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(54) METHOD AND DEVICE FOR UPSETTING CYLINDRICAL MATERIAL

(57) A method and a device for upsetting a cylindrical
material capable of securely swelling the intended part
of the cylindrical material to the inside or outside so that
its wall thickness can be increased. A core (40) is dis-
posed in the hollow parts (2a) and (3a) of the intended
part (2) and the unintended part (3) of the cylindrical ma-
terial (1). The unintended part (3) of the material (1) is
disposed in the arresting hole (11) of an arresting die
(10). The intended part (2) of the material (1) is disposed

in a molding recessed part (12). The intended part (2) of
the material (1) is disposed in the insertion hole (21) of
a guide (20). Next, while the intended part (2) of the ma-
terial (1) is pressurized in the axial direction with a punch
(30), the guide (20) is moved in an opposite direction (25)
to the moving direction (35) of the punch to swell the work
predicted part (2) of the material (1) to the outside so that
its wall thickness is increased in the molding recessed
part (12).



EP 1 844 875 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present invention relates to an upsetting method for a cylindrical raw material and an upsetting apparatus
for a cylindrical raw material for outwardly or inwardly expanding a prescribed portion of the cylindrical raw material by
increasing the wall thickness thereof.

Background Art

[0002] In general, upsetting is executed to expand a diameter of a processing scheduled portion of a bar-shaped
material by pressurizing the 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 secured to a securing die, and the processing scheduled portion of
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 processing scheduled portion
of the raw material in the axial direction with a punch, to thereby radially expand the processing scheduled of the raw
material exposed between the tip end portion of the guide and the securing die (see Patent Documents 1 and 2).
[0004] The aforementioned conventional upsetting method has been applied at the time of expanding the diameter
of the processing scheduled portion of the solid raw material.

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

[0005] In cases where only an axial part of a cylindrical raw material of a cylindrical shape, such as, e.g., a pipe shape,
is to be expanded inwardly or outwardly so as to increase the wall thickness by the conventional upsetting method, in
other words, in cases where wall thickness increasing processing of a cylindrical raw member is executed, there were
the following problems.
[0006] That is, since the cylindrical raw material has a hollow portion therein, at the time of the upsetting, a part of the
raw material tends to bend (buckles) inwardly or outwardly, causing a defective shape.
[0007] The present invention was made in view of the aforementioned technical background, and aims to provide an
upsetting method for a cylindrical raw material capable of assuredly expanding a processing scheduled portion of the
cylindrical raw material inwardly or outwardly so as to increase the wall thickness of the processing scheduled portion,
an upsetting manufactured product obtained by the upsetting method, and an upsetting apparatus for a cylindrical raw
material suitably used for the upsetting method.

Means for solving the Problem

[0008] The present invention provides the following means.
[0009] [1] An upsetting method for a cylindrical raw material, comprising:

disposing a core bar in hollow portions of a processing scheduled portion and a non-processing scheduled portion
of the cylindrical raw material, to thereby restrain internal peripheral surfaces of the processing scheduled portion
and the non-processing scheduled portion by a peripheral surface of the core bar;
disposing the non-processing scheduled portion of the raw material in a restraining hole formed in a restraining die
and extended in an axial direction thereof, to thereby restrain an external peripheral surface of the non-processing
scheduled portion with a peripheral surface of the restraining hole;
disposing the processing scheduled portion of the raw material in a molding dented portion formed at an axial end
portion of the restraining die;
disposing the processing scheduled portion of the raw material in an insertion hole formed in a guide and extended
in the axial direction thereof; and



EP 1 844 875 A1

3

5

10

15

20

25

30

35

40

45

50

55

then, moving the guide in a direction opposite to a moving direction of a punch while pressurizing the processing
scheduled portion of the raw material with the punch in an axial direction to thereby outwardly expand the processing
scheduled portion of the raw material within the molding dented portion so that a wall thickness of the raw material
increases.

