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(54) UPSETTING METHOD AND UPSETTING DEVICE

(57) A upsetting method and an upsetting device ca-
pable of efficiently increasing the diameter of a bar-like
material at at least two positions. In the method, a plurality
of guides (31) and (32) having insertion holes (34) are
prepared, and the bar-like material (1) fixed to a fixed die
(20) is inserted into the insertion holes (34) of the plurality
of guides (31) and (32) in order and held therein. Next,
while the material (1) is axially pressed by a punch (50R),
the plurality of guides (31) and (32) are integrally moved
in a direction opposite to the moving direction of the

punch (50R) in a mutually fitted state to increase the di-
ameter of the first exposed part (4) of the material (1)
exposed between the first guide (31) disposed on the
forefront among the plurality of guides (31) and (32) and
the fixed die (20). After the first guide (31) is moved, the
second guide (32) disposed on the rear side of the first
guide (31) among the plurality of guides (31) and (32) is
moved in the direction opposite to the moving direction
of the punch (50R) to increase the diameter of the second
exposed part of the material (1) exposed between the
both guides (31) and (32).
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Description

Technical Field

[0001] The present invention relates to an upsetting method and an upsetting apparatus for radially expanding two or
more portions of a bar-shaped raw material.

Background Art

[0002] In general, upsetting is executed to expand a diameter of a certain portion of a material by pressurizing a bar-
shaped raw material in an axial direction thereof. In this upsetting, if a material buckles at the time of the working, the
obtained product (upsetting manufactured product) becomes poor in shape (e.g., wrinkles, scratches, etc.), which causes
degradation in value as a product. Therefore, in order to prevent the occurrence of such buckling, the following upsetting
method is conventionally known.
[0003] That is, in this method, a raw material is fixed to a fixed die, and the raw material is inserted into an insertion
hole formed in a guide to be held in a buckling prevention state. Subsequently, a guide is moved in a direction opposite
to a punch moving direction while pressurizing the raw material in the axial direction with a punch, to thereby radially
expand an exposed portion of the raw material exposed between the tip end portion of the guide and the fixed die (see
Patent Documents 1 and 2).

Patent Document 1: Japanese Unexamined Laid-open Patent Publication No. S48-62646

Patent document 2: Japanese Unexamined Laid-open Patent Publication No. H09-253782

Disclosure of Invention

Problems to be Solved by Invention

[0004] In cases where two portions of a raw material are to be expanded in diameter by the aforementioned conventional
upsetting method, it can be considered that one portion of the raw material is expanded in diameter, and then the raw
material is reversed, thereafter the remaining portion is expanded in diameter. However, this method has a problem that
the number of steps required for the work increases since the reversing work of the raw material was required.
[0005] The present invention was made in view of the aforementioned technical background, and aims to provide an
upsetting method capable of radially expanding at least two portions of a bar-shaped raw material efficiently, and an
upsetting apparatus preferably used for the upsetting method.

Means for solving the Problem

[0006] The present invention provides the following means.
[0007] [1] An upsetting method, comprising the steps of:

preparing a plurality of guides each having an insertion hole penetrated in an axial direction for holding a bar-shaped
raw material in a buckling preventing state;
inserting and holding the raw material secured to a fixed die in each insertion hole of the plurality of guides in order; then
expanding a first exposed portion of the raw material exposed between a first guide located at the foremost side of
the plurality of guides and the fixed die by moving the plurality of guides in a direction opposite to a moving direction
of a punch in a mutually adhering manner while pressurizing the raw material in the axial direction with the punch; and
after completion of movement of the first guide, expanding a second exposed portion of the raw material exposed
between a second guide and the first guide by relatively moving the second guide located behind the first guide
among the plurality of guides in a direction opposite to a moving direction of the punch.

[0008] [2] The upsetting method as recited in the aforementioned Item 1, wherein "G" satisfies a relational expression of 

when t0<T, in a case in which the first exposed portion of the raw material is expanded in diameter in a non-restricted state,
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where
"P" denotes an average moving speed of the punch from a moving initiation thereof,
"G" denotes an average moving speed of the first guide from a moving initiation thereof,
"X0" denotes a buckling limit length at a cross-sectional area of the raw material before executing the upsetting,
"X1" denotes a buckling limit length at a cross-sectional area of a diameter expanded portion to be formed by diameter
expansion of the first exposed portion of the raw material,
"X" denotes an initial clearance between the first guide and the fixed die (0�X�X0),
"t0" denotes a time lag from the moving initiation of the punch to the moving initiation of the first guide (0�t0),
"10" denotes a length of the raw material before executing the upsetting required for the diameter expanded portion, and
"T" denotes an upsetting time from the moving initiation of the punch.
[0009] [3] The upsetting method as recited in the aforementioned Item 1 , wherein "G" satisfies a relational expression of 

in a case in which the first exposed portion of the raw material is expanded in diameter in a molding dented portion
formed in the fixed die,
where
"P" denotes an average moving speed of the punch from the moving initiation,
"G" denotes an average moving speed of the first guide from the moving initiation,
"X0" denotes a buckling limit length at a cross-sectional area of the raw material before executing the upsetting,
"X" denotes an initial clearance between a front end potion of the first guide and a bottom portion of the molding dented
portion (0�X�X0),
"L0" denotes a length of the raw material before the upsetting required for the diameter expanded portion to be formed
by diameter expansion of the first exposed portion,
"XP" denotes a stop position of the tip end portion of the punch with respect to the bottom portion of the molding dented
portion obtained from a designed volume of the diameter expanded portion,
"Xg" denotes a stop position of the front end portion of the first guide with respect to the bottom portion of the molding
dented portion defined by design, and
"t0" denotes a time lag from the moving initiation of the punch to the moving initiation of the first guide (0�t0).
[0010] [4] The upsetting method as recited in any one of the aforementioned Items 1 to 3, wherein at least the first
guide among the plurality of guides is capable of being divided into a plurality of pieces by a dividing face vertically
crossing the insertion hole.
[0011] [5] The upsetting method as recited in any one of the aforementioned Items 1 to 4, wherein the raw material
is a round bar-shaped rolled material.
[0012] [6] The upsetting method as recited in the aforementioned Item 5, wherein the raw material is a cast rolled
material.
[0013] [7] The upsetting method as recited in the aforementioned Item 5, wherein the raw material is a continuously
cast rolled material.
[0014] [8] The upsetting method as recited in any one of the aforementioned Items 5 to 7, wherein the first exposed
portion of the raw material and the second exposed portion thereof are expanded in diameter with lubricant adhering to
a peripheral surface of each insertion hole of the plurality of guides and/or a surface of the raw material.
[0015] [9] The upsetting method as recited in any one of the aforementioned Items 1 to 8, wherein the first exposed
portion of the raw material is expand in diameter with a portion of the raw material corresponding to the front end portion
of the first guide partially heated.
[0016] [10] The upsetting method as recited in the aforementioned Item 9, wherein the portion of the raw material
corresponding to the front end portion of the first guide is partially induction-heated by an induction-heating means.
[0017] [11] The upsetting method as recited in the aforementioned Item 9, wherein the portion of the raw material
corresponding to the front end portion of the first guide is partially heated by partially induction-heating the front end
portion of the first guide by an induction-heating means.
[0018] [12] The upsetting method as recited in any one of the aforementioned Items 9 to 11, wherein the portion of
the raw material corresponding to the front end portion of the first guide is partially heated into a half-molten state.
[0019] [13] The upsetting method as recited in any one of the aforementioned Items 9 to 12, wherein the first exposed
portion of the raw material is expand in diameter in a state in which a portion of the raw material corresponding to a
portion of the first guide located behind the front end portion of the first guide is partially cooled.
[0020] [14] The upsetting method as recited in any one of the aforementioned Items 1 to 13, wherein the second
exposed portion of the raw material is expand in diameter with a portion of the raw material corresponding to a front end
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portion of the second guide partially heated.
[0021] [15] The upsetting method as recited in the aforementioned Item 14, wherein the portion of the raw material
corresponding to the front end portion of the second guide is partially induction-heated by an induction-heating means.
[0022] [16] The upsetting method as recited in the aforementioned Item 14, wherein the portion of the raw material
corresponding to the front end portion of the second guide is partially heated by partially induction-heating the front end
portion of the second guide by an induction-heating means.
[0023] [17] The upsetting method as recited in any one of the aforementioned Items 14 to 16, wherein the portion of
the raw material corresponding to the front end portion of the second guide is partially heated into a half-molten state.
[0024] [18] The upsetting method as recited in any one of the aforementioned Items 14 to 17, wherein the second
exposed portion of the raw material is expand in diameter in a state in which a portion of the raw material corresponding
to a portion of the second guide located behind the front end portion of the second guide is partially cooled.
[0025] [19] An upsetting manufactured product obtained by the upsetting method as recited in any one of the afore-
mentioned Items 1 to 18.
[0026] [20] An upsetting method, comprising the steps of:

preparing a plurality of one-side-portion guides each having an insertion hole penetrated in an axial direction for
holding one side portion out of axial both side portions of a bar-shaped raw material in a buckling preventing state,
the guides being to be arranged in the axial direction, at least one the-other-side-portion guide having an insertion
hole penetrated in an axial direction for holding the other side portion of the raw material in a buckling preventing
state, a one-side-portion punch for pressurizing one side portion of the raw material in an axial direction, and a the-
other-side-portion punch for pressurizing the other side portion of the raw material in an axial direction;
inserting and holding the one side portion of the raw material with the axial intermediate portion secured to a fixed
die in each insertion hole of the plurality of one-side-portion guides in order, and inserting and holding the other side
portion of the raw material in the insertion hole of the-other-side-portion guide;
subsequently expanding a first exposed portion of the raw material exposed between the first guide placed at the
foremost side among the plurality of one-side-portion guides and the fixed die by integrally moving the plurality of
one-sides-portion guides in a direction opposite to the moving direction of the one-side-portion punch in a mutually
adhering manner while pressurizing one side portion of the raw material in an axial direction with the one-side-
portion punch;
after termination of movement of the first guide, expanding a second exposed portion of the raw material exposed
between the second guide and the first guide by mutually moving the second guide placed behind the first guide
among the plurality of one-sides-portion guides in a direction opposite to a moving direction of the one-side-portion
punch;
expanding a third exposed portion of the raw material exposed between the-other-side-portion guide and the fixed
die by moving the-other-side-portion guide in a direction opposite to the moving direction of the-other-side-portion
punch while pressurizing the other side portion of the raw material in an axial direction with the-other-side-portion
punch simultaneously with pressurizing of the one side portion of the raw material with the one-side-portion punch.

[0027] [21] The upsetting method as recited in the aforementioned Item 20, wherein "G" satisfies a relational expression
of 

when t0<T, in a case in which the first exposed portion of the raw material is expanded in diameter in a non-restricted state,
where
"P" denotes an average moving speed of the one-side-portion punch from a moving initiation thereof,
"G" denotes an average moving speed of the first guide from a moving initiation thereof,
"X0" denotes a buckling limit length at a cross-sectional area of the raw material before executing the upsetting,
"X1" denotes a buckling limit length at a cross-sectional area of a diameter expanded portion to be formed by diameter
expansion of the first exposed portion of the raw material,
"X" denotes an initial clearance between the first guide and the fixed die (0�X�X0),
"t0" denotes a time lag from the moving initiation of the one-side-portion punch to the moving initiation of the first guide
(0�t0),
"l0" denotes a length of the raw material before executing the upsetting required for the diameter expanded portion, and
"T" denotes an upsetting time from the moving initiation of the one-side-portion punch.
[0028] [22] The upsetting method as recited in the aforementioned Item 20, wherein "G" satisfies a relational expression
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of 

in a case in which the first exposed portion of the raw material is expanded in diameter in a molding dented portion
formed in the fixed die,
where
"P" denotes an average moving speed of the one-side-portion punch from the moving initiation thereof,
"G" denotes an average moving speed of the first guide from the moving initiation thereof,
"X0" denotes a buckling limit length at a cross-sectional area of the raw material before executing the upsetting,
"X" denotes an initial clearance between a front end potion of the first guide and the bottom portion of the molding dented
portion (0�X�X0),
"L0" denotes a length of the raw material before executing the upsetting required for the diameter expanded portion to
be formed by diameter expansion of the first exposed portion,
"XP" denotes a stop position of the tip end portion of the one-side-portion punch with respect to the bottom portion of
the molding dented port ion obtained from a designed volume of the diameter expanded portion,
"Xg" denotes a stop position of the front end portion of the first guide with respect to the bottom portion of the molding
dented portion defined by design, and
"t0" denotes a time lag from a moving initiation of the one-side-portion punch to the moving initiation of the first guide (0�t0).
[0029] [23] The upsetting method as recited in any one of the aforementioned Items 20 to 22, wherein at least the first
guide among the plurality of the one-side-portion guides is capable of being divided into a plurality of pieces by a dividing
face vertically crossing the insertion hole.
[0030] [24] The upsetting method as recited in any one of the aforementioned Items 20 to 23, wherein the raw material
is a round bar-shaped rolled material.
[0031] [25] The upsetting method as recited in the aforementioned Item 24, wherein the raw material is a cast rolled
material.
[26] The upsetting method as recited in the aforementioned Item 24, wherein the raw material is a continuously cast
rolled material.
[0032] [27] The upsetting method as recited in any one of the aforementioned Items 24 to 26, wherein the first exposed
portion of the raw material, the second exposed portion thereof and the third exposed portion thereof are expanded in
diameter with lubricant adhering to at least one of a peripheral surface of each insertion hole of the plurality of the one-
side-portion guides, a peripheral surface of the insertion hole of the other-side-portion guide and a surface of the raw
material.
[0033] [28] The upsetting method as recited in any one of the aforementioned Items 20 to 27, wherein the first exposed
portion of the raw material is expand in diameter with a portion of the raw material corresponding to a front end portion
of the first guide partially heated.
[0034] [29] The upsetting method as recited in the aforementioned Item 28, wherein the portion of the raw material
corresponding to the front end portion of the first guide is partially induction-heated by an induction-heating means.
[0035] [30] The upsetting method as recited in the aforementioned Item 28, wherein the portion of the raw material
corresponding to the front end portion of the first guide is partially heated by partially induction-heating the front end
portion of the first guide by an induction-heating means.
[0036] [31] The upsetting method as recited in any one of the aforementioned Items 28 to 30, wherein the portion of
the rawmaterial corresponding to the front end portion of the first guide is partially heated into a half-molten state.
[0037] [32] The upsetting method as recited in any one of the aforementioned Items 28 to 31, wherein the first exposed
portion of the raw material is expand in diameter in a state in which a portion of the raw material corresponding to a
portion of the first guide located behind the front end portion of the first guide is partially cooled.
[0038] [33] The upsetting method as recited in any one of the aforementioned Items 20 to 32, wherein the second
exposed portion of the raw material is expand in diameter with a portion of the raw material corresponding to a front end
portion of the second guide partially heated.
[0039] [34] The upsetting method as recited in the aforementioned Item 33, wherein the portion of the raw material
corresponding to the front end portion of the second guide is partially induction-heated by an induction-heating means.
[0040] [35] The upsetting method as recited in the aforementioned Item 33, wherein the portion of the raw material
corresponding to the front end portion of the second guide is partially heated by partially induction-heating the front end
portion of the second guide by an induction-heating means.
[0041] [36] The upsetting method as recited in any one of the aforementioned Items 33 to 35, wherein the portion of
the raw material corresponding to the front end portion of the second guide is partially heated into a half-molten state.
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[0042] [37] The upsetting method as recited in any one of the aforementioned Items 33 to 36, wherein the second
exposed portion of the raw material is expand in diameter in a state in which a portion of the raw material corresponding
to a portion of the second guide located behind the front end portion of the second guide is partially cooled.
[0043] [38] The upsetting method as recited in any one of the aforementioned Items 20 to 37, wherein the third exposed
portion of the raw material is expand in diameter with a portion of the raw material corresponding to a front end portion
of the third guide partially heated.
[0044] [39] The upsetting method as recited in the aforementioned Item 38, wherein the portion of the raw material
corresponding to the front end portion of the third guide is partially induction-heated by an induction-heating means.
[0045] [40] The upsetting method as recited in the aforementioned Item 38, wherein the portion of the raw material
corresponding to the front end portion of the third guide is partially heated by partially induction-heating the front end
portion of the third guide by an induction-heating means.
[0046] [41] The upsetting method as recited in any one of the aforementioned Items 38 to 40, wherein the portion of
the raw material corresponding to the front end portion of the third guide is partially heated into a half-molten state.
[0047] [42] The upsetting method as recited in any one of the aforementioned Items 38 to 41, wherein the third exposed
portion of the raw material is expand in diameter in a state in which a portion of the raw material corresponding to a
portion of the third guide located behind the front end portion of the third guide is partially cooled.
[0048] [43] An upsetting manufactured product obtained by the upsetting method as recited in any one of the afore-
mentioned Items 20 to 42.
[0049] [44] An upsetting apparatus, comprising:

a plurality of guides each having an insertion hole penetrated in an axial direction for holding a bar-shaped raw
material in a buckling preventing state, the guides being arranged in an axial direction;
a punch for pressurizing the raw material in an axial direction; and
a plurality of guide driving apparatuses for moving each guide of the plurality of guides in a direction opposite to a
moving direction of the punch.

