buckling prevented state and in an axial movement pre-
vented state.

[0198] Furthermore, both the expansion scheduled
portions 102 and 102 of the raw material 101 are dis-
posed in the corresponding insertion hole 121 of the
guide 120 [Arrangement Step of a raw material expan-
sion scheduled portion]. Thereby, each expansion
scheduled portion 102 of the raw material 101 is held
withinthe insertion hole 121 in abuckling prevented state.
In this state, the supporting wall portion 116 is in contact
with one of the protruded portions 122 and 122 of the
guide 120, whereby the protruded portion 122 is support-
ed by the supporting wall portion 116.

[0199] Subsequently, the guides 120 are simultane-
ously each moved in a direction opposite to the moving
direction of the corresponding punch 130 by the corre-
sponding guide driving device 125 while simultaneously
pressurizing both the expansion scheduled portions 102
and 102 of the raw material 101 in the axial direction by
the corresponding punch 130. With this, as shown in Fig.
11, both the expansion scheduled portions 102 and 102
of the raw material 101 exposed between the tip end
portion of each guide 120 and the corresponding receiv-
ing face 113 of the receiving die 111 are simultaneously
expanded radially outwardly, respectively, in a state in
which expansion of both the thickness side contacting
protons of each expansion scheduled portion 102 in con-
tact with both the protruded portions 122 and 122 of the
guide 120 are controlled and also in a state in which ex-
pansion of both the thickness side contacting portions of
each expansion scheduled portion 102 in contact with
both the wall portions 114 and 114 of the receiving die
111 is controlled [Expansion Step].

[0200] Now, a portion of the expansion scheduled por-
tion 102 of the raw material 101 which will be expanded
radially outwardly at this expansion step will be detailed
below. The portion denotes a portion other than the con-
tacting portions of the expansion scheduled portion 102
in contact with both the protruded portions 122 and 122
of the guide 120, and a portion other than the contacting
portions of the expansion scheduled portion 102 in con-
tact with both the side wall portions 114 and 114 of the
receiving die 111. That is, the expansion scheduled por-
tion 102 will be expanded radially outwardly such that
the non-contacting portion not in contact with both the
protruded portions 122 and 122 of the guide 120 and
both the side wall portions 114 and 114 of the receiving
die 111 will be expanded radially outwardly.

[0201] Furthermore, as shownin Fig. 11, in this expan-
sion step, both the expansion scheduled portions 102
and 102 are simultaneously bent in the width direction
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thereof with the corresponding bending device 140 while
simultaneously expanding both the expansion scheduled
portions 102 and 102 of the raw material 101 [Bending
Step].

[0202] Thebending method by this bending device 140
will be explained as follows.

[0203] That is, in a state in which the position of the
receiving die 111 is fixed, both the stage driving devices
144 and 144 of both the bending devices 140 and 140
are operated simultaneously while simultaneously ex-
panding both the expansion scheduled portions 102 and
102 of the raw material 101 at the expansion step. As a
result, in a state in which a part of the expansion sched-
uled portion 102 of the raw material 101 remains in the
insertion hole 121 of each guide 120, each guide 120 is
pivotally moved about the pivotal axis P together with the
entire stage 143 along the circular-arc-shaped rail 142.
As the guide 120 is pivotally moved as mentioned above
while expanding the expansion scheduled portion 102 of
the raw material 101, the expansion scheduled portion
102 of the raw material 101 is bent in the width direction
with the expansion scheduled portion 102 supported by
the supporting portion 115 in a buckling prevented state.
At the time of this expansion, the material of the expan-
sion scheduled portion 102 can be received by the re-
ceiving face 113 of the receiving die 111.

[0204] The traveling speed of the stage 143, namely,
the speed for bending the expansion scheduled portion
102 of the raw material 101, can be arbitrarily set de-
pending on the desired shape of the expanded portion
106.

[0205] In this embodiment, although the stage driving
devices 144 and 144 of both the bending devices 140
and 40 are operated simultaneously, the present inven-
tion does not necessarily require such simultaneous op-
eration. That is, in the present invention, it is not neces-
sary to bend both the expansion scheduled portions 102
and 102 simultaneously. One of the expansion scheduled
portions 102 and 102 can be first bent, and thereafter the
other expansion scheduled portion 102 can be bent.
[0206] Then, as shown in Fig. 12, when each expan-
sion scheduled portion 102 of the raw material 101 has
been expanded into a predetermined shape, the move-
ment of the stage 143 and the punch 130 will be stopped.
At the same time, the movement of the guide 120 will be
stopped.