[0010] [2] The upsetting method for a cylindrical raw material as recited in the aforementioned Item 1 wherein the
guide is moved by driving force of a guide driving apparatus.
[0011] [3] The upsetting method for a cylindrical raw material as recited in the aforementioned Item 1 or 2, wherein
"G" satisfies an equation of 

where
"P" denotes an average moving speed of the punch from the moving initiation thereof,
"G" denotes an average moving speed of the guide from the moving initiation thereof,
"X0" denotes a buckling limit length at a cross-sectional area of the processing scheduled portion of the raw material
before the upsetting,
"X" denotes an initial clearance between a tip end portion of the 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 expanded 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 design volume of the expanded portion,
"Xg" denotes a stop position of the tip end portion of the guide with respect to the bottom portion of the molding dented
portion defined by the design, and
"t0" denotes a time lag from the moving initiation of the punch to the moving initiation of the guide (0 � t0).
[0012] [4] The upsetting method for a cylindrical raw material as recited in the aforementioned Item 1, wherein the
guide is moved by pressing-back force acting on the guide generated by press-fitting the material of the processing
scheduled portion of the raw material into the molding dented portion.
[0013] [5] The upsetting method for a cylindrical raw material as recited in any one of the aforementioned Items 1 to
4, wherein the tip end portion of the punch is formed into a cross-sectional shape corresponding to a cross-sectional
shape of an axial end portion of the raw material.
[0014] [6] The upsetting method for a cylindrical raw material as recited in any one of the aforementioned Items 1 to
5, wherein the core bar is connected to the punch in such a manner that the core bar extends in an axial direction of the
punch.
[0015] [7] The upsetting method for a cylindrical raw material as recited in the aforementioned Item 6, wherein the
core bar is connected to the punch via an extensible device capable of being extended and contracted in an axial
direction, and
wherein the extensible device is contracted with a movement of the punch.
[0016] [8] The upsetting method for a cylindrical raw material as recited in any one of the aforementioned Items 1 to
7, wherein the processing scheduled portion of the raw material is expanded in a state in which the portion of the
processing scheduled portion of the raw material corresponding to the tip end portion of the guide is partially heated.
[0017] [9] The upsetting method for a cylindrical raw material as recited in the aforementioned Item 8, wherein the
portion of the processing scheduled portion of the raw material corresponding to the tip end portion of the guide is partially
induction-heated by an induction heating means.
[0018] [10] The upsetting method for a cylindrical raw material as recited in the aforementioned Item 8, wherein the
axial end portion of the restraining die is partially induction-heated by an induction heating means to thereby partially
heat the portion of the processing scheduled portion of the rawmaterial corresponding to the tip end portion of the guide.
[0019] [11] The upsetting method for a cylindrical raw material as recited in any one of the aforementioned Items 8 to
10, wherein the portion of the processing scheduled portion of the raw material corresponding to the tip end portion of
the guide is partially heated into a half-molten state.
[0020] [12] The upsetting method for a cylindrical raw material as recited in any one of the aforementioned Items 8 to
11, wherein the processing scheduled portion of the raw material is expanded in a state in which the portion of the
processing scheduled portion of the raw material corresponding to the portion of the basal end side of the guide rather
than the tip end portion of the guide is partially cooled by a cooling means.
[0021] [13] An upsetting manufactured product obtained by the upsetting method for a cylindrical raw material as
recited in any one of the aforementioned Items 1 to 12.
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[0022] [14] An upsetting method for a cylindrical raw material, comprising:

disposing a core bar in hollow portions of a non-procossing scheduled portion of an axial intermediate portion of a
cylindrical raw material and a processing scheduled portion of both axial end portions of the cylindrical raw material,
to thereby restrain internal peripheral surfaces of the non-processing scheduled portion and both the processing
scheduled portions by a peripheral surface of the core bar;
disposing the non-processing scheduled portion of the raw material in a restraining hole formed in a restraining die
and extended in an axial direction thereof, to thereby restrain an external peripheral surface of the non-processing
scheduled portion with a peripheral surface of the restraining hole;
disposing both the processing scheduled portions of the raw material in molding dented portions formed at both
axial end portions of the restraining die;
disposing each processing scheduled portion of the raw material in an insertion hole formed in a guide and extended
in the axial direction thereof; and
then, moving each guide in a direction opposite to a moving direction of the punch while simultaneously pressurizing
each processing scheduled portion of the raw material with the punch in an axial direction to thereby outwardly
expand each processing scheduled portion of the raw material within the corresponding molding dented portion so
that a wall thickness of the raw material increases.