[0050] [45] The upsetting apparatus as recited in the aforementioned Item 44, wherein at least the guide located at
the foremost side of the plurality of guides is capable of being divided into a plurality of pieces by a dividing face vertically
crossing the insertion hole.
[0051] [46] The upsetting apparatus as recited in the aforementioned Item 44 or 45, wherein the raw material is a
round bar-shaped rolled material, and wherein the upsetting apparatus further comprises lubricant applying means for
making lubricant adhere to a peripheral surface of each insertion hole of the plurality of guides and/or a surface of the
raw material.
[0052] [47] The upsetting apparatus as recited in the aforementioned Item 46, wherein the raw material is a cast rolled
material.
[0053] [48] The upsetting apparatus as recited in the aforementioned Item 46, wherein the raw material is a continuously
cast rolled material.
[0054] [49] The upsetting apparatus as recited in any one of the aforementioned Items 44 to 48, further comprising a
heating means for partially heating a portion of the raw material corresponding to the front end portion of at least one
guide among the plurality of guides.
[0055] [50] The upsetting apparatus as recited in the aforementioned Item 49, wherein the heating means is an
induction-heating means having an induction-hoating coil configured to partially induction-heat the portion of the raw
material corresponding to the front end portion of the at least one guide with the induction-heating means.
[0056] [51] The upsetting apparatus as recited in the aforementioned Item 49, wherein the heating means is an
induction-heating means having an induction-heating coil configured to partially heat the portion of the raw material
corresponding to the front end portion of the at least one guide by partially induction-heating the front end portion of the
at least one guide with the induction-heating means.
[0057] [52] The upsetting apparatus as recited in any one of the aforementioned Items 49 to 51, wherein the heating
means is capable of partially heating the portion of he raw material corresponding to the front end portion of the at least
one guide into a half-molten state.
[0058] [53] The upsetting apparatus as recited in any one of the aforementioned Items 49 to 52, further comprising a
cooling means for partially cooling a portion of the raw material corresponding to a portion of the at least one guide
located behind the front end portion of the at least one guide.
[0059] [54] An upsetting apparatus, comprising:

a plurality of one-side-portion guides each having an insertion hole penetrated in an axial direction for holding one
side portion of axial both side portions of a bar-shapod raw material in a buckling preventing state, the guides being
arranged in the axial direction;
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at least one the-other-side-portion guide having an insertion hole penetrated in an axial direction for holding the
other side portion of the raw material in a buckling preventing state;
a one-side-portion punch for pressurizing one side portion of the raw material in an axial direction;
a the-other-side-portion punch for pressurizing the other side portion of the raw material in an axial direction;
a plurality of one-side-portion guide driving apparatuses for moving each guide of the plurality of one-side-portion
guides in a direction opposite to the moving direction of the one-side-portion punch; and
a the-other-side-portion guide driving apparatus for moving the-other-side-portion guide in a direction opposite to a
moving direction of the-other-side-portion punch.

[0060] [55] The upsetting apparatus as recited in the aforementioned Item 54, wherein at least the first guide located
at the foremost side of the plurality of one-side portion guides is capable of being divided into a plurality of pieces by a
dividing face vertically crossing the insertion hole.
[0061] [56] The upsetting apparatus as recited in the aforementioned Item 54 or 55, wherein the raw material is a
round bar-shaped rolled material, and wherein the upsetting apparatus further comprises lubricant applying means for
making lubricant adhere to at least one of a peripheral surface of each insertion hole of the plurality of the one-side-
portion guides, a peripheral surface of the insertion hole of the-other-side guide and a surface of the raw material.
[0062] [57] The upsetting apparatus as recited in the aforementioned Item 56, wherein the raw material is a rolled
material.
[0063] [58] The upsetting apparatus as recited in the aforementioned Item 56, wherein the raw material is a continuously
rolled material.
[0064] [59] The upsetting apparatus as recited in any one of the aforementioned Items 54 to 58, further comprising a
heating means for partially heating a portion of the raw material corresponding to the front end portion of at least one
guide among the plurality of the one-side-portion guides and the-other-side-portion guide.
[0065] [60] The upsetting apparatus as recited in the aforementioned Item 59, wherein the heating means is an
induction-heating means having an induction-heating coil configured to partially induction-heat the portion of the raw
material corresponding to the front end portion of the at least one guide with an induction-heating means.
[0066] [61] The upsetting apparatus as recited in the aforementioned Item 59, wherein the heating means is an
induction-heating means having an induction-heating coil configured to partially heat the portion of the raw material
corresponding to the front end portion of the at least one guide by partially induction-heating the front end portion of the
at least one guide with the induction-heating means.
[0067] [62] The upsetting apparatus as recited in any one of the aforementioned Items 59 to 61, wherein the heating
means is capable of partially heating the portion of the raw material corresponding to the front end portion of the at least
one guide into a half-molten state.
[0068] [63] The upsetting apparatus as recited in any one of the aforementioned Items 59 to 62, further comprising a
cooling means for partially cooling a portion of the raw material corresponding to a portion of the at least one guide
located behind the front end portion of the at least one guide.

Effects of Invention

[0069] The present invention has the following effects.
[0070] According to the invention as recited in the aforementioned Item [1], at least two portions (the first exposed
portion and the second exposed portion) of the raw material can be expanded in diameter without requiring the reversing
of the raw material. Therefore, in expanding two or more portions of the raw material by the upsetting, the diameter
expansion working can be performed efficiently.
[0071] According to the invention as recited in the aforementioned Item [2], since the exposed portion of the raw
material is expanded in diameter in a non-restrained manner, the exposed portion can be expanded in diameter by a
low punch pressing force, i.e., a low molding pressure, which in turn can reduce the driving force for driving the punch.
Furthermore, since the exposed portion can be expanded in diameter without using an expensive forming die having a
molding dented portion, the manufacturing cost, i.e.. working cost, can be reduced.
[0072] Furthermore, when the average moving speed G from the moving initiation of the guide satisfies the prescribed
relational expression, the buckling which may sometimes cause at the time of working can be prevented assuredly.
[0073] According to the invention as recited in the aforementioned Item [3], the exposed portion of the raw material
can be assuredly expanded in diameter into a designed shape.
[0074] According to the invention as recited in the aforementioned Item [4], the removal of the upsetting manufactured
product from the guide insertion hole can be performed without problem after the completion of the working.
[0075] According to the invention as recited in the aforementioned Item [5], since the round bar-shaped raw material
made of a rolled material can be obtained or manufactured at low cost, the working cost can be reduced by using this
raw material as a raw material for the upsetting.
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[0076] Furthermore, this material is poor in circularity as compared with a round bar-shaped raw material made of an
extruded material. Therefore, when this raw material is inserted into the insertion hole of the guide, a gap will be inevitably
generated between the surface of the raw material and the peripheral surface of the insertion hole. Thus, the contact-
surface area therebetween is small. Therefore, since the frictional-resistance force at the time of slidably moving the
raw material in the insertion hole of the guide in the axial direction is small, the molding pressure can be reduced.
Therefore, as a punch driving apparatus for moving the punch, a small one can be used, enabling space-saving of an
installation space for the upsetting apparatus.
[0077] Furthermore, since the molding pressure can be reduced, there are following advantages. That is, if the molding
pressure is large, the end portion of the raw material can be sometimes crushed within the insertion hole of the guide
by the pressing force from the punch. In this case, some material of the raw material is introduced into the gap between
the peripheral surface of the punch and the peripheral surface of the insertion hole, causing an increased molding
pressure, which in turn causes a problem that it becomes impossible for the punch to move in the insertion hole in the
pressing direction with unworkable. When the molding pressure is reduced, such problem does not occur, resulting in
an efficient diameter expansion work of the raw material over a long region.
[0078] According to the invention as recited in the aforementioned Item [6], since the round bar-shaped raw material
made of a cast rolled material can be obtained or manufactured at low cost, the working cost can be further reduced by
using this raw material as a raw material for the upsetting.
[0079] According to the invention as recited in the aforementioned Item [7], since the round bar-shaped raw material
made of a continuously cast rolled material can be obtained or manufactured at low cost, the working cost can be still
further reduced by using this raw material as a raw material for the upsetting.
[0080] According to the invention as recited in the aforementioned Item [8], there are the following advantages. That
is, as mentioned above, since the round bar-shaped raw material made of a rolled material is low in circularity, when
this rawmaterial is inserted into the insertion hole of the guide, a gap will be generated inevitably between the surface
of the raw material and the peripheral surface of the insertion hole. In cases where the lubricant is adhering to the
peripheral surface of each insertion hole of the plurality of guides and/or the surface of the rawmaterial, the lubricant is
introduced into this gap and retained temporarily. Thereby, the application of the lubricant to the peripheral surface of
the insertion hole and the surface of the raw material is enhanced. That is, in accordance with the axial slide movement
of the raw material in the insertion hole at the time of working, the lubricant in the gap is applied to the peripheral surface
of the insertion hole and the surface of the raw material. Thereby, the frictional-resistance force between the peripheral
surface of the insertion hole and the surface of the raw material can be reduced assuredly, namely, the molding pressure
can be reduced assuredly.
[0081] According to the invention as recited in the aforementioned Item [9], since only the deformation resistance of
the portion of the rawmaterial corresponding to the front end portion of the first guide is partially reduced, the molding
pressure can be reduced.
[0082] On the other hand, since the portion of the raw material corresponding to the portion of the first guide located
behind the front end portion of the first guide, the deformation resistance will not be reduced. Therefore, it is possible to
prevent the increasing of the molding pressure to be caused by the expansion of the raw material within the insertion
hole of the first guide due to the pressing force by the punch.
[0083] According to the invention as recited in the aforementioned Item [10], the portion of the raw material corre-
sponding to the front end portion of the first guide can be heated assuredly and very efficiently.
[0084] According to the invention as recited in the aforementioned Item [11], the portion of the raw material corre-
sponding to the front end portion of the first guide can be heated assuredly and very efficiently.
[0085] According to the invention as recited in the aforementioned Item [12], the molding pressure can be reduced
significantly.
[0086] According to the invention as recited in the aforementioned Item [13], the heating of the portion of the raw
material corresponding to the portion of the first guide located behind the front end portion of the first guide can be
prevented assuredly. Therefore, deterioration of the deformation resistance of this portion of the raw material can be
restrained assuredly.
[0087] According to the invention as recited in the aforementioned Item [14], since deformation resistance is partially
reduced only at the portion of the raw material corresponding to the front end portion of the second guide, the molding
pressure can be reduced.
[0088] On the other hand, since the portion of the raw material corresponding to the portion of the second guide located
behind the front end portion of the second guide is not heated, the deformation resistance would not be reduced.
Therefore, it is possible to prevent the increasing of the molding pressure to be caused by the expansion of the raw
material within the insertion hole of the second guide due to the pressing force by the punch.
[0089] According to the invention as recited in the aforementioned Item [15], the portion of the raw material corre-
sponding to the front end portion of the second guide can be heated assuredly and very efficiently.
[0090] According to the invention as recited in the aforementioned Item [16], the portion of the raw material corre-
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sponding to the front end portion of the second guide can be heated assuredly and very efficiently.
[0091] According to the invention as recited in the aforementioned Item [17], the molding pressure can be reduced
significantly.
[0092] According to the invention as recited in the aforementioned Item [18], the heating of the portion of the raw
material corresponding to the portion of the second guide located behind the front end portion of the second guide can
be prevented assuredly. Therefore, deterioration of the deformation resistance of this portion of the raw material can be
restrained assuredly.
[0093] According to the invention as recited in the aforementioned Item [19], a high quality upsetting manufactured
product in which two or more diameter expanded portions are formed can be provided.
[0094] According to the invention as recited in the aforementioned Item [20], at least three portions (the first exposed
portion, the second exposed portion and the third exposed portion) of the raw material can be expanded in diameter
without requiring the reversing of the raw material. Therefore, in expanding three or more portions of the raw material
by the upsetting, the diameter expansion working can be performed efficiently.
[0095] According to the invention as recited in the aforementioned Item [21] to [37], the same effects as in the invention
as recited in the aforementioned Items [2] to [18] can be attained.
[0096] According to the invention as recited in the aforementioned Item [38], since only the deformation resistance of
the portion of the raw material corresponding to the front end portion of the third guide is partially reduced, the molding
pressure can be reduced.
[0097] On the other hand, since the portion of the raw material corresponding to the portion of the third guide located
behind the front end portion of the third guide, the deformation resistance will not be reduced. Therefore, it is possible
to prevent the increasing of the molding pressure to be caused by the expansion of the raw material within the insertion
hole of the other side portion guide due to the pressing force by the punch.
[0098] According to the invention as recited in the aforementioned Item [39], the portion of the raw material corre-
sponding to the front end portion of the third guide can be heated assuredly and very efficiently.
[0099] According to the invention as recited in the aforementioned Item [40], the portion of the raw material corre-
sponding to the front end portion of the third guide can be heated assuredly and very efficiently.
[0100] According to the invention as recited in the aforementioned Item [41], the molding pressure can be reduced
significantly.
[0101] According to the invention as recited in the aforementioned Item [42], the heating of the portion of the raw
material corresponding to the portion of the third guide located behind the front end portion of the third guide can be
prevented assuredly. Therefore, deterioration of the deformation resistance of the portion of the raw material can be
restrained assuredly.
[0102] According to the invention as recited in the aforementioned Item [43], a high quality upsetting manufactured
product in which three or more diameter expanded portions are formed can be provided.
[0103] According to the invention as recited in the aforementioned Item [44] to [53], an upsetting apparatus preferably
used for the unsetting method of the invention as recited in any one of the aforementioned Items [1] to [18] can be provided.
[0104] According to the invention as recited in the aforementioned Item [54] to [63], an upsetting apparatus preferably
used for the unsetting method of the invention as recited in any one of the aforementioned Items [20] to [42] can be
provided.

Brief Description of Drawings

[0105]

Fig. 1 is a vertical cross-sectional view of a principal part of an upsetting apparatus showing the state before radially
expanding prescribed portions of a raw material with the upsetting apparatus according to a first embodiment of the
present invention.
Fig. 2 is a vertical cross-sectional view of the principal part of the upsetting apparatus showing the state in which
prescribed portions of the raw material is being expanded in diameter with the upsetting apparatus.
Fig. 3 is a vertical cross-sectional view of the principal part of the upsetting apparatus showing the state in which
the prescribed portions of the raw material are being further expanded with the upsetting apparatus.
Fig. 4 is a vertical cross-sectional view of the principal part of the upsetting apparatus showing the state after
expanding the prescribed portions of the raw material with the upsetting apparatus.
Fig. 5 is a plan view of an upsetting manufactured product obtained using the upsetting apparatus.
Fig. 6 is a vertical cross-sectional view of a principal part of an upsetting apparatus showing the state before expanding
prescribed portions of a raw material with the upsetting apparatus according to a second embodiment of the present
invention.
Fig. 7 is a vertical cross-sectional view of the principal part of the upsetting apparatus showing the state in which
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the prescribed portions of the raw material are being expanded in diameter with the upsetting apparatus.
Fig. 8 is a vertical cross-sectional view of the principal part of the upsetting apparatus showing the state after
expanding the prescribed portions of the raw material with the upsetting apparatus.
Fig. 9 is a plan view of an upsetting manufactured product obtained using the upsetting apparatus.
Fig. 10 is a vertical cross-sectional view of a principal part of an upsetting apparatus showing the state before
expanding prescribed portions of a raw material with the upsetting apparatus according to a third embodiment of
the present invention.
Fig. 11 is an enlarged cross-sectional view taken along the X-X in Fig. 10.
Fig. 12 is a vertical cross-sectional view of the principal part of the upsetting apparatus showing the state the
prescribed portions of the raw material are being expanded in diameter with the upsetting apparatus.
Fig. 13 is a vertical cross-sectional view of the principal part of the upsetting apparatus showing the state after
expanding the prescribed portions of the raw material with the upsetting apparatus.
Fig. 14 is a vertical cross-sectional view of the principal part of the upsetting apparatus showing the state before
expanding the prescribed portions of the raw material with the upsetting apparatus according to a fourth embodiment
of the present invention.
Fig. 15 is an enlarged cross-sectional view taken along the line Y-Y in Fig. 14.
Fig. 16 is a vertical cross-sectional view of the principal part of the upsetting apparatus showing the state in which
the prescribed portions of the rawmaterial are being expanded in diameter with the upsetting apparatus.
Fig. 17 is a vertical cross-sectional view of the principal part of the upsetting apparatus showing the state after
expanding the prescribed portions of the raw material with the upsetting apparatus.