[0207] Subsequently, the raw material 101 is taken out
from the holding hole 112 of the receiving die 111 to ob-
tain a desired upsetting manufactured product 105
shown in Fig. 13.

[0208] The upsetting manufactured product 105 ob-
tained as mentioned above is used as a preform, and the
expanded portion 106 is subjected to a post-process as
needed. As such post-process, hole punching for open-
ing a holding hole for holding a bush in the expanded
portion 106 can be exemplified.

[0209] In this upsetting method, at the time of the ini-
tiation of pressurizing the expansion scheduled portion
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102 of the raw material 101 by the punch 130, i.e., at the
time of the initiation of expanding the expansion sched-
uled portion 102 of the raw material 101, the length of
the expansion scheduled portion 102 of the raw material
101 exposed between the tip end portion of the guide
120 and the receiving face 113 of the receiving die 111
is set to be not larger than the buckling limit length (pref-
erably below the buckling limit length) of the expansion
scheduled portion 102.

[0210] A time lag can be set between the initiation of
pressurizing the raw material expansion scheduled por-
tion 102 by the punch 130 and the initiation of moving
the guide 120. This increases the cross-sectional area
of the expansion scheduled portion 102 at the early stage
of the expansion, resulting in more assured prevention
of the buckling.

[0211] With this upsetting method, in manufacturing a
preform for a product having an expanded portion 106
expanded in the widthwise direction with the thickness
side expansion prevented and bent with respect to the
axial direction, a preform having a shape more closer to
a product can be manufactured.

[0212] In this upsetting method, at both the expansion
step and the bending step, the raw material 101 is not
rotated about its axis, i.e., the raw material 101 is not
self-axially rotated. Therefore, the expansion scheduled
portion 102 of the raw material 101 can be expanded
unevenly in the peripheral direction. On the other hand,
in the case of bending the expansion scheduled portion
102 of the raw material 101 while self-axially rotating the
raw material 101, the expansion scheduled portion 102
will be expanded evenly in the peripheral direction, and
therefore uneven expansion cannot be attained.

[0213] According to the upsetting method of the afore-
mentioned third embodiment, by moving the guide 120
in a direction opposite to the moving direction of the
punch 130 while pressurizing the expansion scheduled
portion 102 of the raw material 101 with the punch 130
in the axial direction, the expansion scheduled portion
102 of the raw material 101 exposed between the tip end
portion of the guide 120 and the receiving face 113 of
the receiving die 111 will be expanded radially outwardly.
Therefore, buckling of the raw material 101, which may
occur at the time of upsetting, can be prevented.
[0214] Furthermore, at the expansion step, since the
expansion scheduled portion 102 is bent in the width di-
rection while expanding the expansion scheduled portion
102 of the raw material 101, the expansion scheduled
portion 102 can be bent under a lighter load, and it is
possible to prevent occurrence of wrinkles at the bending
inner side surface portion of the expanded portion 106.
[0215] Furthermore, since the expansion scheduled
portion 102 is bent in the width direction while expanding
the expansion scheduled portion 102 of the raw material
101, the expansion of the expansion scheduled portion
102 can be performed under a lighter load. That is, when
the expansion scheduled portion 102 is bent while pres-
surizing the expansion scheduled portion 102 in the axial
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direction in order to expand the expansion scheduled por-
tion 102 of the raw material 101, the expansion scheduled
portion 102 is deformed so as to be expanded toward
the side opposite to the bending side of the expansion
scheduled portion 102 by the same principle as stretch
forming. Therefore, as compared with the case in which
the expansion scheduled portion 102 is expanded with-
out bending the expansion scheduled portion 102, the
expansion of the expansion scheduled portion 102 can
be performed under a lighter load.

[0216] Furthermore, the expansion scheduled portion
102 of the raw material 101 is expanded radially outward-
ly in a state in which the expansion of the contacting
portion of the thickness direction both sides of the ex-
pansion scheduled portion 102 in contact with both the
protruded portions 122 and 122 of the guide 120 is con-
trolled and in the state in which the expansion of the con-
tacting portion of the thickness direction both side sur-
faces of the expansion scheduled portion 102 in contact
with both the side wall portions 114 and 114 of the re-
ceiving die 111 is controlled. Therefore, the expansion
of the thickness direction both sides of the expansion
scheduled portion 102 can be controlled assuredly. As a
result, an expanded portion 106 in which the expansion
of the thickness direction both sides is controlled assur-
edly can be formed.