[0023] [15] The upsetting method for a cylindrical raw material as recited in the aforementioned Item 14, wherein each
guide is moved by driving force of a corresponding guide driving apparatus.
[0024] [16] The upsetting method for a cylindrical raw material as recited in the aforementioned Item 14 or 15, wherein,
in at least one of guides and a punch corresponding to the one of guides, "G" satisfies an equation of 

where
"P" denotes an average moving speed of the punch from the moving initiation thereof,
"G" denotes an average moving speed of the guide from the moving initiation thereof,
"X0" denotes a buckling limit length at a cross-sectional area of the processing scheduled portion of the raw material
before the upsetting,
"X" denotes an initial clearance between a tip end portion of the 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 expanded 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 design volume of the expanded portion,
"Xg" denotes a stop position of the tip end portion of the guide with respect to the bottom portion of the molding dented
portion defined by the design, and
"t0" denotes a time lag from the moving initiation of the punch to the moving initiation of the guide (0�t0).
[0025] [17] The upsetting method for a cylindrical raw material as recited in the aforementioned Item 14, wherein each
guide is moved by pressing-back force acting on the guide generated by press-fitting the material of the corresponding
processing scheduled portion of the rawmaterial into the molding dented portion.
[0026] [18] The upsetting method for a cylindrical raw material as recited in any one of the aforementioned Items 14
to 17, wherein the tip end portion of each punch is formed into a cross-sectional shape corresponding to a cross-sectional
shape of a corresponding axial end portion of the raw material.
[0027] [19] The upsetting method for a cylindrical raw material as recited in any one of the aforementioned Items 14
to 18, wherein the core bar is divided into divided core bar halves at the axial intermediate portion thereof, and
wherein each core bar half is connected to a corresponding punch with the divided core bar half extended in an axial
direction of the punch.
[0028] [20] The upsetting method for a cylindrical raw material as recited in the aforementioned Item 19, wherein each
core bar half is connected to the corresponding punch via an extensible device capable of being extended and contracted
in an axial direction, and
wherein each extensible device is contracted with a movement of the corresponding punch.
[0029] [21] The upsetting method for a cylindrical raw material as recited in any one of the aforementioned Items 14
to 20, wherein each processing scheduled portion of the raw material is expanded in a state in which the portion of each
processing scheduled portion of the raw material corresponding to the tip end portion of the guide is partially heated.
[0030] [22] The upsetting method for a cylindrical raw material as recited in the aforementioned Item 21, wherein the
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portion of each processing scheduled portion of the raw material corresponding to the tip end portion of the guide is
partially induction-heated by an induction heating means.
[0031] [23] The upsetting method for a cylindrical raw material as recited in the aforementioned Item 21, wherein both
the axial end portions of the restraining die are partially induction-heated by induction heating means to thereby partially
heat the portion of each processing scheduled portion of the raw material corresponding to the tip end portion of the guide.
[0032] [24] The upsetting method for a cylindrical raw material as recited in any one of the aforementioned Items 21
to 23, wherein the portion of each processing scheduled portion of the raw material corresponding to the tip end portion
of the guide is partially heated into a half-molten state.
[0033] [25] The upsetting method for a cylindrical raw material as recited in any one of the aforementioned Items 21
to 24, wherein each processing scheduled portion of the raw material is expanded in a state in which the portion of each
processing scheduled portion of the raw material corresponding to the portion of the basal end side of the guide rather
than the tip end portion of the guide is partially cooled by a cooling means.
[0034] [26] An upsetting manufactured product obtained by the upsetting method for a cylindrical raw material as
recited in any one of the aforementioned Items 14 to 25.
[0035] [27] An upsetting method for a cylindrical raw material, comprising:

preparing a core bar having a core bar main body and a small diameter portion formed at an axial end portion of
the core bar main body and smaller in diameter than the core bar main body;
disposing the core bar main body and the small diameter portion of the core bar in a hollow portion of a non-
processing scheduled portion of a cylindrical raw material and a hollow portion of the processing scheduled portion
of the cylindrical raw material, respectively, to thereby restrain the internal peripheral surface of the non-processing
scheduled portion by a peripheral surface of the core bar main body and form a molding dented portion between
an internal peripheral surface of the processing scheduled portion and the small diameter portion;
disposing the processing scheduled portion and the non-processing scheduled portion of the raw material in a
restraining hole formed in a restraining die and extended in an axial direction, to thereby restrain external peripheral
surfaces of the processing scheduled portion and the non-processing scheduled portion by a peripheral surface of
the restraining hole;
disposing a guide in the hollow portion of the processing scheduled portion of the raw material, to thereby restrain
the internal peripheral surface of the processing scheduled portion by the peripheral surface of the guide; and
then, moving the guide in a direction opposite to a moving direction of the punch while pressurizing the processing
scheduled portion of the raw material with the punch in an axial direction to thereby inwardly expand the processing
scheduled portion of the raw material within the molding dented portion so that a wall thickness of the raw material
increases.

[0036] [28] The upsetting method for a cylindrical raw material as recited in the aforementioned Item 27, wherein the
guide is moved by driving force of a guide driving apparatus.
[0037] [29] The upsetting method for a cylindrical raw material as recited in the aforementioned Item 27 or 28, wherein
"G" satisfies an equation of 

where
"P" denotes an average moving speed of the punch from the moving initiation thereof,
"G" denotes an average moving speed of the guide from the moving initiation thereof,
"X0" denotes a buckling limit length at a cross-sectional area of the processing scheduled portion of the raw material
before the upsetting,
"X" denotes an initial clearance between a tip end portion of the 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 expanded 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 design volume of the expanded portion,
"Xg" denotes a stop position of the tip end portion of the guide with respect to the bottom portion of the molding dented
portion defined by the design, and
"t0" denotes a time lag from the moving initiation of the punch to the moving initiation of the guide (0 � t0).
[0038] [30] The upsetting method for a cylindrical raw material as recited in the aforementioned Item 27, wherein the
guide is moved by pressing-back force acting on the guide generated by press-fitting the material of the processing
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scheduled portion of the raw material into the molding dented portion.
[0039] [31] The upsetting method for a cylindrical raw material as recited in any one of the aforementioned Items 27
to 30, wherein the tip end portion of the punch is formed into a cross-sectional shape corresponding to a cross-sectional
shape of an axial end portion of the raw material.
[0040] [32] The upsetting method for a cylindrical raw material as recited in any one of the aforementioned Items 27
to 31, wherein the core bar is connected to the guide in such a manner that the core bar extends in an axial direction of
the guide.
[0041] [33] The upsetting method for a cylindrical raw material as recited in the aforementioned Item 32, wherein the
core bar is connected to the guide via an extensible device capable of being extended and contracted in an axial direction,
and
wherein the extensible device is extended with a movement of the guide.
[0042] [34] The upsetting method for a cylindrical raw material as recited in any one of the aforementioned Items 27
to 33, wherein the processing scheduled portion of the raw material is expanded in a state in which the portion of the
processing scheduled portion of the raw material corresponding to the tip end portion of the guide is partially heated.
[0043] [35] The upsetting method for a cylindrical raw material as recited in the aforementioned Item 34, wherein the
portion of the processing scheduled portion of the rawmaterial corresponding to the tip end portion of the guide is partially
induction-heated by an induction heating means.
[0044] [36] The upsetting method for a cylindrical raw material as recited in the aforementioned Item 34, wherein the
axial end portion of the restraining die is partially induction-heated by an induction heating means to thereby partially
heat the portion of the processing scheduled portion of the rawmaterial corresponding to the tip end portion of the guide.
[0045] [37] The upsetting method for a cylindrical raw material as recited in any one of the aforementioned Items 34
to 36, wherein the portion of the processing scheduled portion of the raw material corresponding to the tip end portion
of the guide is partially heated into a half-molten state.
[0046] [38] The upsetting method for a cylindrical raw material as recited in any one of the aforementioned Items 34
to 37, wherein the processing scheduled portion of the raw material is expanded in a state in which the portion of the
processing scheduled portion of the raw material corresponding to the portion of the basal end side of the guide rather
than the tip end portion of the guide is partially cooled by a cooling means.
[0047] [39] A cylindrical upsetting manufactured product obtained by the upsetting method for a cylindrical raw material
as recited in any one of the aforementioned Items 27 to 38.
[0048] [40] An upsetting apparatus for a cylindrical raw material for outwardly expanding a processing scheduled
portion of the cylindrical raw material so that a wall thickness of the processing scheduled portion increases, the upsetting
apparatus, comprising:

a core bar disposed in hollow portions of the processing scheduled portion and a non-processing scheduled portion
of the cylindrical raw material;
a restraining die having a restraining hole extended in an axial direction, wherein the non-processing scheduled
portion of the raw material is to be disposed in the restraining hole;
a molding dented portion formed at an axial end portion of the restraining die;
a guide having an insertion hole extended in an axial direction, wherein the processing scheduled portion of the raw
material is to be disposed in the insertion hole; and
a punch for pressurizing the processing scheduled portion of the raw material in the axial direction,
wherein the guide is movable in a direction opposite to a moving direction of the punch.

[0049] [41] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 40, further
comprising a guide driving apparatus for moving the guide in a direction opposite to the moving direction of the punch.
[0050] [42] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 40 or 41,
wherein the tip end portion of the punch is formed into a cross-sectional shape corresponding to a cross-sectional shape
of an axial end portion of the raw material.
[0051] [43] The upsetting apparatus for a cylindrical raw material as recited in any one of the aforementioned Items
40 to 42, wherein the core bar is connected to the punch in such a manner that the core bar extends in an axial direction
of the punch.
[0052] [44] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 43, wherein
the core bar is connected to the punch via an extensible device capable of being extended and contracted in an axial
direction.
[0053] [45] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 44, wherein
the punch is equipped with the extensible device therein.
[0054] [46] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 44 or 45,
wherein the extensible device has a fluid pressure cylinder or a spring capable of being extended and contracted in an
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axial direction.
[0055] [47] The upsetting apparatus for a cylindrical raw material as recited in any one of the aforementioned Items
40 to 46, wherein chamfering work is given to the insertion hole opening edge portion of the tip end portion of the guide.
[0056] [48] The upsetting apparatus for a cylindrical raw material as recited in any one of the aforementioned Items
40 to 47, further comprising a heating means for partially heating the portion of the processing scheduled portion of the
raw material corresponding to the tip end portion of the guide.
[0057] [49] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Items 48, wherein
the heating means is an induction heating means configured to partially induction-heat the portion of the processing
scheduled portion of the raw material corresponding to the tip end portion of the guide.
[0058] [50] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 48, wherein
the heating means is an induction heating means configured to partially induction-heat the axial end portion of the
restraining die to thereby partially heat the portion of the processing scheduled portion of the raw material corresponding
to the tip end portion of the guide.
[0059] [51] The upsetting apparatus for a cylindrical raw material as recited in any one of the aforementioned Items
48 to 50, wherein the heating means is capable of partially heating the portion of the processing scheduled portion of
the raw material corresponding to the tip end portion of the guide into a half-molten state.
[0060] [52] The upsetting apparatus for a cylindrical raw material as recited in any one of the aforementioned Items
48 to 51, further comprising a cooling means configured to partially cool the portion of the processing scheduled portion
of the raw material corresponding to the portion of the basal end side of the guide rather than the tip end portion of the guide.
[0061] [53] An upsetting apparatus for a cylindrical raw material for outwardly expanding processing scheduled portions
of both axial end portions of the cylindrical raw material so that a wall thickness of each processing scheduled portion
increases, the upsetting apparatus, comprising:

a core bar disposed in hollow portions of a non-processing scheduled potion of an axial intermediate portion of the
cylindrical raw material and the processing scheduled portion of both axial end portions of the cylindrical raw material;
a restraining die having a restraining hole extended in an axial direction, wherein the non-processing scheduled
portion of the raw material is to be disposed in the restraining hole;
two molding dented portions formed at axial both end portions of the restraining die;
two guides each having an insertion hole extended in an axial direction, wherein each processing scheduled portion
of the raw material is to be disposed in the insertion hole; and
two punches each for pressurizing each processing scheduled portion of the raw material in the axial direction,
wherein each guide is movable in a direction opposite to a moving direction of the punch.