Description of the Reference Numerals

[0106]

1A, 1B...Upsetting apparatus
1...Raw material
2...Intermediate portion
3R...Right side portion (one side portion)
3L...Left side portion (the other side portion)
4...First exposed portion
5...Second exposed portion
6...Third exposed portion
7...First diameter expanded portion
8...Second diameter expanded portion
9...Third diameter expanded portion
10A,10B...Upsetting manufactured product
20...Fixed die
22...First molding dented portion
22a...Bottom portion
23...Second molding dented portion
24...Third molding dented portion
31...First right guide (first guide for one side portion)
31x...Front end portion
32...Second right guide (Second guide for one side portion)
32x...Front end portion
34...Insertion hole
41...Left guide (the-other-side-portion guide)
41x...Front end portion
44...Insertion hole
50R...Right punch (one-side-portion punch)
50L...Left punch (the-other-side-portion punch)
61...First right guide driving apparatuses (First guide driving apparatus for one side portion)
62...Second right guide driving apparatuses (Second guide driving apparatus for one side portion)
63...Left guide driving apparatus (guide driving apparatus for the other side portion)
70R...Right punch driving apparatus (Punch driving apparatus for one side portion)
70L...Left punch driving apparatus (Punch driving apparatus for the other side portion)
81...First induction-heating means (heating means)
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81a...First induction-heating coil
82...Second induction-heating means (heating means)
82a...Secand induction-heating coil
83...Third induction-heating means (heating means)
83a...Third induction-heating coil
85...First cooling means
85a...Cooiing fluid passage
86...Second cooling means
86a...Cooling fluid passage
87...Third cooling means
87a...Cooling fluid passage
91...First lubricant applying means
92...Second lubricant applying means

Detailed Description of the Preferred Embodiments

[0107] Next, some embodiments of the present invention will be explained below with reference to drawings.
[0108] Figs. 1 to 5 are schematic views for explaining an upsetting method using an upsetting apparatus according
to a first embodiment of the present invention.
[0109] In Fig. 1,"1A" denotes an upsetting apparatus according to a first embodiment, and "1" denotes a raw material.
Moreover, in Fig. 5, "10A" denotes an upsetting manufactured product manufactured by the upsetting apparatus 1A.
This upsetting manufactured product 10A has three approximately spherical diameter enlarged portions 7, 8 and 9
formed on the bar-shaped shank.
[0110] As shown in Fig. 1. , the raw material 1 is a straight bar-shaped member made of, e.g., aluminum (including
its alloy, hereinafter simply referred to as "aluminum). The raw material 1 is round in cross-section and constant in cross-
sectional area along the axial direction.
[0111] In the present invention, the material of the rawmaterial 1 is not limited to aluminum, and can be metal, such
as, e.g. , brass, copper, or stainless steel, or plastic. Furthermore, the cross-sectional shape of the raw material 1 is not
limited to be round, and can be polygonal, such as, e.g., square or hexagonal. The raw material 1 can be a rolled material
or an extruded material, and also can be a material manufactured by other methods.
[0112] As shown in Fig. 1, the upsetting apparatus 1A is provided with a fixed die 20, two guides 31 and 32 for one
side each having an insertion hole 34 for receiving and holding one side portion of the raw material 1 out of axial both
side portions 3R and 3L thereof axially slidably in a buckling preventing state, a side guide 41 for the other side having
an insertion hole 44 for receiving and holding the other side of the raw material 1 axially slidably in a buckling preventing
state, a punch 50R for one side for pressurizing one side portion 3R of the raw material 1 in an axial direction, and a
punch 50L for left side for pressurizing the other side portion 3L of the raw material 1 in an axial direction. In Fig. 1, "2"
denotes an axial intermediate portion of the raw material 1.
[0113] In this embodiment, it is assumed that the raw material 1 is placed along a right-and-left direction as shown in
Fig. 1. Hereafter, one side portion 3R of the raw material 1 out of the axial both side portions 3R and 3L thereof will be
referred to as a "right side portion, " and the other side portion 3L will be referred to as a "left side portion." In accordance
with this, the guides 31 and 32 for one side will be referred to as a "right guide," and the guide 41 for the other side will
be referred to as a "left guide, " the punch 50R for one side will be referred to as a "right punch, " and the punch 50L for
the other side will be referred to as a "left punch."
[0114] The fixed die 20 is a member for fixing the raw material 1 so as not to move in the axial direction thereof at the
time of the working. The fixed die 20 has a raw material fixing insertion hole 21 penetrated in the axial direction of the
fixed die 20. The cross-sectional shape of this insertion hole 21 is a shape corresponding to the cross-sectional shape
of the raw material 1, i.e., a circular shape. In this insertion hole 21, the axial intermediate portion 2 of the raw material
1 is to be inserted, so that the raw material 1 is secured thereto.
[0115] The fixed die 20 is comprised of a plurality of pieces (two pieces in this embodiment) divided by a dividing face
vertically crossing the insertion hole 21, i.e., a split mold.
[0116] The two right guides 31 and 32 are to be arranged in the axial direction. In these right guides 31 and 32, the
insertion hole 34 of each guide 31 and 32 is penetrated in the axial direction thereof. The insertion hole 34 has a cross-
sectional shape corresponding to the cross-sectional shape of the right side portion 3R of the raw material 1, i.e., a
circular cross-sectional shape, and is configured to axially slidably hold the right side portion 3R of the raw material 1
inserted in the insertion hole 34 in a buckling preventing state.
[0117] At this embodiment, out of two right guides 31 and 32, the guide 31 arranged at the front side will be referred
to as a "first right guide", the guide 32 arranged at the rear side of this first right guide 31 will be referred to as a "second
right guide. "
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[0118] The first right guide 31 guides the material of the right side portion 3R of the raw material 1 inserted in the
insertion hole 34 to the side of the fixed die 20. More specifically, it guides the material to the free diameter expansion
space formed between the first right guide 31 and the fixed die 20.
[0119] The second right guide 32 guides the material of the right side portion 3R of the raw material 1 inserted in the
insertion hole 34 to the side of the first right guide 31. More specifically, it guides the material to the free diameter
expansion space formed between the second right guide 32 and the first right guide 31.
[0120] The first right guide 31 can be divided into a plurality of pieces (e.g., two to four pieces) by a dividing face
vertically crossing the insertion hole 34. Similarly, the second right guide 32 can be divided into a plurality of pieces (e.g.,
two to four pieces) by a dividing face vertically crossing the insertion hole 34. In the present invention, it is not always
required that the second right guide 32 can be divided.
[0121] "25" denotes a holding die portion for holding the second right guide 32. This holding die portion 25 has a
holding hole 25a in which the second right guide 32 is inserted and held in an axially movable manner.
[0122] In the same manner as in the right guides 31 and 32, the insertion hole 44 of the left guide 41 is penetrated in
the axial direction of the left guide 41. This insertion hole 44 has a cross-sectional shape corresponding to the cross-
sectional shape of the left side portion 3L of the raw material 1, i.e., a circular cross-sectional shape, and is configured
such that the insertion hole 44 can hold the left side portion 3L of the raw material 1 inserted in the insertion hole 44
axially slidably in a buckling preventing state.
[0123] The left guide 41 guides the material of the left side portion 3L of the raw material 1 inserted in the insertion
hole 34 to the side of the fixed die 20. More specifically, it guides this material into the free diameter expansion space
formed between the left guide 41 and the fixed die 20.
[0124] Moreover, the right punch 50R is arranged at the right end side of the raw material 1, and the left punch 50L
is arranged at the left end side of the raw material 1.
[0125] Furthermore, this upsetting apparatus 1A is equipped with two right guide driving apparatuses 61 and 62 (guide
driving apparatus for one side), a left guide driving apparatus 63 (guide driving apparatus for the other side) and a right
punch driving apparatus 70R (punch driving apparatus for one side portion), and a left punch driving apparatus 70L
(punch driving apparatus for the other side).
[0126] Each of the two right guide driving apparatuses 61 and 62 makes each of the right guides 31 and 32 move in
a direction 35 opposite to the moving direction 55 of the right punch 50R (i.e., the pressing direction of the raw material
right side portion 3R with the right punch 50R) (see Fig. 2). Each of the right guide driving apparatuses 61 and 62 are
connected to the corresponding right guide 31 and 32.
[0127] Now, for the explanation purposes, out of the right guide driving apparatuses 61 and 62, the right guide driving
apparatus 61 connected to the first right guide 31 will be referred to as a "first right guide driving apparatus, " and the
right guide driving apparatus 62 connected to the second right guide 32 will be referred to as a "second right guide
driving apparatus."
[0128] Each of the right guide driving apparatuses 61 and 62 has a fluid pressure cylinder (hydraulic cylinder or gas-
pressure cylinder) as a driving source, so that each of the corresponding right guides 31 and 32 are moved by the driving
force of this cylinder.
[0129] In the present invention, each of the right guide driving apparatuses 61 and 62 can also be configured such
that it moves the corresponding right guide 31 and 32 by, e.g., a machine cam, an electric motor, or a spring. When the
target shape (designed shape) is determined, each of the right guide driving apparatuses 61 and 62 can move the
corresponding right guide 31 and 32 at a constant speed, and therefore no apparatus for controlling the speed is required.
However, it also becomes possible to arbitrarily change the upsetting shape (shape of the diameter expanded portion)
by giving a control apparatus for controlling the traveling speed.
[0130] The left guide driving apparatus 63 moves the left guide 41 in a direction 45 opposite to the moving direction
55 of the left punch 50L (i.e., the pressing direction of the left side portion 3L of the raw material with the left punch 50L)
(see Fig. 3). This left guide driving apparatus 63 is connected to the left guide 41. This left guide driving apparatus 63
has a fluid pressure cylinder as a driving source, so that the left guide 41 is moved with the driving force of this cylinder.
[0131] In the present invention, the left guide driving apparatus 63 can also be configured such that it moves the left
guide 41 by, e.g., a machine cam, an electric motor, or a spring. When the target shape (designed shape) is determined,
the left guide driving apparatus 63 can move the left guide 41 at a constant speed, and therefore no apparatus for
controlling the speed is required. However, it also becomes possible to arbitrarily change the upsetting shape (shape
of the diameter expanded portion) by giving a control apparatus for controlling the traveling speed.
[0132] The right punch driving apparatus 70R is for giving a pressing force for moving the right punch 50R in the axial
direction of the rawmaterial 1 to thereby give a pressing force for pressurizing the right side portion 3R of the raw material
1 to the right punch 50R. This right punch driving apparatus 70R is connected to the right punch 50R to give a driving
force to the right punch 50R by a fluid pressure (e.g., oil pressure, gas pressure). When the target shape (designed
shape) is determined, the right punch driving apparatus 70R can move the right punch 50R at a constant speed, and
therefore no apparatus for controlling the speed is required. However, it also becomes possible to arbitrarily change the
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upsetting shape (shape of the diameter expanded portion) by giving a control apparatus for controlling the traveling speed.
[0133] The left punch driving apparatus 70L is for moving the left punch 50L in the axial direction of the raw material
1 to thereby give a pressing force for pressurizing the left side portion 3L of the raw material 1 to the left punch 50L.
This left punch driving apparatus 70L is connected to the left punch 50L to give a driving force to the left punch 50L by
a fluid pressure (e.g. oil pressure, gas pressure) . When the target shape (designed shape) is determined, the left punch
driving apparatus 70L can move the left punch 50L at a constant speed, and therefore no apparatus for controlling the
speed is required. However, it also becomes possible to arbitrarily change the upsetting shape (shape of the diameter
expanded portion) by giving a control apparatus for controlling the traveling speed.
[0134] Next, an upsetting method using the upsetting apparatus 1A will be explained as follow.
[0135] Initially, as shown in Fig. 1, the axial intermediate portion 2 of the raw material 1 is inserted into the raw material
fixing insertion hole 21 of the fixed die 20. Thus, the raw material 1 is secured so as not to move unintentionally at the
axial intermediate portion 2.
[0136] Furthermore, the right side portion 3R of the rawmaterial 1 is inserted into each insertion hole 34 and 34 of the
two right guides 31 and 32 in this order to thereby axially slidably hold the right side portion 3R of the rawmaterial 1 in
a buckling preventing state.
[0137] The left side portion 3L of the raw material 1 is inserted into the insertion hole 44 of the left guide 41 to thereby
axially slidably hold the left side portion 3L of the raw material 1 in a buckling preventing state. In this state, both the
right guides 31 and 32 are arranged in the axial direction.
[0138] Furthermore, an initial clearance X is formed between the first right guide 31 and the fixed die 20. The distance
of this initial clearance X is set to be not larger than the buckling limit length X0 (preferably less than the buckling limit
length X0) at the cross-sectional area of the first exposed portion 4 of the raw material 1 exposed between the first right
guide 31 and the fixed die 20 in a state before the initiation of the movement of the right punch 50R (i.e. , the pressurizing
of the right side portion 3R of the raw material 1 with the right punch 50R). In the present invention, the buckling limit
length means the buckling limit length under the punch pressing force.
[0139] In the same manner as mentioned above, an initial clearance X is formed between the left guide 41 and the
fixed die 20. The distance of this initial clearance X is set to be not larger than the buckling limit length X0 (preferably
less than the buckling limit length X0) at the cross-sectional area of the third exposed portion 6 of the raw material 1
exposed between the left guide 41 and the fixed die 20 in a state before the initiation of the movement of the left punch
50L (i.e., the pressurizing of the left side portion 3L of the raw material 1 with the left punch 50L).
[0140] Subsequently, as shown in Fig. 2, while pressurizing the right side portion 3R of the raw material 1 in the axial
direction with the right punch 50R by moving the right punch 50R through the operation of the right punch driving
apparatus 70R, the two right guide driving apparatuses 61 and 62 are operated to move the two right guides 31 and 32
in a direction 35 opposite to the moving direction 55 of the right punch 50R in a mutually adhered manner. Thereby, the
first exposed portion 4 of the raw material 1 exposed between the first right guide 31 and the fixed die 20 is expanded
in diameter in a non-restrained manner, i.e., in the state in which the peripheral surface of the first exposed portion 4 is
not restrained.
[0141] Moreover, the left punch 50L is moved simultaneously with the right punch 50R by operating the left punch
driving apparatus 70L simultaneously with the right punch driving apparatus 70R. By this, while pressurizing the left side
portion 3L of the raw material 1 in the axial direction with the left punch 50L simultaneously with the pressurizing of the
right side portion 3R of the raw material 1 with the right punch 50R, the left guide 41 is moved in a direction 45 opposite
to the moving direction 55 of the left punch 50L by operating the left guide driving apparatus 63. By this, the third exposed
portion 6 of the raw material 1 exposed between the left guide 41 and the fixed die 20 is expanded in diameter in a non-
restrained manner, i.e., in the state in which the peripheral surface of the third exposed portion 6 is not restrained.
[0142] Here, it is preferable to set a time lag to between the moving initiation of the right punch 50R and the moving
initiation of the first right guide 31. That is, when the pressurizing of the right side portion 3R of the raw material 1 with
the right punch 50R is initiated, as shown in Fig. 2, with the position of the first right guide 31 fixed to the initial position,
the right punch 50R is moved to pressurize the right side portion 3R of the raw material 1 in the axial direction with the
right punch 50R. After passing the time lag t0, both the right guides 31 and 32 are moved in a prescribed direction 35
in a mutually adhered manner while continuously pressurizing the right side portion 3R of the raw material 1 with the
right punch 50R. The traveling speed of both the right guides 31 and 32 at this time is controlled by the control apparatus
of both the right guide driving apparatuses 61 and 62 so that the length of the first exposed portion 4 of the raw material
1 becomes not larger than the buckling limit length (preferably less than the buckling limit length) at the cross-sectional
area of the first exposed portion 4 of the raw material 1.
[0143] In the same manner as mentioned above, it is preferable to set a time lag to between the moving initiation of
the left punch 50L and the moving initiation of the left guide 41. That is, when the pressurizing of the left side portion 3L
of the raw material 1 with the left punch 50L is initiated, with the position of the left guide 41 fixed to the initial position,
the left punch 50L is moved to pressurize the left side portion 3L of the raw material 1 in the axial direction with the left
punch 50L. After passing the time lag to, the left guide 41 is moved in a prescribed direction 45 while continuously
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pressurizing the left side portion 3L of the raw material 1 with the left punch 50L. The traveling speed of the left guide
41 at this time is controlled by the control apparatus of the left guide driving apparatus 63 so that the length of the third
exposed portion 6 of the raw material 1 becomes not larger than the buckling limit length (preferably less than the buckling
limit length) at the cross-sectional area of the third exposed portion 6 of the raw material 1.
[0144] The time lag t0 is given by t0=V0/ (SP), where the increment volume of the raw material 1 which increases
between the time lag to in the range of the initial clearance X is V0, the average moving speed of the right punch 50R
(or the left punch 50L) from the moving initiation is P, and the cross-sectional area of the right side portion 3R (or the
left side portion 3L) of the raw material 1 before executing the upsetting is S.
[0145] In the present invention, the traveling speed of the right punch 50R can be constant, or can be variable. Similarly,
the traveling speed of both the right guides 31 and 32 can be constant, or can be variable.
[0146] In the same manner as mentioned above, the traveling speed of the left punch 50L can be constant, or can be
variable. Similarly, the traveling speed of the left guide 41 can be constant, or can be variable.
[0147] In accordance with the movement of the right punch 50R and both the right guides 31 and 32, the first exposed
portion 4 of the raw material 1 is expanded in diameter gradually in a non-restrained state in the free diameter expansion
space formed between the first right guide 31 and the fixed die 20.
[0148] In the same manner, in accordance with the movement of the left punch 50L and the left guide 41 , the third
exposed portion 6 of the raw material 1 is expanded in diameter gradually in a non-restrained state in the free diameter
expansion space formed between the left guide 41 and the fixed die 20.
[0149] And as shown in Fig. 3, when the first right guide 31 out of both the right guides 31 and 32 has reached the
predetermined stop position, the movement of the first right guide 31 is stopped (terminated) . At this time, the first
exposed portion 4 of the raw material 1 has been expanded in diameter into a designed shape, i.e., approximately
spherical shape (or approximately spindle shape) . "7" denotes a first diameter expanded portion (see Fig. 5) formed by
expanding the first exposed portion 4.
[0150] Subsequently, while continuously pressurizing the right side portion 3R of the raw material 1 with the right
punch 50R, only the second right guide 32 is moved in a direction 35 opposite to the moving direction 55 of the right
punch 50R. Thereby, the second exposed portion 5 of the raw material 1 exposed between the second right guide 32
and the first right guide 31 is expanded in diameter in a non-restrained state in the free diameter expansion space formed
between the second right guide 32 and the first right guide 31.
[0151] As shown in Fig. 4, when the second right guide 32 has reached the designed stop position, the movement of
the second right guide 32 and the movement of the right punch 50R are stopped (terminated). At this time, the second
exposed portion 5 of the raw material 1 has been expanded into a designed shape, i.e., an approximately spherical
shape (or approximately spindle shape). "8" is a second diameter expanded portion (see Fig. 5) formed by expanding
the second exposed portion 5.
[0152] On the other hand, as shown in this figure, when the left guide 41 has reached the designed stop position, the
movement of the left guide 41 and the movement of the left punch 50L are stopped (terminated). At this time, the third
exposed portion 6 of the raw material 1 has been expanded into a designed shape, i.e. , an approximately spherical
shape (or approximately spindle shape). "9" is a third diameter expanded portion (see Fig. 5) formed by expanding the
third exposed portion 6.
[0153] It is preferable that the stop time of the movement of the left guide 41 and the stop time of the movement of
the second right guide 32 coincide with each other. This enables reduction of force required to secure the raw material
1 with the fixed die (i.e., raw material fixing force), resulting in a reduced reaction force which acts on the fixed die 20
at the time of the working.
[0154] The upsetting of the raw material 1 at three portions is completed by the above procedures.
[0155] Subsequently, the raw material 1 is taken out of the insertion hole 21 of the fixed die 20 and the insertion hole
34 and 44 of each guide 31, 32, and 41 . Thus; an upsetting manufactured product 10A shown in Fig. 5 can be obtained.
At this time, since the first right guide 31 can be divided, the upsetting manufactured product 10A can be easily removed
from the insertion hole 34 of the first right guide 31 by dividing the first right guide 31 at the time of the removal.
[0156] This upsetting manufactured product 10A can be used as a preform for manufacturing a straight arm for vehicles,
such as, e. g. , automobiles or railroad vehicles (i.e., a preform for vehicle arms). In this case, each diameter expanded
portion 7 of the upsetting manufactured product 10A can be used as a joint portion (for example, a bush mounting portion)
to be connected to other components. Furthermore, this upsetting manufactured product 10A can also be used as, e.g.,
a preform for steering knuckle arms by bending into a circular shape, or the like.
[0157] It should be noted that the upsetting apparatus and the upsetting method according to the present invention
are not limited to an apparatus or a method for manufacturing a preform for vehicle arms, and can also be used for
manufacturing a preform for various products.
[0158] Thus, in the aforementioned upsetting of the first embodiment, diameter expansion of the right side portion 3R
of the raw material 1 can be performed at two portions without reversing the raw material 1, which enables efficient
diameter expansion working.
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[0159] Furthermore, diameter expansion working at one portion of the left side portion 3L of the raw material 1 can
be performed simultaneously with diameter expansion working at two portions of the right side portion 3R of the raw
material 1, which enables efficient diameter expansion working at a total of three portions of the raw material 1.
[0160] Furthermore, since each exposed portion 4, 5 and 6 of the raw material 1 is expand in diameter in a non-
restrained manner, each exposed portion 4, 5 and 6 can be expanded in diameter with a low punch pressing force,
resulting in a reduced driving force required for driving each punch 50R and 50L. Furthermore, since the diameter
expansion of the exposed portions 4, 5 and 6 can be performed without using an expensive molding die having molding
dented portions, the manufacturing cost can be reduced.
[0161] Next, preferable processing conditions for the upsetting method of the first embodiment will be explained below.
[0162] Hereinafter,
"P" denotes an average moving speed of the right punch 50R from the moving initiation thereof,
"G" denotes an average moving speed of the first right guide 31 from the moving initiation thereof,
"X0" denotes a buckling limit length at the cross-sectional area of the raw material 1 before the upsetting,
"X1" denotes a buckling limit length at the cross-sectional area of the first diameter expanded portion 7 to be formed by
the diameter expansion of the first exposed portion 4 of the raw material 1,
"X" denotes an initial clearance between the first right guide 31 and the fixed die 20 (0�X�X0),
"t0" denotes a time lag from the moving initiation of the right punch 50R to the moving initiation of the first right guide 31
(0 � t0),
"L" denotes a length of the first diameter expanded portion 7,
"l0" denotes a length of the raw material 1 before executing the upsetting required for the first diameter expanded portion
7, and
"T" denotes an upsetting time from the moving initiation of the right punch 50R.
[0163] In the case of t0<T, it is preferable that "G" satisfies the following relational expression: 