[0217] Furthermore, at the expansion step, since both
the expansion scheduled portions 102 and 102 of the
raw material 101 are simultaneously expanded radially
outwardly, an upsetting manufactured product 105 hav-
ing expanded portions 106 and 106 formed at the axial
end portions can be manufactured efficiently.

[0218] Moreover, since each receiving face 113 of the
receiving die 111 is formed into a die surface for forming
a part of the width direction both sides of the expansion
scheduled portion 102 of the raw material 101 into a pre-
determined shape, the width direction both sides of the
expansion scheduled portion 102 of the raw material 101
can be formed into a shape close to a product shape,
respectively.

[0219] Moreover, at the bending step, the expansion
scheduled portion 102 of the raw material 101 can be
assuredly bentinto the width direction by pivotally turning
the guide 120 about the pivotal axis P parallel to the thick-
ness direction of the expansion scheduled portion 102
of the raw material 101.

[0220] Moreover, since the tip end portion of each pro-
truded portion 122 of the guide 120 is formed into a con-
vex circular-arc-shape curved along the widthwise direc-
tion of the expansion scheduled portion 102 of the raw
material 101, the interference of the tip end portion 122b
of the protruded portion 122 of the guide 120 to the re-
ceiving die 111 can be prevented at the bending step.
[0221] Naturally, in this upsetting method, since a
forming die having a closed-cavity is not used, process-
ing can be performed at low cost.

[0222] Furthermore, since this upsetting apparatus
110 is equipped with the change mechanism 150 for
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changing the position of the pivotal axis P of the guide
120, the position of the pivotal axis P can be changed in
accordance with the bent shape of the desired expanded
portion 106. Therefore, the bent shape of the expanded
portion 106 can be changed variously.

[0223] Furthermore, since the expansion scheduled
portion 102 is bent with the expansion scheduled portion
102 of the raw material 101 supported in a buckling pre-
vented state by the supporting portion 115, buckling of
the expansion scheduled portion 102 can be assuredly
prevented at the time of the bending step.

[0224] Although some embodiments of the present in-
vention were explained above, the present invention is
not limited to the aforementioned embodiments, and var-
ious changes can be applied.

[0225] For example, in the aforementioned embodi-
ment, both the expansion scheduled portions 102 and
102 of the raw material 101 are bent. In the present in-
vention, however, other than the above, only one of the
expansion scheduled portions 102 and 102 of the raw
material 101 can be bent.

[0226] In the aforementioned embodiment, the raw
material 101 has two expansion scheduled portions 102.
In the present invention, however, only one portion of the
raw material 101, such as, e.g., one of the axial side
portions of the expansion scheduled portion 102 of the
raw material 101, or an axial intermediate portion, can
be bent. Moreover, in the present invention, in cases
where the number of the expansion scheduled portion
102 of the raw material 101 is one, the guide 120 can be
pivotally moved about the pivotal axis P as shown in the
aforementioned embodiment, or the receiving die 111
can be pivotally moved about the pivotal axis P without
moving the guide 120 with the position of the guide 120
fixed. Furthermore, both the guide 120 and the receiving
die 111 can be pivotally moved about the pivotal axis P.
[0227] Furthermore, in the aforementioned embodi-
ment, the number of the protruded portions 122 of each
guide 120 is two. In the present invention, however, the
number of the protruded portions 122 can be one.
[0228] Furthermore, in the aforementioned embodi-
ment, the number of the side wall portions 114 of each
receiving face 113 of the receiving die 111 is two. In the
present invention, however, the number of the side wall
portions 114 can be one.

[0229] Furthermore, in the aforementioned embodi-
ment, at the tip end portion of each of two guides 120
and 120, a protruded portion 122 is provided. In the
present invention, however, for example, the protruded
portion 122 can be provided only at the tip end portion
of one of the two guides 120 and 120.