[0062] [54] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 53, further
comprising two guide driving apparatuses each for moving the corresponding guide in a direction opposite to the moving
direction of the punch.
[0063] [55] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 53 or 54,
wherein the tip end portion of each punch is formed into a cross-sectional shape corresponding to a cross-sectional
shape of a corresponding axial end portion of the raw material.
[0064] [56] The upsetting apparatus for a cylindrical raw material as recited in any one of the aforementioned Items
53 to 55, wherein the core bar is divided into divided core bar halves at the axial intermediate portion thereof, and
wherein each core bar half is connected to a corresponding punch with the divided core bar half extended in an axial
direction of the punch.
[0065] [57] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 56, wherein
each core bar half is connected to the corresponding punch via an extensible device capable of being extended and
contracted in an axial direction.
[0066] [58] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 57, wherein
each punch is equipped with the corresponding extensible device therein.
[0067] [59] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 57 or 58,
wherein the extensible device has a fluid pressure cylinder or a spring capable of being extended and contracted in an
axial direction.
[0068] [60] The upsetting apparatus for a cylindrical raw material as recited in any one of the aforementioned Items
53 to 59, wherein chamfering work is given to the insertion hole opening edge portion of the tip end portion of each guide.
[0069] [61] The upsetting apparatus for a cylindrical raw material as recited in any one of the aforementioned Items
53 to 60, further comprising two heating means each for partially heating the portion of each processing scheduled
portion of the raw material corresponding to the tip end portion of the guide.
[0070] [62] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 61, wherein
each heating means is an induction heating means configured to partially induction-heat the portion of each processing
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scheduled portion of the raw material corresponding to the tip end portion of the guide.
[0071] [63] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 61, wherein
each heating means is an induction heating means configured to partially induction-heat both the axial end portions of
the restraining die to thereby partially heat the portion of each processing scheduled portion of the raw material corre-
sponding to the tip end portion of the guide.
[0072] [64] The upsetting apparatus for a cylindrical raw material as recited in any one of the aforementioned Items
61 to 63, wherein each heating means is capable of partially heating the portion of the processing scheduled portion of
the raw material corresponding to the tip end portion of the guide into a half-molten state.
[0073] [65] The upsetting apparatus for a cylindrical raw material as recited in any one of the aforementioned Items
61 to 64 further comprising two cooling means each configured to partially cool the portion of each processing scheduled
portion of the raw material corresponding to the portion of the basal end side of the guide rather than the tip end portion
of the guide.
[0074] [66] An upsetting apparatus for a cylindrical raw material for inwardly expanding a processing scheduled portion
of a cylindrical raw material so that a wall thickness increases, the upsetting apparatus, comprising:

a core bar having a core bar main body and a small diameter portion formed at an axial end portion of the core bar
main body and smaller in diameter than the core bar main body, wherein the core bar main body and the small
diameter portion are disposed in a hollow portion of the processing scheduled portion of the cylindrical raw material
and a hollow portion of a non-processing scheduled portion of the cylindrical raw material, respectively, to thereby
form a molding dented portion between an internal peripheral surface of the non-processing scheduled portion and
the small diameter portion;
a restraining die having a restraining hole extended in an axial direction, wherein the processing scheduled portion
and the non-processing scheduled portion of the raw material are to be disposed in the restraining hole;
a guide to be disposed in the hollow portion of the processing scheduled portion of the raw material; and
a punch configured to pressurize the processing scheduled portion of the raw material in an axial direction,
wherein the guide is movable in a direction opposite to a moving direction of the punch.