[0164] When G satisfies the aforementioned relational expression (i), the buckling which may sometimes occur at the
time of the diameter expansion working of the first exposed portion 4 can be prevented assuredly.
[0165] The reason that the aforementioned relational expression (i) is set about "G" will be explained below.

<Lower limit of G>

[0166] Since X satisfies the relational expression of 0�X�X0, when G is 0, the first exposed portion 4 of the raw
material 1 will not be buckled. Therefore, the lower limit of G is 0. However, when G is 0, the punch pressing force
required for the diameter expansion of the first exposed portion 4 cannot be decreased. Therefore, G must be zero or
more, i.e. , the following expression is established.
[0167]

[0168] Furthermore, it is especially preferable that the following relational expression (i-b) is satisfied.
[0169]

[0170] Since "G" satisfies the aforementioned relational expression (i-b), not only buckling which may occur at the
time of diameter expansion working of the first exposed portion 4 can be satisfied, but also the first exposed portion 4
can be assuredly expanded into a designed shape.
[0171] The reason is as follows. That is, when the first exposed portion 4 is expanded into a designed shape, a time
(l0-L)/P required for becoming L from l0 by the pressing force of the right punch 50R, and a time {(L-X) /G} +t0 required
for becoming L from X in the distance between the first right guide 31 and the fixed die 20 by the movement of the first
right guide 31 should be the same. Therefore, it is especially preferable that "G" satisfies the relational expression (i-b) .
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<Upper limit of G>

[0172] The conditions of the upper limit of G are that the length of the first exposed portion 4 of the raw material 1 is
not longer than the buckling limit length at the cross-sectional area of the first exposed portion 4 of the raw material 1
in the case where the position of the front end portion of the first right guide 31 and the position of the rear end portion
of the raw material 1 before executing the upsetting required for the first diameter expanded portion 7 at the length l0
from the fixed die 20 coincide each other.
[0173] However, when the position of the front end portion of the first right guide 31 and the position of the rear end
portion of 10 coincide with each other, the following expression (i-c) is established.
[0174]

[0175] From this equation (i-c), "T" is given by the following expression (i-d).
[0176]

[0177] In order to prevent the buckling of the first exposed portion 4 of the raw material 1, the length X+G(T-t0) of the
first exposed portion 4 of the raw material 1 when the position of the front end portion of the first right guide 31 and the
position of the rear end portion of l0 coincide with each other should be not larger than the buckling limit length X1 at the
cross-sectional area of the first diameter expanded portion 7 of the raw material 1 Therefore, the following expression
(i-e) is established.
[0178]

[0179] By substituting the equation (i-d) for the equation (i-e) and arranging about G, the following relational expression
(i-f) is derived.
[0180]

[0181] From the equation (i-a) and the equation (i-f), the relational expression (i) is derived.
[0182] As a matter of course, when 0�T�t0, G is G=0.
[0183] Furthermore, it is especially preferable that the time lag t0 is 0<t0. The reasons are as follows. That is, since
0<t0, immediately after the initiation of the movement of the right punch 50R, the cross-sectional area of the first exposed
portion 4 of the raw material 1 exposed in the range of the initial clearance X between the first right guide 31 and the
fixed die 20 increases. Therefore, the buckling limit length in the first exposed portion 4 of the rawmaterial 1 can be
lengthened, with more assured prevention of buckling.
[0184] Furthermore, in the present invention, in cases where the cross-sectional area of the first diameter expanded
portion 7 of the raw material 1 is not constant in the axial direction after the upsetting, it is preferable to adopt the cross-
sectional area considering the shape of the first diameter expanded portion 7 as the cross-sectional area of the first
diameter expanded portion 7 of the raw material 1 after the upsetting. For example, it is preferable to adopt an average
cross-sectional area of the first diameter expanded portion 7. Alternatively, the minimum cross-sectional area of the first
diameter expanded portion 7 can be adopted, or the maximum cross-sectional area of the first diameter expanded portion
7 can be adopted.
[0185] The relational expression (i) can also be applied to the left guide 41 by replacing the left guide 41, the third
exposed portion 6, the third diameter expanded portion 9, and the left punch 50L with the first right guide 31, the first
exposed portion 4, the first diameter expanded portion 7, and the right punch 50R, respectively, in the aforementioned



EP 1 844 876 A1

17

5

10

15

20

25

30

35

40

45

50

55

relational expression (i) . By this, the buckling which may sometimes occur at the time of the diameter expansion working
of the third exposed portion 6 can be prevented assuredly.
[0186] In the first embodiment, the opening edge portion of the insertion hole 34 and 44 of each guide 31, 32, and 41
can be chamfered.
[0187] Figs. 6 to 9 are schematic explanatory views of an upsetting method using an upsetting apparatus according
to a second embodiment of the present invention.
[0188] In Fig. l , "1B" denotes an upsetting apparatus according to the second embodiment, and "1" denotes a raw
material. Moreover, in Fig. 9, "10B" denotes an upsetting manufactured product 1B manufactured by an upsetting
apparatus 1B. This upsetting manufactured product 10B has approximately columnar diameter expanded portions 7, 8
and 9 formed at three portions of a bar-shaped shank.
[0189] Hereinafter, the structure of the upsetting apparatus 1B of the second embodiment will be explained focusing
on the differences between the upsetting apparatus 1A of the first embodiment and that of this embodiment.
[0190] As shown in Fig. 6, the raw material 1 is a straight bar-shaped raw material like the first embodiment, and the
cross-sectional shape is round.
[0191] In the upsetting apparatus 1B of this second embodiment, a first molding dented portion 22 is formed at the
axial right end portion of the fixed die 20. Moreover, a third molding dented portion 24 is formed at the axial left end
portion of the fixed die 20. Furthermore, this upsetting apparatus 1B is equipped with a molding die portion 26 placed
at the rear side of the first right guide 31. This molding die portion 26 has a second molding dented portion 23.
[0192] Furthermore, at the front end portion of the first right guide 31, a first male die portion 31a capable of being
fitted in the first molding dented portion 22 is protruded forwardly. At the front end portion of the second right guide 32,
a second male die portion 32a capable of being fitted in the second molding dented portion 2 3 is protruded forwardly.
Moreover, at the front end portion of the left guide 41, a third male die portion 41a capable of being fitted in the third
molding dented portion 24 is protruded forwardly.
[0193] The other structure of this upsetting apparatus 1B is the same as that 1A of the first embodiment.
[0194] Next, the upsetting method using this upsetting apparatus 1B will be explained below focusing on the difference
between the upsetting method of the first embodiment and that of this embodiment.
[0195] First, as shown in Fig. 6, the axial intermediate portion 2 of the raw material 1 is inserted and held in the raw
material fixing insertion hole 21 of the fixed die 20, the right side portion 3R of the raw material 1 is placed in the first
molding dented portion 22 and the second molding dented portion 23, and the left side portion 3L of the raw material 1
is placed in the third molding dented portion 24.
[0196] Moreover, the right side portion 3R of the raw material 1 is inserted and held in each insertion hole 34 and 34
of the two right guides 31 and 32 in order. Furthermore, the first male die portion 31a of the first right guide 31 is inserted
and held in the first molding dented portion 22, and the second male die portion 32a of the second right guide 32 is
inserted and held in the second molding dented portion 23.
[0197] Moreover, the left side portion 3L of the raw material 1 is inserted and held in the insertion hole 44 of the left
guide 41. Then, the third male die portion 41a of this left guide 41 is fitted in the third molding dented portion 24.
[0198] Furthermore, it is preferable to provide an initial clearance X between the front end portion of the first right
guide 31 (in detail, the front end portion of the first male die portion 31a) and the bottom portion 22a of the first molding
dented portion 22. The distance of this initial clearance X has been set to be not larger than the buckling limit length X0
(preferably, less than the buckling limit length X0) at the cross-sectional area of the first exposed portion 4 of the raw
material 1 exposed between the front end portion of the first right guide 31 and the bottom portion 22a of the first molding
dented portion 22 in the state before initializing the movement of the right punch 50R (i.e. , pressurizing of the right side
portion 3R of the raw material 1 with the right punch 50R).
[0199] Moreover, it is preferable to provide an initial clearance X between the front end portion of the left guide 41 (in
detail, the front end portion of the third male die portion 41a) and the bottom portion 24a of the third molding dented
portion 24. The distance of this initial clearance X has been set to be not larger than the buckling limit length X0 at the
cross-sectional area of the third exposed portion 6 of the raw material 1 exposed between the front end portion of the
left guide 41 and the bottom portion 24a of the third molding dented portion 24 in the state before initializing the movement
of the left punch 50L (i.e. , pressurizing of the left side portion 3L of the raw material 1 with the left punch 50L).
[0200] Next, while pressurizing the right side portion 3R of the raw material 1 in the axial direction with the right punch
50R by moving the right punch 50R through the operation of the right punch driving apparatus 70R, the two right guides
31 and 32 are moved in a direction 35 opposite to the moving direction 55 of the right punch 50R with the two right
guides 31 and 32 mutually adhered by operating the two right guide driving apparatus 61 and 62(see Fig. 7). Thereby,
the first exposed portion 4 of the raw material 1 exposed between the front end portion of the first right guide 31 and the
bottom portion 22a of the first molding dented portion 22 is expanded in the first molding dented portion 22, i.e., in the
state in which the entire peripheral surface of the first exposed portion 4 is restrained by the peripheral surface of the
first molding dented portion 22.
[0201] Moreover, the left punch 50L is moved by operating the left punch driving apparatus 70L simultaneously with
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the right punch driving apparatus 70R. Thereby, while pressurizing the left side portion 3L of the raw material 1 in the
axial direction with the left punch 50L simultaneously with the pressurizing of the right side portion 3R of the raw material
1 with the right punch 50R, the left guide 41 is moved in a direction 45 opposite to the moving direction 55 of the left
punch 50L. Thereby, the third exposed portion 6 of the raw material 1 exposed between the front end portion of the left
guide 41 and the bottom portion 24a of the third molding dented portion 24 is expanded in the third molding dented
portion 24, i.e., in the state in which the entire peripheral surface of the third exposed portion 6 is restrained by the
peripheral surface of the third molding dented portion 24.
[0202] Here, it is preferable to provide a time lag to between the moving initiation of the right punch 50R and the
moving initiation of the first right guide 31.
[0203] Moreover, in the same manner as mentioned above, it is preferable to provide a time lag to between the moving
initiation of the left punch 50L and the moving initiation of the left guide 41.
[0204] In accordance with the movements of the right punch 50R and both the right guides 31 and 32, the first exposed
portion 4 of the raw material 1 is gradually expanded in diameter in the first molding dented portion 22.
[0205] Similarly, in accordance with the movements of the left punch 50L and the left guide 41, the third exposed
portion 6 of the raw material 1 is gradually expanded in diameter in the third molding dented portion 24.
[0206] As shown in Fig. 7, when the first right guide 31 has reached the set stop position, the movement of the first
right guide 31 is stopped (terminated). At this time, the first exposed portion 4 of the raw material 1 has been expanded
into a designed shape, i.e. , an approximately columnar shape, in the first molding dented portion 22. "7" is a first diameter
expanded portion formed by the diameter expansion of the first exposed portion 4 (see Fig. 9).
[0207] Subsequently, while continuously pressurizing the right side portion 3R of the raw material 1 with the right
punch 50R, only the second right guide 32 is moved in a direction 35 opposite to the moving direction 55 of the right
punch 50R. Thereby, the second exposed portion 5 of the raw material 1 exposed between the front end portion of the
second right guide 32 (in detail, the front end portion of the second male die portion 32a) and the first right guide 31 is
expanded in diameter in the second molding dented portion 23.
[0208] And, as shown in Fig. 8, when the second right guide 32 has reached the designed stop position, the movement
of the second right guide 32 and the movement of the right punch 50R are stopped (terminated). At this time, the second
exposed portion 5 of the raw material 1 has been designed shape, i.e., an approximately columnar shape, in the second
molding dented portion 23 . "8" denotes a second diameter expanded portion formed by the diameter expansion of the
second exposed portion 5 (see Fig. 9).
[0209] On the other hand, as shown in this figure, when the left guide 41 has reached the designed stop position, the
movement of the left guide 41 and the movement of the left punch 50L are stopped (terminated). At this time, the third
exposed portion 6 of the raw material 1 has been expanded in diameter into a designed shape, i.e., an approximately
columnar shape, in the third molding dented portion 24. "9" denotes a third diameter expanded portion formed by the
diameter expansion of the third exposed portion 6 (see Fig. 9).
[0210] It is preferable that the stop time of the movement of the left guide 41 and that of the second right guide 32
coincide with each other.
[0211] Through the aforementioned procedures, the upsetting of the raw material 1 at three portions is completed.
[0212] Subsequently, the raw material 1 is removed from the insertion hole 21 of the fixed die 20 and the insertion
hole 34 and 44 of each guide 31, 32 and 41, to thereby obtain the prescribed upsetting manufactured product 10B shown
in Fig. 9.
[0213] This upsetting manufactured product 10B can be used as a preform for, e.g. , vehicle arms in the same manner
as the upsetting manufactured product 10A of the first embodiment.
[0214] It should be noted that the upsetting apparatus and the upsetting method according to the present invention
are not limited to an apparatus and a method for manufacturing a preform for vehicle arms, and can be used for man-
ufacturing a preform for various products.
[0215] In the upsetting of the second embodiment, since each exposed portion 4, 5 and 6 of the raw material 1 is
expanded in diameter in the corresponding molding dented portion 22, 23 and 24 , a diameter expanded portion 7, 8
and 9 of a designed shape can be formed assuredly.
[0216] Next, preferable processing conditions in the upsetting method of this second embodiment will be explained
below.
[0217] Hereinafter, "P" denotes an average moving speed of the right punch 50R from the moving initiation thereof,
"G" denotes an average moving speed of the first right guide 31 from the moving initiation thereof,
"X0" denotes a buckling limit length at the cross-sectional area of the raw material 1 before the upsetting,
"X" denotes an initial clearance between the front end portion of the first right guide 31 and the bottom portion 22a of
the first molding dented portion 22 (0 �x�x0),
"L0" denotes a length of the raw material before the upsetting required for the first diameter expanded portion 7 formed
by the diameter expansion of the first exposed portion 4,
"XP" denotes a stop position of the tip end portion of the right punch 50R with respect to the bottom portion 22a of the
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first molding dented portion 22 obtained from the design volume of the first diameter expanded portion 7,
"Xg" denotes a designed stop position of the front end portion of the first right guide 31 with respect to the bottom portion
22a of the first molding dented portion 22, and
"t0" denotes a time lag from the moving initiation of the right punch 50R to the moving initiation of the first right guide 31
(0 �t0).
[0218] In this upsetting method, it is preferable that "G" satisfies the following expression (ii).
[0219]