[0230] Furthermore, in the aforementioned embodi-
ment, at both the receiving faces 113 and 113 of the
receiving die 111, the side wall portions 114 are provided.
In the present invention, however, for example, the side
wall portion 114 can be provided only at one of the re-
ceiving faces 113 and 113 among both the receiving fac-
es 113 and 113 of the receiving die 111.
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[0231] Moreover, in the present invention, at the ex-
pansion step, the expansion can be completed with a
part of the expansion scheduled portion 102 of the raw-
material 101 remained in the insertion hole 121 of the
guide 120, or the expansion can be completed immedi-
ately after the pushing of the entire expansion scheduled
portion 102t out of the insertion hole 121 of the guide 120.
[0232] Moreover, in the present invention, at the time
of the expansion step and the bending step, the raw ma-
terial 101 can be heated or not heated. That is, in the
presentinvention, the processing temperature conditions
of the raw material 101 are not limited.

[0233] Naturally, the upsetting method and the upset-
ting apparatus according to the present invention are not
limited to a method or apparatus for manufacturing a pre-
form for manufacturing an arm for vehicles. They can be
used to manufacture various preforms for industrial prod-
ucts, such as, e.g., a preform for shafts, a preform for
frames, a preform for connecting rods, or a preform for
pistons of a compressor.

[0234] This application claims priority to Japanese Pat-
ent Application No. 2005-262192 filed on September 9,
2005, U.S. Provisional Application No. 60/716,520 filed
on September 14, 2005, Japanese Patent Application
No. 2005-307849 filed on October 21, 2005, and U.S.
Provisional Application No. 60/730,366 filed on October
27,2005, the entire disclosures of which are incorporated
herein by reference in their entireties.

[0235] 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.
[0236] While the present invention may be embodied
in many different forms, a number of illustrative embod-
iments are described herein with the understanding that
the present disclosure is to be considered as providing
examples of the principles of the invention and such ex-
amples are notintended to limit the invention to preferred
embodiments described herein and/or illustrated herein.
[0237] While illustrative embodiments of the invention
have been described herein, the present invention is not
limited to the various preferred embodiments described
herein, but includes any and all embodiments having
equivalent elements, modifications, omissions, combina-
tions (e.g., of aspects across various embodiments), ad-
aptations and/or alterations as would be appreciated by
those in the art based on the present disclosure. The
limitations in the claims are to be interpreted broadly
based on the language employed in the claims and not
limited to examples described in the present specification
or during the prosecution of the application, which exam-
ples are to be construed as non-exclusive.

INDUSTRIAL APPLICABILITY

[0238] The present invention can be applied to an up-
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setting method and an upsetting apparatus used in man-
ufacturing a product having an expanded portion expand-
ed radially outwardly, such as, e.g., an arm or a connect-
ing rod for vehicles (cars, rail road vehicles, etc.).

Claims
1. An upsetting method, comprising the steps of:

attaching a bar-shaped raw material to a receiv-
ing die in an axial movement prevented state,
and arranging an expansion scheduled portion
of the raw material in an insertion hole formed
in a guide for holding the expansion scheduled
portion of the raw material in a buckling prevent-
ed state; and

then radially outwardly expanding the expansion
scheduled portion of the raw material exposed
between a tip end portion of the guide and the
receiving die by moving the guide in a direction
opposite to a moving direction of a punch while
pressurizing the expansion scheduled portion of
the raw material with the punch in an axial di-
rection,

wherein the expansion scheduledportion is bent
while expanding the expansion scheduled portion of
the raw material.

2. The upsetting method as recited in claim 1, wherein
the expansion scheduled portion is bent in a state in
which the expansion scheduled portion is supported
by a supporting portion arranged at an expansion
scheduled portion bending side with respect to the
expansion scheduled portion of the raw material in
a buckling prevented state.

3. The upsetting method as recited in claim 1 or 2,
wherein the expansion scheduled portion of the raw
material is bent by pivotally moving at least one of
the guide and the receiving die about a pivotal axis
perpendicular to a plane including an axis of the raw
material.

4. An upsetting manufactured product obtained by the
upsetting method as recited in claim 1.

5. An upsetting method, comprising the steps of:

attaching an axial intermediate portion of a bar-
shaped raw material to a receiving die in an axial
movement prevented state, and arranging ex-
pansion scheduled portions of axial both end
portions of the raw material in an insertion hole
for holding the expansion scheduled portion of
the raw material formed in a guide in a buckling
prevented state, respectively; and then
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10.

simultaneously expanding both the expansion
scheduled portions of the raw material exposed
between a tip end portion of each guide and the
receiving die radially outwardly, respectively, by
moving each guide in a direction opposite to a
moving direction of a corresponding punch while
simultaneously pressurizing both the expansion
scheduled portions of the raw material with the
punch in an axial direction, respectively,

wherein atleast one of both the expansion scheduled
portions of the raw material is bent while simultane-
ously expanding both the expansion scheduled por-
tions of the raw material, respectively.

The upsetting method as recited in claim 5, wherein
the expansion scheduled portion is bent in a state in
which the expansion scheduled portion is supported
by a supporting portion arranged at an expansion
scheduled portion bending side with respect to the
expansion scheduled portion of the raw material in
a buckling prevented state.

The upsetting method as recited in claim 5 or 6,
wherein the expansion scheduled portion of the raw
material is bent by pivotally moving the guide about
a pivotal axis perpendicular to a plane including a
raw material axis.

An upsetting manufactured product obtained by the
upsetting method as recited in claim 5.

An upsetting apparatus, comprising:

a receiving die to which a bar-shaped raw ma-
terial is attached in an axial movement prevent-
ed state;

a guide having an insertion hole for holding an
expansion scheduled portion of the raw material
in a buckling prevented state;

a punch for pressurizing the expansion sched-
uled portion of the raw material arranged in the
insertion hole of the guide in an axial direction;
and

a guide driving device for moving the guide in a
direction opposite to a moving direction of the
punch,

wherein the upsetting apparatus is configured to ra-
dially outwardly expand the expansion scheduled
portion of the raw material exposed between a tip
end portion of the guide and the receiving die, and
wherein a bending device for bending the expansion
scheduled portion of the raw material is provided.

The upsetting apparatus as recited in claim 9, where-
in the upsetting apparatus is configured to bend the
expansion scheduled portion of the raw material by



1.

12

13.

14.

15.

16.

39

the bending device while expanding the expansion
scheduled portion of the raw material.

The upsetting apparatus as recited in claim 9 or 10,
further comprising a supporting portion arranged at
a bending side of the expansion scheduled portion
of the raw material with respect to the expansion
scheduled portion to support the expansion sched-
uled portion in a buckling prevented state.

The upsetting apparatus as recited in claim 9, where-
in the bending device is configured to bend the ex-
pansion scheduled portion of the raw material by piv-
otally moving at least one of the guide and the re-
ceiving die about a pivotal axis perpendicular to a
plane including a raw material axis.

The upsetting apparatus as recited in claim 12, fur-
ther comprising a change mechanism for changing
a position of the pivotal axis.

An upsetting apparatus, comprising:

a receiving die to which a bar-shaped raw ma-
terial is attached in an axial movement prevent-
ed state;

two guides each having an insertion hole for
holding each of axial both end expansion sched-
uled portions of the raw material in a buckling
prevented state;

two punches each for pressurizing each expan-
sion scheduled portion of the raw material ar-
ranged in the insertion hole of each guide in an
axial direction; and

two guide driving devices each for moving each
guide in a direction opposite to a moving direc-
tion of the corresponding punch,

wherein the upsetting apparatus is configured to ra-
dially outwardly expand both the expansion sched-
uled portions of the raw material each exposed be-
tween a tip end portion of the guide and the receiving
die, and

wherein a bending device for bending at least one
of the expansion scheduled portions of the raw ma-
terial is provided.

The upsetting apparatus as recited in claim 14,
wherein the upsetting apparatus is configured to
bend the expansion scheduled portion of the raw ma-
terial by the bending device while expanding the ex-
pansion scheduled portion of the raw material.

The upsetting apparatus as recited in claim 14 or 15,
further comprising a supporting portion arranged at
a bending side of the expansion scheduled portion
of the raw material with respect to the expansion
scheduled portion to support the expansion sched-
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17.

18.

19.

20.

40
uled portion in a buckling prevented state.

The upsetting apparatus as recited in claim 14,
wherein the bending device is configured to bend
the expansion scheduled portion of the raw material
by pivotally moving the guide about a pivotal axis
perpendicular to a plane including a raw material ax-
is.

The upsetting apparatus as recited in claim 17, fur-
ther comprising a changing mechanism for changing
a position of the pivotal axis.