[0220] When "G" satisfies the equation (ii), the first exposed portion 4 can be assuredly expanded in diameter into a
designed shape.
[0221] The reason for setting the equation (ii) about G will be explained below.
[0222] When "t" defines a time from the moving initiation of the right punch 50R to the diameter expansion termination
of the first exposed portion 4 (i.e., the processing time for the first exposed portion 4), the distance between the front
end portions of the right punch 50R and the bottom portion 22a of the first molding dented portion 22 at the time of the
diameter expansion working termination of the first exposed portion 4, i.e., the position XP of the front end portion of the
right punch 50R with respect to the bottom portion 22a of the first molding dented portion 22 can be given by the following
formula (ii-a).
[0223]

[0224] Moreover, the distance between the front end portions of the first right guide 31 and the bottom portion 22a of
the first molding dented portion 22 at the time of the diameter expansion working termination of the first exposed portion
4, i. e. , the position XP of the front end portion of the first right guide 31 with respect to the bottom portion 22a of the
first molding dented portion 22, can be given by the following formula (ii-c).
[0225]

[0226] By substituting the equation (ii-b) for the equation (ii-c) and arranging about G, the aforementioned equation
(ii) is derived.
[0227] In the second embodiment, the opening edge portion of the insertion hole 34 and 44 of each guide 31, 32 and
41 can be chamfered.
[0228] Figs. 10 to 13 are schematic views for explaining an upsetting method using an upsetting apparatus according
to a third embodiment of the present invention.
[0229] In Fig. 10, "1C" denotes an upsetting apparatus according to the third embodiment. In Fig. 10, the same
reference numeral/mark is allotted to the same structural element as the structural element of the upsetting apparatus
1A according to the first embodiment shown in Figs. 1 to 5. Hereafter, the structure of the upsetting apparatus 1C of this
third embodiment will be explained focusing on the differences between this apparatus and the upsetting apparatus 1A
of the first embodiment.
[0230] The upsetting manufactured product to be manufactured by the upsetting apparatus 1C of the third embodiment
is the same as the upsetting manufactured product 10A shown in Fig. 5.
[0231] In the third embodiment, a raw material 1 is a round bar-shaped material, in detail, a columnar bar-shaped
material. Furthermore, this raw material 1 is a rolled material manufactured by, e.g. , being rolled with reduction rolls
into a round bar-shape, i.e., manufactured by roll forming. Furthermore, in detail, this raw material 1 is a cast rolled
material, more specifically, a continuously cast rolled material manufactured by a known Properzi method. However, in
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the present invention, a rolled material is not limited to a continuously cast rolled material manufactured by a Properzi
method, and can be a rolled material manufactured by other methods.
[0232] The cast rolled material means, for example, a material manufactured by rolling a cast. In this case, as the
cast, for example, a cast obtained by a known casting method, such as, e.g. , a one-way solidification casting, can be used.
[0233] The cross-sectional shape of this rawmaterial 1 is round (approximately round). However, as shown in Fig. 11,
when the section of the raw material 1 observed in an enlarged manner, the cross-sectional shape of the raw material
1 is a polygonal shape of a hexagonal shape or more. Therefore, the circularity of the cross-section of this raw material
1 is poor as compared with the raw material made of a round bar-shaped extruded material.
[0234] The upsetting apparatus 1C of this third embodiment is equipped with three heating means 81, 82 and 83,
three cooling means 85, 86 and 87, one or a plurality of lubricant applying means 91 and 92 (two in this embodiment),
in addition to all the structure elements of the upsetting apparatus 1A of the first embodiment.
[0235] Moreover, as shown in Fig. 11, the insertion hole 34 of the second guide 32 is round in shape. The circularity
of this insertion hole 34 is higher than the circularity of the cross-section of the raw material 1. Furthermore, the diameter
of each insertion hole 34 is set to be the same or slightly larger than the maximum diameter of the raw material 1.
Therefore, as shown in Fig. 11, in the state where the raw material 1 is inserted in the insertion hole 34 , a slight gap K
is generated inevitably between the surface of the raw material 1 and the peripheral surface of the insertion hole 34.
Furthermore, for the same reason, between the surface of the raw material 1 and the peripheral surface of the insertion
hole 34 of the first right guide 31, a slight gap K is generated, and also a slight gap K is generated between the surface
of the raw material 1 and the peripheral surface of the insertion hole 44 of the third guide 41.
[0236] Three heatingmeans 81, 82 and 83 are the same in structure. The first heating means 81 among these three
heating means 81, 82 and 83 is for partially heating the portion 11x of the raw material 1 corresponding to the front end
portion 31x of the first right guide 31 at the right side portion 3R of the raw material 1. Furthermore, the second heating
means 82 is for partially heating the portion 12x of the raw material 1 corresponding to the front end portion 32x of the
second right guide 32 at the right side portion 3R of the raw material 1. Moreover, the third heating means 83 is for
partially heating the portion 13x of the raw material 1 corresponding to the front end portion 41x of the left guide 41 at
the left side portion 3L of the raw material 1.
[0237] The first heating means 81 is a first induction-heating means having a first induction-heating coil 81a and a
power-supply portion (not shown) for supplying AC current (AC voltage) to the coil 81a. The surface of the coil 31a is
covered by the insulating layer (not shown) consisting of an insulating tape, etc. Furthermore, this coil 31a is embedded
in the front end portion 31x of the first right guide 31 so as to surround the insertion hole 34.
[0238] The first right guide 31 is made of a hard non-conductive material having heat resistance, such as, e.g., ceramics,
or made of a hard conductive material (e.g., heat-resistant metal material) having heat resistance, such as, e.g., a steel
material.
[0239] In this first induction-heating means 81, it is configured such that the portion 11x of the raw material 1 corre-
sponding to the front end portion 31x of the first right guide 31 at the right side portion 3R is partially induction-heated
by the coil 81a when a current (voltage) of a prescribed frequency (e.g., high frequency or low frequency) is supplied to
the coil 81a by the power-supply portion. Furthermore, this first induction-heating means 81 is configured such that the
portion 11x of the raw material 1 can be heated into a half-molten state by raising the induction-heating temperature of
the portion 11x by increasing, e.g., the current supplying amount to the coil 81a.
[0240] The second heating means 82 is a second induction-heating means having a second induction-heating coil
82a and a power-supply portion 82b for supplying AC current (AC voltage) to the coil 82a. The surface of the coil 82a
is covered with an insulating layer (not shown) consisting of, e.g., an insulating tape. Furthermore, this coil 82a is
embedded in the front end portion 32x of the second right guide 32 so as to surround the insertion hole 34.
[0241] The second right guide 32 is made of a hard non-conductive material having heat resistance, such as, e.g.,
ceramics, or made of a hard conductive material (e. g. , heat-resistant metal material) having heat resistance, such as,
e.g., a steel material.
[0242] In this second induction-heating means 82, it is configured such that the portion 12x of the raw material 1
corresponding to the front end portion 32x of the second right guide 32 at the right side portion 3R is partially induction-
heated by the coil 82a when a current (voltage) of a prescribed frequency (e.g., high frequency or low frequency) is
supplied to the coil 82a by the power-supply portion 82b. Furthermore, this second induction-heating means 82 is
configured such that the portion 12x of the raw material 1 can be heated into a half-molten state by raising the induction-
heating temperature of the portion 12x by increasing, e.g., the current supplying amount to the coil 82a.
[0243] The third heating means 83 is a third induction-heating means having a third induction-heating coil 83a and a
power-supply portion 83b for supplying AC current (AC voltage) to the coil 83a. The surface of the coil 83a is covered
with an insulating layer (not shown) consisting of, e.g. , an insulating tape. Furthermore, this coil 83a is embedded in
the front end portion 41x of the left guide 41 so as to surround the insertion hole 44.
[0244] The left guide 41 is made of a hard non-conductive material having heat resistance, such as, e.g., ceramics,
or made of a hard conductive material (e.g., heat-resistant metal material) having heat resistance, such as, e.g., a steel
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material.
[0245] In this third induction-heating means 83, it is configured such that the portion 13x of the raw material 1 corre-
sponding to the front end portion 41x of the left guide 41 at the left side portion 3L is partially induction-heated by the
coil 83a when a current (voltage) of a prescribed frequency (e.g., high frequency or low frequency) is supplied to the
coil 83a by the power-supply portion 83b. Furthermore, this third induction-heating means 83 is configured such that the
portion 13x of the raw material 1 can be heated into a half-molten state by raising the induction-heating temperature of
the portion 13x by increasing, e.g., the current supplying amount to the coil 83a.
[0246] Three cooling means 85, 86 and 87 are the same in structure. Among these three cooling means 85, 86 and
87, the first cooling means 85 is for partially cooling the portion 11y of the raw material 1 corresponding to the portion
of the first right guide 31 located behind the front end portion 31x of the first right guide 31 at the right side portion 3R
of the raw material 1 . The second cooling means 86 is for partially cooling the portion 12y of the raw material 1 corre-
sponding to the portion of the second right guide 32 located behind the front end portion 32x of the second right guide
32 at the right side portion 3R of the raw material 1. Moreover, the third cooling means 87 is for partially cooling the
portion 13y of the raw material 1 corresponding to the portion of the left guide 41 located behind the front end portion
41x of the left guide 41 at the left side portion 3L of the raw material 1.
[0247] The first cooling means 85 has a cooling fluid passage 85a formed in the region covering from the front end
portion 31x of the first right guide 31 to the rear end portion. The first cooling means 85 is configured to partially cooling
the portion 11y of the raw material 1 corresponding to the portion of the first right guide 31 located behind the front end
portion 31x of the first right guide 31 at the right side portion 3R of the raw material 1 by circulating cooling fluid, such
as, e.g., cooling water, in the cooling fluid passage 85a.
[0248] The second cooling means 86 has a cooling fluid passage 86a formed in the rear end portion of the second
right guide 32. This second cooling means 86 is configured to partially cooling the portion 12y of the raw material 1
corresponding to the portion of the second right guide 32 located behind the front end portion 32x of the second right
guide 32 at the right side portion 3R of the raw material 1 by circulating cooling fluid, such as, e.g., cooling water, in the
cooling fluid passage 86a.
[0249] The third cooling means 87 has a cooling fluid passage 87a formed in the rear end portion of the left guide 41.
This third cooling means 87 is configured to partially cooling the portion 13y of the raw material 1 corresponding to the
portion of the left guide 41 located behind the front end portion 41x of the left guide 41 at the left side portion 3L of the
raw material 1 by circulating cooling fluid, such as, e.g., cooling water, in the cooling fluid passage 87a.
[0250] The two lubricant applying means 91 and 92 are the same in structure. The first lubricant applying means 91
out of these two lubricant applying means 91 and 92 is for making lubricant (not shown) adhere to the peripheral surfaces
of the insertion holes 34 and 34 of the first right guide 31 and the second right guide 32. The second lubricant applying
means 92 is for making lubricant adhere to the peripheral surface of the insertion hole 44 of the left guide 41.
[0251] The lubricant is for reducing the frictional resistance between the surface of the raw material 1 and the peripheral
surfaces of the insertion holes 34, 34 and 44 of each guide 31, 32 and 41. As this lubricant, for example, fluid lubrication,
such as, e.g., oily lubricant, can be used. More specifically, "Oildag" (trade name) made by Acheson (Japan) Limited
and "Dafni dina draw" (trade name) made by Idemitsu Kosan Co., Ltd., or the like, can be used.
[0252] The first lubricant applying means 91 has a nozzle 91a for spraying lubricant and a lubricant supplying portion
91b for supplying lubricant to the nozzle 91a. It is configured to make the lubricant spay and adhere to the peripheral
surface of the insertion hole 34 of the first right guide 31 and the peripheral surface of the insertion hole 34 of the second
right guide 32.
[0253] In the present invention, in addition to this, the first lubricant applying means 91 can be a means for making
lubricant spray and adhere to the surface of the right side portion 3R of the raw material 1, or a means for making
lubricant spray and adhere to both the peripheral surfaces of the insertion hole 34 and the surface of the right side portion
3R of the raw material 1.
[0254] The second lubricant applying means 92 has a nozzle 92a for spraying lubricant and a lubricant supplying
portion 92b for supplying lubricant to the nozzle 92a. It is configured to make the lubricant spay and adhere to the
peripheral surface of the insertion hole 44 of the left guide 41.
[0255] In the present invention, in addition to this, the second lubricant applying means 92 can be a means for making
lubricant spray and adhere to the surface of the left side portion 3L of the raw material 1, or a means for making lubricant
spray and adhere to both the peripheral surfaces of the insertion hole 44 and the surface of the left side portion 3L of
the raw material 1.
[0256] Next, the upsetting method using the upsetting apparatus 1C of this third embodiment will be explained below.
[0257] Initially, lubricant is made to adhere to the peripheral surfaces of the insertion holes 34, 34 and 44 of the guides
31, 32 and 41 by the corresponding lubricant applying means 91. Lubricant can also be made to adhere to the surfaces
of the right side portion 3R and the left side portion 3L of the raw material 1.
[0258] Subsequently, as shown in Fig. 10, the axial intermediate portion 2 of the raw material 1 is inserted and held
in the raw material fixing insertion hole 21 of the fixed die 20. Thereby, the raw material 1 is secured so as not to move
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with respect to the axial direction.
[0259] Furthermore, the right side portion 3R of the rawmaterial 1 is inserted and held in each of the insertion holes
34 and 34 of the first right guide 31 and the second right guide 32. In this state, as shown in Fig. 11, in the gap K between
the surface of the right side portion 3R of the raw material 1 and the peripheral surface of each insertion hole 34 and
34, the lubricant (not shown) adhering to the peripheral surface of the insertion holes 34 and 34 is introduced by capillarity
action, etc., and temporarily retained.
[0260] Furthermore, the left side portion 3L of the raw material 1 is inserted and held in the insertion hole 44 of the
left guide 41. In this state, in the same manner as mentioned above, the lubricant adhering to the peripheral surface of
the insertion hole 44 is temporarily retained in the gap between the surface of the left side portion 3L of the raw material
1 and the peripheral surface of the insertion hole 44.
[0261] Furthermore, the portion 11x of the raw material 1 corresponding to the front end portion 31x of the first right
guide 31 at the right side portion 3R of the raw material 1 is partially induction-heated into a prescribed temperature by
supplying current of a prescribed frequency to the coil 81a of the first induction-heating means 81 by the power-supply
portion. Thereby, the deformation resistance at the portion 11x of the raw material 1 is reduced partially.
[0262] This heating temperature is not specifically limited so long as it is a temperature which causes a deterioration
of the deformation resistance of the portion 11x of the raw material 1. However, the concrete preferable heating tem-
perature can be exemplified as follows.
[0263] For example, in the case where the raw material 1 is made of aluminum or aluminum alloy, 200 to 580 °C (more
preferably 350 to 540 ° C) can be exemplified as a preferable heating temperature range. Furthermore, in the case where
the portion 11x of the raw material 1 is partially heated into a half-molten state, 580 to 625 °C (more preferably 600 to
615 °C) can be exemplified as a preferable heating temperature range. However, the present invention is not limited to
the aforementioned heating temperature range.
[0264] Furthermore, the portion 11y of the raw material 1 corresponding to the portion of the first right guide 31 located
behind the front end portion 31x of the first right guide 31 at the right side portion 3R of the raw material 1 can be partially
cooled by circulating cooling fluid, such as, e.g., cooling water of a normal temperature, in the cooling fluid passage 85a
of the first cooling means 85. This prevents deterioration of the deformation resistance at the portion 11y of the raw
material 1.
[0265] As a preferable cooling temperature range in this case, for example, 30 to 80 ° C (more preferably 40 to 60°
C) can be exemplified. In the present invention, however, the cooling temperature is not limited to the aforementioned
cooling temperature.
[0266] On the other hand, current is not supplied to the coil 82a of the second induction-heating means 82, therefore
the portion 12x of the raw material 1 corresponding to the front end portion 32x of the second right guide 32 at the right
side portion 3R of the raw material 1 will not be heated. Therefore, the deformation resistance of the portion 12x of the
raw material 1 will not be reduced.
[0267] Furthermore, the portion 12y of the raw material 1 corresponding to the portion of the second right guide 32
located behind the front end portion 32x of the second right guide 32 at the right side portion 3R of the raw material 1
is partially cooled by circulating cooling fluid, such as, e.g., cooling water of a normal temperature in the cooling fluid
passage 86a of the second cooling means 86. Thereby, deterioration of the deformation resistance of the portion 12y
of the raw material 1 can be restrained.
[0268] The preferable cooling temperature range in this case is the same as the aforementioned range.
[0269] Furthermore, the portion 13x of the raw material 1 corresponding to the front end portion 41x of the left guide
41 at the left side portion 3L of the raw material 1 is partially induction-heatod into a prescribed temperature by supplying
current of a prescribed frequency to the coil 83a of the third induction-heating means 83 by the power-supply portion
83b . Thereby, the portion 13x of the raw material 1 is partially reduced in deformation resistance.
[0270] Although this heating temperature is not specifically limited so long as it causes deterioration of the deformation
resistance of the portion 13x of the rawmaterial 1, the aforementioned range can be exemplified as the preferable heating
temperature range.
[0271] Furthermore, the portion 13y of the raw material 1 corresponding to the portion of the left guide 41 located
behind the front end portion 41x of the left guide 41 at the left side portion 3L of the raw material 1 is partially cooled by
circulating cooling fluid, such as, e.g., cooling water of a normal temperature in the cooling fluid passage 87a of the third
cooling means 87. This restrains deterioration of the deformation resistance of the portion 13y of the raw material.
[0272] The preferable cooling temperature range in this case is the same as the aforementioned range.
[0273] Next, while maintaining this state, in the same procedures as in the upsetting method shown as the first
embodiment, the first exposed portion 4 of the raw material 1 and the third exposed portion 6 thereof are simultaneously
expanded in diameter in a non-restrained manner.
[0274] As shown in Fig. 12, the first exposed portion 4 of the raw material 1 is expanded in diameter into a designed
shape, i.e., an approximately spherical shape (or approximately spindle shape), the portion 12x of the raw material 1
corresponding to the front end portion 32x of the second right guide 32 at the right side portion 3R of the raw material
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1 is partially induction-heated into a prescribed temperature by supplying current of prescribed frequency to the coil 82a
of the second induction-heating means 82 by the power-supply portion 82b. Thus, the portion 1 2x of the raw material
1 is partially decreased in deformation resistance.
[0275] Although this heating temperature is not specifically limited so long as it causes deterioration of the deformation
resistance of the portion 12x of the rawmaterial 1 , the aforementioned range can be exemplified as the preferable
heating temperature range.
[0276] Furthermore, the portion 12y of the raw material 1 corresponding to the portion of the second right guide 32
located behind the front end portion 32x of the second right guide 32 at the right side portion 3R of the raw material 1
is partially cooled by circulating cooling fluid, such as, e.g., cooling water in the cooling fluid passage 86a of the second
cooling means 86. This restrains deterioration of the deformation resistance of the portion 12y of the raw material.
[0277] Next, while maintaining this state, in the same procedures as in the upsetting method shown as the first
embodiment, the second exposed portion 5 of the raw material 1 and the third exposed portion 6 thereof are simultaneously
expanded in diameter in a non-restrained manner.
[0278] The upsetting of the raw material 1 is completed at three portions through the above procedure.
[0279] Thereafter, the raw material 1 is removed from the insertion holes 21 of the fixed die 20 and the insertion holes
34, 34 and 44 of the guides 31, 32 and 41. Thus, a desired upsetting manufactured product 10A shown in Fig. 5 can be
obtained.
[0280] Thus, the upsetting method of the third embodiment has the following advantage in addition to the advantages
of the upsetting method of the first embodiment.
[0281] That is, since the raw material 1 is made of a round bar-shaped rolled material, the raw material 1 can be
obtained or manufactured at low cost. This enables reduction of working cost.
[0282] Furthermore, since the raw material is made of a cast rolled material, the raw material 1 can be obtained or
manufactured at lower cost. This enables further reduction of working cost. Furthermore, since the raw material 1 is
made of a continuously cast rolled material manufactured by the Properzi method, the raw material 1 can be obtained
or manufactured at still lower cost. This in turn can further reduce the working cost.
[0283] Therefore, according to the upsetting method of the fourth embodiment, an upsetting manufactured product
10A can be provided at low cost.
[0284] Furthermore, this raw material 1 is poor in circularity as compared with the round bar-shaped raw material
made of an extruded material. Therefore, when this raw material 1 is inserted to the insertion holes 34, 34 and 44 of
each of the guides 31, 32 and 41, as mentioned above, a gap K will be inevitably generated between the surface of the
raw material 1 and the peripheral surface of the insertion holes 34, 34 and 44 (see Fig. 11). Therefore, the contact-
surface area therebetween is small. Therefore, the frictional-resistance force caused when the raw material 1 is axially
slidably moved in the insertion hole 34 of each guide 31, 32 and 41 at the time of working is small, which can reduce
the molding pressure. Therefore, as the punch driving apparatus 70R and 70L for moving each punch 50R and 50L, a
small one can be used, resulting in a saved installation space for the upsetting apparatus 1C.
[0285] Furthermore, since the molding pressure can be reduced, there are the following advantages. That is, if molding
pressure is large, the end portion of the raw material 1 may be sometimes crushed in the insertion hole 34 and 44 of
the guides 32 and 41 by the pressing force from each punch 50R and 50L. In this case, some material of the raw material
1 will be introduced into the gap between the peripheral surface of each punch 50R and 50L and the peripheral surface
of the insertion hole 34 and 44. This results in an increased molding pressure, which in turn makes it impossible for each
punch 50R and 50L to move in the pressing direction in the insertion hole 34 and 44 , resulting in unworkable. Then,
reducing the molding pressure can prevent occurrence of such problem, which in turn enables execution of the upsetting
of the raw material 1 over a long region.
[0286] The adhering of the lubricant on the peripheral surface of the insertion hole 34, 34 and 44 of each guide 31,