An upsetting method, comprising:

a step of preparing an upsetting apparatus
equipped with a receiving die having a receiving
face and a holding hole for holding a non-expan-
sion scheduled portion of a bar-shaped raw ma-
terial in a buckling prevented state formed at the
receiving face, a guide having an insertion hole
for holding an expansion scheduled portion of
the raw material in a buckling prevented state,
and a punch, wherein an expansion preventing
protruded portion integrally protruded at a tip
end portion of the guide in an axial direction of
the guide;

a step of arranging the expansion scheduled
portion of the raw material in the insertion hole
of the guide with the non-expansion scheduled
portion held in the holding hole of the receiving
die;

a step of radially outwardly expanding the ex-
pansion scheduled portion of the raw material
exposed between a tip end portion of the guide
and the receiving face of the receiving die in a
state in which an expansion of a contacting por-
tion of at least one of thickness side surfaces of
the expansion scheduled portions in contact
with the guide protruded portion is controlled by
moving the guide in a direction opposite to a
moving direction of the punch while pressurizing
the expansion scheduled portion of the raw ma-
terial with the punch in an axial direction after
the step of arranging the expansion scheduled
portion of the raw material; and

a step of bending the expansion scheduled por-
tion of the raw material in its width direction while
expanding the expansion scheduled portion of
the raw material expand at the expansion step.

The upsetting method as recited in claim 19, wherein
an expansion preventing side wall portion is provided
at the receiving face of the receiving die in a protrud-
ed manner, and wherein at the expansion step, the
expansion scheduled portion of the raw material is
expanded radially outwardly in a state in which an
expansion of a contacting portion of at least one of
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thickness side surfaces of the expansion scheduled
portion in contact with the guide protruded portion is
controlled and also in a state in which a contacting
portion of at least one of thickness side surfaces of
the expansion scheduled portion in contact with the
receiving die side wall portion is controlled.

The upsetting method as recited in claim 20, wherein
the receiving die side wall portion is protruded from
the receiving face of the receiving die at each of thick-
ness side surfaces of the expansion scheduled por-
tion of the raw material.

The upsetting method as recited in claim 19, wherein
the protruded portion of the guide is integrally pro-
vided at each of portions of a tip end portion of the
guide opposed across the insertion hole.

The upsetting method as recited in claim 19, wherein
the receiving face of the receiving die is formed into
a forming face for forming at least a portion of at least
one side surface among widthwise side surfaces of
the expansion scheduled portion of the raw material.

The upsetting method as recited in claim 19, wherein
atthe bending step, the expansion scheduled portion
of the raw material is bent in its widthwise direction
by pivotally moving at least one of the guide and the
receiving die about a pivotal axis parallel to a thick-
ness direction of the expansion scheduled portion of
the raw material.

The upsetting method as recited in claim 24, wherein
the tip end portion of the protruded portion of the
guide is formed into an circular-arc-shape forwardly
protruded along the widthwise direction of the ex-
pansion scheduled portion of the raw material.

The upsetting method as recited in claim 19, wherein
atthe bending step, the expansion scheduled portion
of the raw material is bent in its widthwise direction
in a state in which the expansion scheduled portion
is supported by a supporting portion arranged at an
expansion scheduled portion bending side with re-
spect to the expansion scheduled portion of the raw
material in a buckling prevented state.

An upsetting manufactured product obtained by the
upsetting method as recited in claim 19.

An upsetting method

a step of preparing an upsetting apparatus equipped
with a receiving die having receiving faces at both
axial end portions and a holding hole for holding a
non-expansion scheduled portion of an axial central
portion of a bar-shaped raw material in a buckling
prevented state formed so as to communicate both
the receiving faces, two guides each having an in-
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sertion hole for holding an expansion scheduled por-
tion of the raw material in a buckling prevented state,
and two punches, wherein an expansion preventing
protruded portion is protruded from a tip end portion
of atleast one of the guides in an axial direction there-
of;

a step of arranging both the expansion scheduled
portions of the raw material in a respective insertion
hole of the guide with the non-expansion scheduled
portion held in the holding hole of the receiving die;
a step of radially outwardly expanding the expansion
scheduled portion of the raw material exposed be-
tween a tip end portion of each guide and the receiv-
ing face of the receiving die in a state in which an
expansion of a contacting portion of at least one of
thickness side surfaces of the expansion scheduled
portions in contact with the guide protruded portion
is controlled by moving each guide in a direction op-
posite to a moving direction of the corresponding
punch while pressurizing both the expansion sched-
uled portions of the raw material with the punches in
an axial direction after the step of arranging the ex-
pansion scheduled portion of the raw material; and
a step of bending at least one of the expansion
scheduled portions in its width direction while ex-
panding both the expansion scheduled portions of
the raw material in the expansion step.

The upsetting method as recited in claim 28, wherein
an expansion preventing side wall portion is provided
at at least one of the receiving faces of the receiving
die in a protruded manner, and

wherein at the expansion step, both the expansion
scheduled portions of the raw material are simulta-
neously expanded radially outwardly in a state in
which an expansion of a contacting portion of at least
one of thickness side surfaces of the expansion
scheduled portion in contact with the guide protruded
portion is controlled and also in a state in which a
contacting portion of at least one of thickness side
surfaces of the expansion scheduled portion in con-
tact with the receiving die side wall portion is con-
trolled.

The upsetting method as recited in claim 29, wherein
the receiving die side wall portion is protruded from
thereceiving face of the receiving die at each of thick-
ness side surfaces of the expansion scheduled por-
tion of the raw material.

The upsetting method as recited in claim 28, wherein
the protruded portion of the guide is integrally pro-
vided at each of portions of a tip end portion of the
guide opposed across the insertion hole.

The upsetting method as recited in claim 28, wherein
at least one of the receiving faces of the receiving
die is formed into a forming face for forming at least



33.

34.

35.

36.

37.

43

a portion of at least one side among widthwise side
surfaces of the expansion scheduled portion of the
raw material.

The upsetting method as recited in claim 28, wherein
atthe bending step, the expansion scheduled portion
of the raw material is bent in its widthwise direction
by pivotally moving the guide about a pivotal axis
parallel to a thickness direction of the expansion
scheduled portion of the raw material.

The upsetting method as recited in claim 33, wherein
the tip end portion of the protruded portion of the
guide is formed into an circular-arc-shape forwardly
protruded along the widthwise direction of the ex-
pansion scheduled portion of the raw material.

The upsetting method as recited in claim 28, wherein
atthe bending step, the expansion scheduled portion
of the raw material is bent in its widthwise direction
in a state in which the expansion scheduled portion
is supported by a supporting portion arranged at an
expansion scheduled portion bending side with re-
spect to the expansion scheduled portion of the raw
material in a buckling prevented state.

An upsetting manufactured product obtained by the
upsetting method as recited in claim 28.

An upsetting apparatus, comprising:

a receiving die having a receiving face and a
holding hole for holding a non-expansion sched-
uled portion of a bar-shaped raw material in a
buckling prevented state formed at the receiving
face;

a guide having an insertion hole for holding an
expansion scheduled portion of the raw material
in a buckling prevented state;

a punch for pressurizing the expansion sched-
uled portion of the raw material arranged in the
insertion hole of the guide in an axial direction;
and

a guide driving device for moving the guide in a
direction opposite to a moving direction of the
punch,

wherein the upsetting apparatus is configured to ra-
dially outwardly expand the expansion scheduled
portion of the raw material exposed between a tip
end portion of the guide and the receiving face of the
receiving die,

wherein an expansion preventing protruded portion
protruded in an axial direction of the guide is inte-
grally provided at the tip end portion of the guide,
wherein the protruded portion of the guide is config-
ured to control an expansion of a contacting portion
of the expansion scheduled portion by a contact with
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at least one of thickness side surfaces of the expan-
sion scheduled portion at the time of expanding the
expansion scheduled portion of the raw material, and
wherein the upsetting apparatus further comprises
a bending device for bending the expansion sched-
uledportion of the rawmaterial in its width direction.

The upsetting apparatus as recited in claim 37,
wherein the bending device is configured to bend
the expansion scheduled portion of the raw material
in its width direction at the time of expanding the
expansion scheduled portion of the raw material.

The upsetting apparatus as recited in claim 37,
wherein an expansionpreventing side wall portion is
provided at the receiving face of the receiving die in
a protruded manner, and

wherein the side wall portion of the receiving die con-
trols expansion of a contacting portion of the expan-
sion scheduled portion by a contact with at least one
side surfaces among thickness side surfaces of the
expansion scheduled portion at the time of expand-
ing the expansion scheduled portion of the raw ma-
terial.

The upsetting apparatus as recited in claim 39,
wherein the receiving die side wall portion is protrud-
edfromthe receiving face of the receiving die at each
of thickness side surfaces of the expansion sched-
uled portion of the raw material.

The upsetting apparatus as recited in claim 37,
wherein the protruded portion of the guide is inte-
grally provided at each of portions of a tip end portion
of the guide opposed across the insertion hole.

The upsetting apparatus as recited in claim 37,
wherein the receiving face of the receiving die is
formed into a forming face for forming at least a por-
tion of at least one side surface among widthwise
side surfaces of the expansion scheduled portion of
the raw material.