32 and 41 brings the following advantages. That is, since the gap K is generated between the surface of the raw material
1 and the peripheral surface of the insertion hole 34, 34 and 44, the lubricant is introduced into and temporarily retained
in the gap K. This enhances the applying of the lubricant to the peripheral surface of the insertion hole 34, 34 and 44
and the surface of the raw material 1. That is, in accordance with the axial slide movement of the raw material 1 in the
insertion hole 34, 34 and 44 at the time of working, the lubricant retained in the gap K is applied to the peripheral surface
of the insertion hole 34, 34 and 44 and the surface of the raw material 1. This assuredly can reduce the frictional-
resistance force between the peripheral surface of the insertion hole 34, 34 and 44 and the surface of the raw material
1, namely, the molding pressure can be reduced assuredly.
[0287] Furthermore, the portion 11x, 12x and 13x of the raw material 1 partially reduces in deformation resistance by
partially induction-heating the portion 11x, 12x and 13x of the raw material 1 corresponding to the front end portion 31x,
32x and 41x of each guide 31, 32 and 41. This enables further reduction of molding pressure.
[0288] On the other hand, since the portion 11y, 12y and 13y of the raw material 1 corresponding to the portion of
each guide 31, 32 and 41 located behind the front end portion 31x, 32x and 41x of each guide 31, 32 and 41 is not
heated, deformation resistance is not reduced. This prevents an increased molding pressure which will be caused by
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expansion of the raw material 1 in the insertion hole 34, 34 and 44 of each guide 31, 32 and 41 by the pressing force
by the punch 50R and 50L.
[0289] Furthermore, the prescribed portion 11x, 12x and 13x of the raw material 1 can be heated assuredly and very
efficiently by partially induction-heating the prescribed portions 11x, 12x and 13x of the raw material 1 by the induction-
heating means 85, 86 and 87.
[0290] Furthermore, in the present invention, the prescribed portions 11x, 12x and 13x of the raw material 1 can be
partially heated into a half-molten state by raising the heating temperature. In this case, the molding pressure can be
reduced considerably. The upsetting in this case can be classified under a category of Thixomolding.
[0291] Furthermore, since the portion 11y, 12y ad 13y of the raw material 1 corresponding to the portion of each guide
31, 32 and 41 located behind the front end portion 31x, 32x and 41x of each guide 31, 32 and 41 is partially cooled, the
heating of the portion 11y, 12y and 13y of the raw material 1 can be prevented assuredly. Consequently, deterioration
of the deformation resistance at the portion 11y, 12y and 13y of the raw material 1 can be restrained assuredly.
[0292] In the third embodiment, the portion 11x 12x, and 13x of the raw material 1 corresponding to the tip end portion
31x, 32x and 41x of each guide 31, 32 and 41 is partially induction-heated by the induction-heating means 85, 86 and
87. In the present invention, however, in place of the above, for example, the tip end portion 31x, 32x and 41x of each
guide 31, 32 and 41 can be partially introduction-heated by the induction-hoating means 85, 86 and 87 to thereby partially
heat the portion 11x, 12x and 13x of the raw material 1 corresponding to the tip end portion 31x, 32x and 41x of each
guide 31, 32 and 41 by the heat of the tip end portion 31x, 32x and 41x of each guide 31, 32 and 41. That is, the heat
of the tip end portion 31x, 32x and 41x of each guide 31, 32 and 41 is conducted to the portion 11x, 12x and 13x of the
raw material 1 to thereby partially heat the portion 11x, 12x and 13x of the raw material 1. In this case, the portion 11x,
12x and 13x of the raw material 1 can be heated assuredly and efficiently. Moreover, in this case, each guide 31, 32
and 41 is preferably made of conductive material (e.g., heat-resistant metal material) having heat resistance, such as,
e.g., steel material.
[0293] Figs. 14 to 17 are schematic views for explaining an upsetting method using an upsetting apparatus according
to a fourth embodiment of the present invention.
[0294] In Fig.14, "1D" denotes an upsetting apparatus according to the fourth embodiment. In Fig. 14, the same
reference numeral/mark is allotted to the same structural element as the structural element of the upsetting apparatus
1B according to the second embodiment shown in Figs. 6 to 9. Hereafter, the structure of the upsetting apparatus 1D
of this fourth embodiment will be explained focusing on the differences between this apparatus and the upsetting appa-
ratuses 1B and 1C of the second and third embodiments.
[0295] The upsetting manufactured product to be manufactured by the upsetting apparatus 1D of the fourth embodiment
is the same as the upsetting manufactured product 10B shown in Fig. 9.
[0296] In the fourth embodiment, a raw material 1 is a round bar-shaped material, in detail, a columnar bar-shaped
material like the third embodiment. In detail, it is a continuously cast rolled material manufactured by a known Properzi
method.
[0297] The cross-sectional shape of this rawmaterial 1 is round (approximately round). However, as shown in Fig. 15,
when the cross-section of the raw material 1 is observed in an enlarged manner, the cross-sectional shape of the raw
material 1 is a polygonal shape of a hexagonal shape or more. Therefore, the circularity of the cross-section of this raw
material 1 is poor as compared with the raw material made of a round bar-shaped extruded material.
[0298] The upsetting apparatus 1D of this fourth embodiment is equipped with three heating means 81, 82 and 83,
three cooling means 85, 86 and 87, one or a plurality of lubricant applying means 91 and 92 (two in this embodiment),
in addition to all the structure elements of the upsetting apparatus 1B of the second embodiment.
[0299] Moreover, as shown in Fig. 15, the insertion hole 34 of the second right guide 32 is round in shape. The
circularity of this insertion hole 34 is higher than the circularity of the cross-section of the raw material 1. Furthermore,
the diameter of each insertion hole 34 is set to be the same or slightly larger than the maximum diameter of the raw
material 1 . Therefore, as shown in Fig. 15, in the state where the raw material 1 is inserted in the insertion hole 34, a
slight gap K is generated inevitably between the surface of the raw material 1 and the peripheral surface of the insertion
hole 34. Furthermore, for the same reason, between the surface of the raw material 1 and the peripheral surface of the
insertion hole 34 of the first right guide 31, a slight gap K is generated, and a slight gap K is generated between the
surface of the raw material 1 and the peripheral surface of the insertion hole 44 of the left guide 41.
[0300] Three heatingmeans 81, 82 and 83 are the same in structure. The first heating means 81 among these three
heating means 81, 82 and 83 is for partially heating the portion 11x of the raw material 1 corresponding to the front end
portion 31x of the first right guide 31 at the right side portion 3R of the raw material 1. Furthermore, the second heating
means 82 is for partially heating the portion 12x of the raw material 1 corresponding to the front end portion 32x of the
second right guide 32 at the right side portion 3R of the raw material 1. Moreover, the third heating means 83 is for
partially heating the portion 13x of the raw material 1 corresponding to the front end portion 41x of the left guide 41 at
the left side portion 3L of the raw material 1.
[0301] The first heating means 81 is a first induction-heating means having a first induction-heating coil 81a and a
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power-supply portion (not shown) for supplying AC current (AC voltage) to the coil 81a. The surface of the coil 81a is
covered by the insulating layer (not shown) consisting of an insulating tape, etc. Furthermore, this coil 81a is embedded
in the fixed die 20 so as to surround the first forming dented portion 22.
[0302] The first right guide 31 is made of a hard conductive material having heat resistance, such as, e.g., steel
material. In the same manner, the fixed die 20 is made of , e.g., a hard conductive material (e.g., heat-resistant metal
material) having heat resistance, such as, e.g., steel material.
[0303] In this first induction-heating means 81, it is configured such that when a current (voltage) of a prescribed
frequency (e.g., high frequency or low frequency) is supplied to the coil 81a by the power-supply portion, the front end
portion 31x of the first right guide 31 (in detail, the front end portion 31x of the male die portion 31a) is partially heated
by the coil 81a, to thereby partially heat the portion 11x of the raw material 1 corresponding to the front end portion 31x
of the first right guide 31 at the right side portion 3R by the heat of the front end portion 31x of the first right guide 31.
That is, it is configured such that the heat of the front end portion 31x of the first right guide 31 is conducted to the portion
11x of the raw material 1 to thereby partially heat the portion 11x of the raw material 1. Furthermore, this first induction-
heating means 81 is configured such that the portion 11x of the raw material 1 can be heated into a half-molten state
by raising the heating temperature of the portion 11x by increasing, e.g., the current supplying amount to the coil 81a.
[0304] The second heating means 82 is a second induction-heating means having a second induction-heating coil
82a and a power-supply portion 82b for supplying AC current (AC voltage) to the coil 82a. The surface of the coil 82a
is covered with an insulating layer (not shown) consisting of, e.g., an insulating tape. Furthermore, this coil 82a is
embedded in the forming die portion 26 of the fixed die 20 so as to surround the second molding dented portion 23.
[0305] The second right guide 32 is made of a hard conductive material having heat resistance, such as, e.g., steel
material (e.g., heat-resistant metal material).
[0306] In this second induction-heating means 82, it is configured such that when a current (voltage) of a prescribed
frequency (e.g., high frequency or low frequency) is supplied to the coil 82a by the power-supply portion 82b, the front
end portion 32x of the second right guide 32 (in detail, the front end portion 32x of the male die portion 32a) is partially
induction-heated, to thereby partially heat the portion 12x of the raw material 1 corresponding to the front end portion
32x of the second right guide 32 at the right side portion 3R by the heat of the front end portion 32x of the second right
guide 32. That is, it is configured such that the heat of the front end portion 32x of the second right guide 32 is conducted
to the portion 12x of the raw material 1 to thereby partially heat the portion 12x of the raw material 1. Furthermore, this
second induction-heating means 82 is configured such that the portion 12x of the raw material 1 can be heated into a
half-molten state by raising the heating temperature of the portion 12x of the raw material 1 by increasing, e.g., the
current supplying amount to the coil 82a.
[0307] The third heating means 83 is a third induction-heating means having a third induction-heating coil 83a and a
power-supply portion 83b for supplying AC current (AC voltage) to the coil 83a. The surface of the coil 83a is covered
with an insulating layer (not shown) consisting of, e.g., an insulating tape. Furthermore, this coil 83a is embedded in the
fixed die 20 so as to surround the third molding dented portion 24.
[0308] The left guide 41 is made of a hard conductive material having heat resistance, such as, e.g., steel material
(e.g., heat-resistant metal material).
[0309] In this third induction-heating means 83, it is configured such that when a current (voltage) of a prescribed
frequency (e.g., high frequency or low frequency) is supplied to the coil 83a by the power-supply portion 83b, the front
end portion 41x of the left guide 41 (in detail, the front end portion 41x of the male die portion 41a) is partially heated by
the coil 83a, to thereby partially heat the portion 13x of the raw material 1 corresponding to the front end portion 41x of
the left guide 41 at the left side portion 3L by the heat of the front end portion 41x of the left guide 41. That is, it is
configured such that the heat of the front end portion 41x of the left guide 41 is conducted to the portion 13x of the raw
material 1 to thereby partially heat the portion 13x of the raw material 1. Furthermore, this third induction-heating means
83 is configured such that the portion 13x of the raw material 1 can be heated into a half-molten state by raising .the
heating temperature of the portion 13x by increasing, e.g., the current supplying amount to the coil 83a.
[0310] Three coolingmeans 85 , 86 and 87 are the same in structure. Among these three cooling means 85, 86 and
87, the first cooling means 85 is for partially cooling the portion 11y of the raw material 1 corresponding to the portion
of the first right guide 31 located behind the front end portion 31x of the first right guide 31 at the right side portion 3R
of the raw material 1. The second cooling means 86 is for partially cooling the portion 12y of the raw material 1 corre-
sponding to the portion of the second right guide 32 located behind the front end portion 32x of the second right guide
32 at the right side portion 3R of the raw material 1. Moreover, the third cooling means 87 is for partially cooling the
portion 13y of the raw material 1 corresponding to the portion of the left guide 41 located behind the front end portion
41x of the left guide 41 at the left side portion 3L of the raw material 1.
[0311] The first cooling means 85 has a cooling fluid passage 85a formed in the rear end portion of the first right guide
31. The first cooling means 85 is configured to partially cool the portion 11y of the raw material 1 corresponding to the
portion of the first right guide 31 located behind the front end portion 31x of the first right guide 31 at the right side portion
3R of the raw material 1 by circulating cooling fluid, such as, e.g., cooling water, in the cooling fluid passage 85a.
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[0312] The second cooling means 86 has a cooling fluid passage 86a formed in the rear end portion of the second
right guide 32. This second cooling means 86 is configured to partially cool the portion 12y of the raw material 1 corre-
sponding to the portion of the second right guide 32 located behind the front end portion 32x of the second right guide
32 at the right side portion 3R of the raw material 1 by circulating cooling fluid, such as, e.g. , cooling water, in the cooling
fluid passage 86a.
[0313] The third cooling means 87 has a cooling fluid passage 87a formed in the rear end portion of the left guide 41.
This third cooling means 87 is configured to partially cool the portion 13y of the raw material 1 corresponding to the
portion of the left guide 41 located behind the front end portion 41x of the left guide 41 at the left side portion 3L of the
raw material 1 by circulating cooling fluid, such as, e.g., cooling water, in the cooling fluid passage 87a.
[0314] "88" denotes a cooling fluidpassage formed in the molding die portion 26 of the fixed die 20. This cooling fluid
passage 88 is for restraining the heat produced by the coil 82a of the first induction-heating means 82 from conducting
to other portions of the fixed die 20 by circulating cooling fluid in the passage 88. "89" is a cooling fluid passage formed
in the left end portion of the fixed die 20. This cooling fluid passage 89 is for restraining the heat produced by the coil
83a of the third induction-heating means 83 from conducting to other portions of the fixed die 20 by circulating cooling
fluid in the passage 89.
[0315] The two lubricant applying means 91 and 92 are the same in structure. The first lubricant applying means 91
out of these two lubricant applying means 91 and 92 is for making lubricant (not shown) adhere to the peripheral surfaces
of the insertion holes 34 and 34 of the first right guide 31 and the second right guide 32. The second lubricant applying
means 92 is for making lubricant adhere to the peripheral surface of the insertion hole 44 of the left guide 41.
[0316] The structure of each lubricant applying means 91 and 92 and the usage thereof are the same as the lubricant
applying means of the upsetting apparatus 1C of the third embodiment.
[0317] Next, the upsetting method using the upsetting apparatus 1D of this fourth embodiment will be explained below.
[0318] Initially, lubricant is made to adhere to the peripheral surfaces of the insertion holes 34, 34 and 44 of each of
the guides 31, 32 and 41 by the corresponding lubricant applying means 91 and 92. Lubricant can also be made to
adhere to the surfaces of the right side portion 3R and the left side portion 3L of the raw material 1.
[0319] Subsequently, as shown in Fig. 14, the axial intermediate portion 2 of the raw material 1 is inserted and held
in the raw material fixing insertion hole 21 of the fixed die 20.
[0320] Furthermore, the right side portion 3R of the rawmaterial 1 is inserted and held in each of the insertion holes
34 and 34 of the first right guide 31 and the second right guide 32 in order. In this state, as shown in Fig. 15, in the gap
K between the surface of the right side portion 3R of the raw material 1 and the peripheral surface of each insertion hole
34 and 34, the lubricant (not shown) adhering to the peripheral surface of the insertion holes 34 and 34 is introduced by
capillarity action, etc., and temporarily retained.
[0321] Furthermore, the left side portion 3L of the raw material 1 is inserted and held in the insertion hole 44 of the
left guide 41. In this state, in the same manner as mentioned above, the lubricant adhering to the peripheral surface of
the insertion hole 44 is temporarily retained in the gap between the surface of the left side portion 3L of the raw material
1 and the peripheral surface of the insertion hole 44.
[0322] Furthermore, the front end portion 31x of the first right guide 31 is partially induction-heated by supplying current
of a prescribed frequency to the coil 81a of the first induction-heating means 81 by the power-supply portion. This partially
heats the portion 11x of the raw material 1 corresponding to the front end portion 31x of the first right guide 31 at the
right side portion 3R of the raw material 1 into a prescribed temperature by the heat of the front end portion 31x of the
first right guide 31. Thereby, the deformation resistance at the portion 11x of the raw material 1 is reduced partially.
[0323] The preferable range of the heating temperature of the portion 11x of the raw material 1 is the same as the
preferable range of the heating temperature as described in the third embodiment.
[0324] Furthermore, the portion 11y of the raw material 1 corresponding to the portion of the first right guide 31 located
behind the front end portion 31x of the first right guide 31 at the right side portion 3R of the raw material 1 is partially
cooled by circulating cooling fluid, such as, e.g., cooling water of a normal temperature, in the cooling fluid passage 85a
of the first cooling means 85. This prevents deterioration of the deformation resistance at the portion 11y of the raw
material 1.
[0325] The preferable range of the cooling temperature in this case is the same as the preferable range of the cooling
temperature as described in the third embodiment.
[0326] On the other hand, current is not supplied to the coil 82a of the second induction-heating means 82, therefore
the portion 12x of the raw material 1 corresponding to the front end portion 32x of the second right guide 32 at the right
side portion 3R of the raw material 1 will not be heated. Therefore, the deformation resistance of the portion 12x of the
raw material 1 will not be reduced.
[0327] Furthermore, the portion 12y of the raw material 1 corresponding to the portion of the second right guide 32
located behind the front end portion 32x of the second right guide 32 at the right side portion 3R of the raw material 1
is partially cooled by circulating cooling fluid, such as, e.g., cooling water of a normal temperature in the cooling fluid
passage 86a of the second cooling means 86. Thereby, deterioration of the deformation resistance of the portion 12y
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of the raw material 1 can be restrained.
[0328] Furthermore, the front end portion 41x of the left guide 41 is partially induction-heated into a prescribed tem-
perature by supplying current of a prescribed frequency to the coil 83a of the third induction-heating means 83 by the
power-supply portion 83b. Thereby, the portion 13x of the raw material 1 corresponding to the front end portion 41x of
the left guide 41 at the left side portion 3L is partially heated into a prescribed temperature by the heat of the front end
portion 41x of the left guide 41. Thus, the portion 13x of the raw material 1 is reduced in deformation resistance.
[0329] Furthermore, the portion 13y of the raw material 1 corresponding to the portion of the left guide 41 located
behind the front end portion 41x of the left guide 41 at the left side portion 3L of the raw material 1 is partially cooled by
circulating cooling fluid, such as, e.g. , cooling water of a normal temperature in the cooling fluid passage 87a of the
third cooling means 87. This restrains deterioration of the deformation resistance of the portion 13y of the raw material 1.
[0330] Next, while maintaining this state, in the same procedures as in the upsetting method shown as the second
embodiment, the first exposed portion 4 of the raw material 1 and the third exposed portion 6 thereof are simultaneously
expanded in diameter in the first molding dented portion 22 and the third molding dented portion 24.
[0331] As shown in Fig. 16, when the first exposed portion 4 of the raw material 1 is expanded in diameter into a
designed shape, i.e., an approximately spherical shape in the first molding dented portion 22, the portion 32x of the
second right guide 32 is partially induction-heated by supplying current of prescribed frequency to the coil 82a of the
second induotion--heating means 82 by the power-supply portion 82b to thereby partially heat the portion 12x of the raw
material 1 corresponding to the front end portion 32x of the second right guide 32 at the right side portion 3R of the raw
material 1 into a prescribed temperature by the heat of the front end portion 32x of the second right guide 32. Thus, the
portion 12x of the raw material 1 is partially decreased in deformation resistance.
[0332] Furthermore, the portion 12y of the raw material 1 corresponding to the portion of the second right guide 32
located behind the front end portion 32x of the second right guide 32 at the right side portion 3R of the raw material 1
is partially cooled by circulating cooling fluid in the cooling fluid passage 86a of the second cooling means 86. This
restrains deterioration of the deformation resistance of the portion 12y of the raw material 1.
[0333] Next, while maintaining this state, in the same procedures as in the upsetting method shown as the second
embodiment, as shown in Fig. 17, the second exposed portion 5 of the raw material 1 and the third exposed portion 6
thereof are simultaneously expanded in diameter.
[0334] The upsetting of the raw material 1 is completed at three portions through the above procedures.
[0335] Thereafter, the raw material 1 is removed from the insertion hole 21 of the fixed die 20 and the insertion holes
34, 34 and 44 of each of the guides 31 , 32 and 41. Thus, a desired upsetting manufactured product 10B shown in Fig.
9 can be obtained.
[0336] Thus, the upsetting method of the fourth embodiment has the advantages of the upsetting method of second
embodiment and further the advantages of the upsetting method of the third embodiment.
[0337] Although some embodiments of the present invention were explained above, the present invention is not limited
to one of them, and can be changed variously.
[0338] For example, in the present invention, in cases where the second right guide 32 moved after the completion
of moving the first right guide 31, after providing an initial clearance between the second right guide 32 and the first right
guide 31 by moving only the second right guide 32 in a state in which the movement of a right punch 50R is stopped,
the movement of the right punch 50R can be initiated. In this case, the diameter expansion working load required for
the diameter expansion of the second exposed portion 5 can be reduced.
[0339] Moreover, in the aforementioned embodiment, although the number of the right guides is two, in the present
invention, it can be three, four, or ever more.
[0340] Moreover, in the aforementioned embodiment, although the number of the left guide is one, in the present
invention, it can be two, three, or more than three. In the case where the number of the left guides is plural, the same
operation of the plurality of left guides as the right guide enables the diameter expansion of the left side portion of the
raw material at plural portion.
[0341] In the aforementioned embodiments, for the explanatory purpose, the explanation was made by referring the
axial one side portion of the raw material and the axial other side portion to as a "right side portion" and a "left side
portion", respectively. In the present invention, however, it is not limited by the direction of the raw material.
[0342] Furthermore, in the present invention, the raw material can be expanded in diameter with the prescribed portion
of the raw material heated to a prescribed temperature. Alternatively, the raw material can be expanded in diameter
without heating the prescribed portion of the raw material. That is, the up setting method according to the present
invention can be a heat upsetting method or a cold upsetting method.