The upsetting apparatus as recited in claim 37,
wherein the bending device is configured to bend
the expansion scheduled portion of the raw material
in its widthwise direction by pivotally moving at least
one of the guide and the receiving die about a pivotal
axis parallel to a thickness direction of the expansion
scheduled portion of the raw material.

The upsetting apparatus as recited in claim 43,
wherein the tip end portion of the protruded portion
of the guide is formed into an circular-arc-shape for-
wardly protruded along the widthwise direction of the
expansion scheduled portion of the raw material.

The upsetting apparatus as recited in claim 43, fur-
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ther comprising a change mechanism for changing
a position of the pivotal axis.

The upsetting apparatus as recited in claim 37, fur-
ther comprising a supporting portion arranged at a
bending side of the expansion scheduled portion with
respect to the expansion scheduled portion of the
rawmaterial to support the expansion scheduledpor-
tion in a buckling prevented state.

An upsetting apparatus, comprising:

a receiving die having receiving faces at axial
both end portions and a holding hole for holding
a non-expansion scheduled portion of a bar-
shaped raw material in a buckling prevented
state formed so as to communicate both the re-
ceiving faces;

two guides each having an insertion hole for
holding an expansion scheduled portion of the
raw material in a buckling prevented state;

two punches each for pressurizing the expan-
sion scheduled portion of the raw material ar-
ranged in the insertion hole of each guide in an
axial direction; and

two guide driving devices each for moving each
guide in a direction opposite to a moving direc-
tion of the corresponding punch,

wherein the upsetting apparatus is configured to ra-
dially outwardly expand both the expansion sched-
uled portions of the raw material exposed between
atip end portion of each guide and the corresponding
receiving face of the receiving die,

wherein an expansion preventing protruded portion
protruded in an axial direction of the guide is provided
at the tip end portion of at least one of the guides,
wherein the protruded portion of the guide is config-
ured to control an expansion of a contacting portion
of the expansion scheduled portion by a contact with
at least one of thickness side surfaces of the expan-
sion scheduled portion at the time of expanding the
expansion scheduled portion of the raw material, and
wherein the upsetting apparatus further comprises
a bending device for bending at least one of the ex-
pansion scheduled portions of the raw material in a
width direction.

The upsetting apparatus as recited in claim 47,
wherein the bending device is configured to bend
the expansion scheduled portion of the raw material
in its width direction at the time of expanding the
expansion scheduled portion of the raw material.

The upsetting apparatus as recited in claim 47,
wherein expansion preventing side wall portion is
provided at at least one of the receiving faces of the
receiving die in a protruded manner, and
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wherein the side wall portion of the receiving die con-
trols an expansion of a contacting portion of the ex-
pansion scheduled portion by a contact with at least
one side surfaces among thickness side surfaces of
the expansion scheduled portion at the time of ex-
panding the expansion scheduled portion of the raw
material.

The upsetting apparatus as recited in claim 49,
wherein the receiving die side wall portion is protrud-
edfromthe receiving face of the receiving die at each
of thickness side surfaces of the expansion sched-
uled portion of the raw material.

The upsetting apparatus as recited in claim 47,
wherein the protruded portions of the guide is inte-
grally provided at each of portions of a tip end portion
of the guide opposed across the insertion hole.

The upsetting apparatus as recited in claim 47,
wherein at least one of the receiving faces of the
receiving die is formed into a forming face for forming
at least a portion of at least one side surface among
widthwise side surfaces of the expansion scheduled
portion of the raw material into a predetermined
shape.

The upsetting apparatus as recited in claim 47,
wherein the bending device is configured to bend
the expansion scheduled portion of the raw material
in its widthwise direction by pivotally moving the
guide about a pivotal axis parallel to a thickness di-
rection of the expansion scheduled portion of the raw
material.

The upsetting apparatus as recited in claim 53,
wherein the tip end portion of the protruded portion
of the guide is formed into an circular-arc-shape for-
wardly protruded along the widthwise direction of the
expansion scheduled portion of the raw material.

The upsetting apparatus as recited in claim 53, fur-
ther comprising a change mechanism for changing
a position of the pivotal axis.

The upsetting apparatus as recited in claim 47, fur-
ther comprising a supporting portion arranged at a
bending side of the expansion scheduled portion with
respect to the expansion scheduled portionof the
rawmaterial to support the expansion scheduledpor-
tion in a buckling prevented state.
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