Examples

[0343] Next, concrete examples of the present invention are shown below. However, the present invention is not
limited to the following examples.
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[0344] A round bar-shaped raw material 1 made of a continuously cast rolled material having a diameter of 12 mm
manufactured by a Properzi method, and a round bar-shaped raw material I made of an extruded material having a
diameter of 12 mm were prepared. The material of each of the raw materials 1 is a JIS (Japanese Industrial Standards)
A6061 aluminum alloy. These raw materials 1 were subjected to upsetting using the upsetting apparatus 10C of the
third embodiment. The molding pressure required at the upsetting was checked. The results are shown in Table 1.
[0345]

[0346] Here, in the "heating mode" in Table 1, "Partial heating" denotes the case where the portion 11x, 12x and 13x
of the raw material 1 corresponding to the front end portion 31x, 32x and 41x of each of the guides 31, 32 and 41 is
partially induction-heated by the induction-heating means 81, 82 and 83. On the other hand, "entire heating" denotes
the case where the entire raw material 1 was heated in a heating furnace, and then this raw material 1 in a heated state
was quickly set in the upsetting apparatus 1C and then upsetting was performed.
[0347] In the "cooling" column, "Yes" denotes the case where the portion 11y, 12y and 13y of the raw material 1
corresponding to the portion of each guide 31, 32 and 41 located behind the front end portion 31x, 32x and 41x of each
guide 31, 32 and 41 is cooled by each cooling means 85, 86 and 87. "No" denotes the case where no cooling was
performed.
[0348] As shown in Table 1, in the case where the raw material 1 made of continuously cast rolled material was used
(Examples 1 and 2), the molding pressure could be reduced as compared with the case where the raw material 1 made
of extruded material was used (Examples 3 and 4).
[0349] Furthermore, in the case where a partial heating was performed (Examples 1 and 3), the molding pressure
could be reduced as compared with the case where entire heating was performed (Examples 2 and 4).
[0350] This application claims priority to Japanese Patent Application No. 2005-24178 filed on January 31, 2005, and
U.S. Provisional Application No. 60/649,547 filed on February 4, 2005, the entire disclosures of which are incorporated
herein by reference in their entireties.
[0351] It should be understood that the terms and expressions used herein are used for explanation and have no
intention to be used to construe in a limited manner, do not eliminate any equivalents of features shown and mentioned
herein, and allow various modifications falling within the claimed scope of the present invention.

Industrial applicability

[0352] The present invention can be applied an upsetting method and an upsetting apparatus for expanding two or
more portions of a bar-shaped raw material.

Claims

1. An upsetting method, comprising the steps of:

preparing a plurality of guides each having an insertion hole penetrated in an axial direction for holding a bar-
shaped raw material in a buckling preventing state;
inserting and holding the raw material secured to a fixed die in each insertion hole of the plurality of guides in
order; then
expanding a first exposed portion of the raw material exposed between a first guide located at the foremost
side of the plurality of guides and the fixed die by moving the plurality of guides in a direction opposite to a
moving direction of a punch in a mutually adhering manner while pressurizing the raw material in the axial
direction with the punch; and
after completion of movement of the first guide, expanding a second exposed portion of the raw material exposed
between a second guide and the first guide by relatively moving the second guide located behind the first guide

[Table 1]

Type of raw material Heating mode Heating temperature Cooling Molding pressure

Example 1 Rolled material Partial heating 500° C Yes 4.4 x 107 Pa

Example 2 Rolled material Entire heating 400°C No 7.5x108 Pa

Example 3 Extruded material Partial heating 500°C Yes 7.1 x 107 Pa

Example 4 Extruded material Entire heating 400° C No 8.2 x 108 Pa
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among the plurality of guides in a direction opposite to a moving direction of the punch.

2. The upsetting method as recited in claim 1, wherein "G" satisfies a relational expression of 

when t0<T, in a case in which the first exposed portion of the raw material is expanded in diameter in a non-restricted
state,
where
"P" denotes an average moving speed of the punch from a moving initiation thereof,
"G" denotes an average moving speed of the first guide from a moving initiation thereof,
"X0" denotes a buckling limit length at a cross-sectional area of the raw material before executing the upsetting,
"X1" denotes a buckling limit length at a cross-sectional area of a diameter expanded portion to be formed by diameter
expansion of the first exposed portion of the raw material,
"X" denotes an initial clearance between the first guide and the fixed die (0�X�X0),
"t0" denotes a time lag from the moving initiation of the punch to the moving initiation of the first guide (0�t0),
"l0" denotes a length of the raw material before executing the upsetting required for the diameter expanded portion,
and
"T" denotes an upsetting time from the moving initiation of the punch.

3. The upsetting method as recited in claim 1, wherein "G" satisfies a relational expression of 

in a case in which the first exposed portion of the raw material is expanded in diameter in a molding dented portion
formed in the fixed die,
where
"P" denotes an average moving speed of the punch from the moving initiation,
"G" denotes an average moving speed of the first guide from the moving initiation,
"X0" denotes a buckling limit length at a cross-sectional area of the raw material before executing the upsetting,
"X" denotes an initial clearance between a front end potion of the first guide and a bottom portion of the molding
dented portion (0�X�X0),
"L0" denotes a length of the raw material before the upsetting required for the diameter expanded portion to be
formed by diameter expansion of the first exposed portion,
"XP" denotes a stop position of the tip end portion of the punch with respect to the bottom portion of the molding
dented portion obtained from a designed volume of the diameter expanded portion,
"Xg" denotes a stop position of the front end portion of the first guide with respect to the bottom portion of the molding
dented portion defined by design, and
"t0" denotes a time lag from the moving initiation of the punch to the moving initiation of the first guide (0�t0).

4. The upsetting method as recited in claim 1, wherein at least the first guide among the plurality of guides is capable
of being divided into a plurality of pieces by a dividing face vertically crossing the insertion hole.

5. The upsetting method as recited in claim 1, wherein the raw material is a round bar-shaped rolled material.

6. The upsetting method as recited in claim 5, wherein the raw material is a cast rolled material.

7. The upsetting method as recited in claim 5, wherein the raw material is a continuously cast rolled material.

8. The upsetting method as recited in claim 5, wherein the first exposed portion of the raw material and the second
exposed portion thereof are expanded in diameter with lubricant adhering to a peripheral surface of each insertion
hole of the plurality of guides and/or a surface of the raw material.

9. The upsetting method as recited in claim 1, wherein the first exposed portion of the raw material is expand in diameter
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with a portion of the raw material corresponding to the front end portion of the first guide partially heated.

10. The upsetting method as recited in claim 9, wherein the portion of the raw material corresponding to the front end
portion of the first guide is partially induction-heated by an induction-heating means.

11. The upsetting method as recited in claim 9, wherein the portion of the raw material corresponding to the front end
portion of the first guide is partially heated by partially induction-heating the front end portion of the first guide by an
induction-heating means.

12. The upsetting method as recited in claim 9, wherein the portion of the raw material corresponding to the front end
portion of the first guide is partially heated into a half-molten state.

13. The upsetting method as recited in claim 9, wherein the first exposed portion of the raw material is expand in diameter
in a state in which a portion of the raw material corresponding to a portion of the first guide located behind the front
end portion of the first guide is partially cooled.

14. The upsetting method as recited in claim 1, wherein the second exposed portion of the raw material is expand in
diameter with a portion of the raw material corresponding to a front end portion of the second guide partially heated.

15. The upsetting method as recited in claim 14, wherein the portion of the raw material corresponding to the front end
portion of the second guide is partially induction-heated by an induction-heating means.

16. The upsetting method as recited in claim 14, wherein the portion of the raw material corresponding to the front end
portion of the second guide is partially heated by partially induction-heating the front end portion of the second guide
by an induction-heating means.

17. The upsetting method as recited in claim 14, wherein the portion of the raw material corresponding to the front end
portion of the second guide is partially heated into a half-molten state.

18. The upsetting method as recited in claim 14, wherein the second exposed portion of the raw material is expand in
diameter in a state in which a portion of the raw material corresponding to a portion of the second guide located
behind the front end portion of the second guide is partially cooled.

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

20. An upsetting method, comprising the steps of:

preparing a plurality of one-side-portion guides each having an insertion hole penetrated in an axial direction
for holding one side portion out of axial both side portions of a bar-shaped raw material in a buckling preventing
state, the guides being to be arranged in the axial direction, at least one the-other-side-portion guide having an
insertion hole penetrated in an axial direction for holding the other side portion of the raw material in a buckling
preventing state, a one-side-portion punch for pressurizing one side portion of the raw material in an axial
direction, and a the-other-side-portion punch for pressurizing the other side portion of the raw material in an
axial direction;
inserting and holding the one side portion of the raw material with the axial intermediate portion secured to a
fixed die in each insertion hole of the plurality of one-side-portion guides in order, and inserting and holding the
other side portion of the raw material in the insertion hole of the-other-side-portion guide;
subsequently expanding a first exposed portion of the raw material exposed between the first guide placed at
the foremost side among the plurality of one-side-portion guides and the fixed die by integrally moving the
plurality of one-sides-portion guides in a direction opposite to the moving direction of the one-side-portion punch
in a mutually adhering manner while pressurizing one side portion of the raw material in an axial direction with
the one-side-portion punch;
after termination of movement of the first guide, expanding a second exposed portion of the raw material exposed
between the second guide and the first guide by mutually moving the second guide placed behind the first guide
among the plurality of one-sides-portion guides in a direction opposite to a moving direction of the one-side-
portion punch;
expanding a third exposed portion of the raw material exposed between the-other-side-portion guide and the
fixed die by moving the-other-side-portion guide in a direction opposite to the moving direction of the-other-
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side-portion punch while pressurizing the other side portion of the raw material in an axial direction with the-
other-side-portion punch simultaneously with pressurizing of the one side portion of the raw material with the
one-side-portion punch.

21. The upsetting method as recited in claim 20, wherein "G" satisfies a relational expression of 

when t0<T, in a case in which the first exposed portion of the raw material is expanded in diameter in a non-restricted
state,
where
"P" denotes an average moving speed of the one-side-portion punch from a moving initiation thereof,
"G" denotes an average moving speed of the first guide from a moving initiation thereof,
"X0" denotes a buckling limit length at a cross-sectional area of the raw material before executing the upsetting,
"X1" denotes a buckling limit length at a cross-sectional area of a diameter expanded portion to be formed by diameter
expansion of the first exposed portion of the raw material,
"X" denotes an initial clearance between the first guide and the fixed die (0�X�X0),
"t0" denotes a time lag from the moving initiation of the one-side-portion punch to the moving initiation of the first
guide (0�t0),
"l0" denotes a length of the raw material before executing the upsetting required for the diameter expanded portion,
and
"T" denotes an upsetting time from the moving initiation of the one-side-portion punch.

22. The upsetting method as recited in claim 20, wherein "G" satisfies a relational expression of 

in a case in which the first exposed portion of the raw material is expanded in diameter in a molding dented portion
formed in the fixed die,
where
"P" denotes an average moving speed of the one-side-portion punch from the moving initiation thereof,
"G" denotes an average moving speed of the first guide from the moving initiation thereof,
"X0" denotes a buckling limit length at a cross-sectional area of the raw material before executing the upsetting,
"X" denotes an initial clearance between a front end potion of the first guide and the bottom portion of the molding
dented portion (0�X�X0),
"L0" denotes a length of the raw material before executing the upsetting required for the diameter expanded portion
to be formed by diameter expansion of the first exposed portion,
"Xp" denotes a stop position of the tip end portion of the one-side-portion punch with respect to the bottom portion
of the molding dented portion obtained from a designed volume of the diameter expanded portion,
"Xg" denotes a stop position of the front end portion of the first guide with respect to the bottom portion of the molding
dented portion defined by design, and
"t0" denotes a time lag from a moving initiation of the one-side-portion punch to the moving initiation of the first guide
(0�t0).

23. The upsetting method as recited in claim 20, wherein at least the first guide among the plurality of the one-side-
portion guides is capable of being divided into a plurality of pieces by a dividing face vertically crossing the insertion
hole.

24. The upsetting method as recited in claim 20, wherein the raw material is a round bar-shaped rolled material.

25. The upsetting method as recited in claim 24, wherein the raw material is a cast rolled material.

26. The upsetting method as recited in claim 24, wherein the raw material is a continuously cast rolled material.
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27. The upsetting method as recited in claim 24, wherein the first exposed portion of the raw material, the second
exposed portion thereof and the third exposed portion thereof are expanded in diameter with lubricant adhering to
at least one of a peripheral surface of each insertion hole of the plurality of the one-side-portion guides, a peripheral
surface of the insertion hole of the other-side-portion guide and a surface of the raw material.

28. The upsetting method as recited in claim 20, wherein the first exposed portion of the raw material is expand in
diameter with a portion of the raw material corresponding to a front end portion of the first guide partially heated.

29. The upsetting method as recited in claim 28, wherein the portion of the raw material corresponding to the front end
portion of the first guide is partially induction-heated by an induction-heating means.

30. The upsetting method as recited in claim 28, wherein the portion of the raw material corresponding to the front end
portion of the first guide is partially heated by partially induction-heating the front end portion of the first guide by an
induction-heating means.

31. The upsetting method as recited in claim 28, wherein the portion of the raw material corresponding to the front end
portion of the first guide is partially heated into a half-molten state.

32. The upsetting method as recited in claim 28, wherein the first exposed portion of the raw material is expand in
diameter in a state in which a portion of the raw material corresponding to a portion of the first guide located behind
the front end portion of the first guide is partially cooled.

33. The upsetting method as recited in claim 20, wherein the second exposed portion of the raw material is expand in
diameter with a portion of the raw material corresponding to a front end portion of the second guide partially heated.

34. The upsetting method as recited in claim 33, wherein the portion of the raw material corresponding to the front end
portion of the second guide is partially induction-heated by an induction-heating means.

35. The upsetting method as recited in claim 33, wherein the portion of the raw material corresponding to the front end
portion of the second guide is partially heated by partially induction-heating the front end portion of the second guide
by an induction-heating means.

36. The upsetting method as recited in claim 33, wherein the portion of the raw material corresponding to the front end
portion of the second guide is partially heated into a half-molten state.

37. The upsetting method as recited in claim 33, wherein the second exposed portion of the raw material is expand in
diameter in a state in which a portion of the raw material corresponding to a portion of the second guide located
behind the front end portion of the second guide is partially cooled.

38. The upsetting method as recited in claim 20, wherein the third exposed portion of the raw material is expand in
diameter with a portion of the raw material corresponding to a front end portion of the third guide partially heated.

39. The upsetting method as recited in claim 38, wherein the portion of the raw material corresponding to the front end
portion of the third guide is partially induction-heated by an induction-heating means.

40. The upsetting method as recited in claim 38, wherein the portion of the raw material corresponding to the front end
portion of the third guide is partially heated by partially induction-heating the front end portion of the third guide by
an induction-heating means.

41. The upsetting method as recited in claim 38, wherein the portion of the raw material corresponding to the front end
portion of the third guide is partially heated into a half-molten state.

42. The upsetting method as recited in claim 38, wherein the third exposed portion of the raw material is expand in
diameter in a state in which a portion of the raw material corresponding to a portion of the third guide located behind
the front end portion of the third guide is partially cooled.

43. An upsetting manufactured product obtained by the upsetting method as recited in claim 20.
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44. An upsetting apparatus, comprising:

a plurality of guides each having an insertion hole penetrated in an axial direction for holding a bar-shaped raw
material in a buckling preventing state, the guides being arranged in an axial direction;
a punch for pressurizing the rawmaterial in an axial direction; and
a plurality of guide driving apparatuses for moving each guide of the plurality of guides in a direction opposite
to a moving direction of the punch.

45. The upsetting apparatus as recited in claim 44, wherein at least the guide located at the foremost side of the plurality
of guides is capable of being divided into a plurality of pieces by a dividing face vertically crossing the insertion hole.

46. The upsetting apparatus as recited in claim 44, wherein the raw material is a round bar-shaped rolled material, and
wherein the upsetting apparatus further comprises lubricant applying means for making lubricant adhere to a pe-
ripheral surface of each insertion hole of the plurality of guides and/or a surface of the raw material.

47. The upsetting apparatus as recited in claim 46, wherein the raw material is a cast rolled material.

48. The upsetting apparatus as recited in claim 46, wherein the raw material is a continuously cast rolled material.

49. The upsetting apparatus as recited in claim 44, further comprising a heating means for partially heating a portion of
the raw material corresponding to the front end portion of at least one guide among the plurality of guides.

50. The upsetting apparatus as recited in claim 49, wherein the heating means is an induction-heating means having
an induction-heating coil configured to partially induction-heat the portion of the raw material corresponding to the
front end portion of the at least one guide with the induction-heating means.

51. The upsetting apparatus as recited in claim 49, wherein the heating means is an induction-heating means having
an induction-heating coil configured to partially heat the portion of the raw material corresponding to the front end
portion of the at least one guide by partially induction-heating the front end portion of the at least one guide with the
induction-heating means.

52. The upsetting apparatus as recited in claim 49, wherein the heating means is capable of partially heating the portion
of he raw material corresponding to the front end portion of the at least one guide into a half-molten state.

53. The upsetting apparatus as recited in claim 49, further comprising a cooling means for partially cooling a portion of
the raw material corresponding to a portion of the at least one guide located behind the front end portion of the at
least one guide.

54. An upsetting apparatus, comprising:

a plurality of one-side-portion guides each having an insertion hole penetrated in an axial direction for holding
one side portion of axial both side portions of a bar-shaped raw material in a buckling preventing state, the
guides being arranged in the axial direction;
at least one the-other-side-portion guide having an insertion hole penetrated in an axial direction for holding
the other side portion of the raw material in a buckling preventing state;
a one-side-portion punch for pressurizing one side portion of the raw material in an axial direction;
a the-other-side-portion punch for pressurizing the other side portion of the raw material in an axial direction;
a plurality of one-side-portion guide driving apparatuses for moving each guide of the plurality of one-side-
portion guides in a direction opposite to the moving direction of the one-side-portion punch; and
a the-other-side-portion guide driving apparatus for moving the-other-side-portion guide in a direction opposite
to a moving direction of the-other-side-portion punch.

55. The upsetting apparatus as recited in claim 54, wherein at least the first guide located at the foremost side of the
plurality of one-side-portion guides is capable of being divided into a plurality of pieces by a dividing face vertically
crossing the insertion hole.

56. The upsetting apparatus as recited in claim 54, wherein the raw material is a round bar-shaped rolled material, and
wherein the upsetting apparatus further comprises lubricant applying means for making lubricant adhere to at least
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one of a peripheral surface of each insertion hole of the plurality of the one-side-portion guides, a peripheral surface
of the insertion hole of the-other-side guide and a surface of the raw material.

57. The upsetting apparatus as recited in claim 56, wherein the raw material is a rolled material.

58. The upsetting apparatus as recited in claim 56, wherein the raw material is a continuously rolled material.

59. The upsetting apparatus as recited in claim 54, further comprising a heating means for partially heating a portion of
the raw material corresponding to the front end portion of at least one guide among the plurality of the one-side-
portion guides and the-other-side-portion guide.

60. The upsetting apparatus as recited in claim 59, wherein the heating means is an induction-heating means having
an induction-heating coil configured to partially induction-heat the portion of the raw material corresponding to the
front end portion of the at least one guide with an induction-heating means.

61. The upsetting apparatus as recited in claim 59, wherein the heating means is an induction-heating means having
an induction-heating coil configured to partially heat the portion of the raw material corresponding to the front end
portion of the at least one guide by partially induction-heating the front end portion of the at least one guide with the
induction-heating means.

62. The upsetting apparatus as recited in claim 59, wherein the heating means is capable of partially heating the portion
of the raw material corresponding to the front end portion of the at least one guide into a half-molten state.

63. The upsetting apparatus as recited in claim 59, further comprising a cooling means for partially cooling a portion of
the raw material corresponding to a portion of the at least one guide located behind the front end portion of the at
least one guide.
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