[0075] [67] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 66, further
comprising a guide driving apparatus for moving the guide in a direction opposite to the moving direction of the punch.
[0076] [68] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 66 or 67,
wherein the tip end portion of the punch is formed into a cross-sectional shape corresponding to a cross-sectional shape
of an axial end portion of the raw material.
[0077] [69] The upsetting apparatus for a cylindrical raw material as recited in any one of the aforementioned Items
66 to 68, wherein the guide is disposed in a hollow portion formed in the punch and extended in an axial direction in a
manner such that the guide is movable in an axial direction of the punch.
[0078] [70] The upsetting apparatus for a cylindrical raw material as recited in any one of the aforementioned Items
66 to 69, wherein the core bar is connected to the guide in such a manner that the core bar extends in an axial direction
of the guide.
[0079] [71] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 70, wherein
the core bar is connected to the guide via an extensible device capable of being extended and contracted in an axial
direction.
[0080] [72] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 71, wherein
the guide is equipped with the extensible device therein.
[0081] [73] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 71 or 72,
wherein the extensible device has a fluid pressure cylinder or a spring capable of being extended and contracted in an
axial direction.
[0082] [74] The upsetting apparatus for a cylindrical raw material as recited in any one of the aforementioned Items
66 to 73, wherein chamfering work is given to a peripheral edge portion of a tip end portion of the guide.
[0083] [75] The upsetting apparatus for a cylindrical raw material as recited in any one of the aforementioned Items
66 to 74, further comprising a heating means for partially heating the portion of the processing scheduled portion of the
raw material corresponding to the tip end portion of the guide.
[0084] [76] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 75, wherein
the heating means is an induction heating means configured to partially induction-heat the portion of the processing
scheduled portion of the raw material corresponding to the tip end portion of the guide.
[0085] [77] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 75, wherein
the heating means is an induction heating means configured to partially induction-heat the axial end portion of the
restraining die to thereby partially heat the portion of the processing scheduled portion of the raw material corresponding
to the tip end portion of the guide.
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[0086] [78] The upsetting apparatus for a cylindrical raw material as recited in any one of the aforementioned Items
75 to 77, wherein the heating means is capable of partially heating the portion of the processing scheduled portion of
the raw material corresponding to the tip end portion of the guide into a half-molten state.
[0087] [79] The upsetting apparatus for a cylindrical raw material as recited in any one of the aforementioned Items
75 to 78, further comprising a cooling means configured to partially cool the portion of the processing scheduled portion
of the raw material corresponding to the portion of the basal end side of the guide rather than the tip end portion of the guide.
[0088] [80] An upsetting method for a cylindrical raw material, comprising:

filling hollow portions of a processing scheduled portion and a non-processing scheduled portion of a cylindrical raw
material with pressure fluid, to thereby pressurize and restrain internal peripheral surfaces of the processing sched-
uled portion and the non-processing scheduled portion with the fluid pressure;
disposing the non-processing scheduled portion of the raw material in a restraining hole formed in a restraining die
and extended in an axial direction, to thereby restrain an external peripheral surface of the non-processing scheduled
portion with a peripheral surface of the restraining hole;
disposing the processing scheduled portion of the raw material in a molding dented portion formed at an axial end
portion of the restraining die;
disposing the processing scheduled portion of the raw material in an insertion hole formed in a guide and extended
in an axial direction;
then, moving the guide in a direction opposite to a moving direction of the punch while pressurizing the processing
scheduled portion of the raw material with the punch in an axial direction to thereby outwardly expand the processing
scheduled portion of the raw material within the molding dented portion so that a wall thickness of the raw material
increases.

[0089] [81] An upsetting method for a cylindrical raw material as recited in the aforementioned Item 80, wherein the
guide is moved by driving force of a guide driving apparatus.
[0090] [82] The upsetting method for a cylindrical raw material as recited in the aforementioned Item 80 or 81, wherein
"G" satisfies an equation of 

where
"P" denotes an average moving speed of the punch from the moving initiation thereof,
"G" denotes an average moving speed of the guide from the moving initiation thereof,
"X0" denotes a buckling limit length at a cross-sectional area of the processing scheduled portion of the raw material
before the upsetting,
"X" denotes an initial clearance between a tip end portion of the 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 expanded 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 design volume of the expanded portion,
"Xg" denotes a stop position of the tip end portion of the guide with respect to the bottom portion of the molding dented
portion defined by the design, and
"t0" denotes a time lag from the moving initiation of the punch to the moving initiation of the guide (0 � t0).
[0091] [83] The upsetting method for a cylindrical raw material as recited in the aforementioned Item 80, wherein the
guide is moved by pressing-back force acting on the guide generated by press-fitting the material of the processing
scheduled portion of the raw material into the molding dented portion.
[0092] [84] The upsetting method for a cylindrical raw material as recited in any one of the aforementioned Items 80
to 83, wherein the tip end portion of the punch is formed into a cross-sectional shape corresponding to a cross-sectional
shape of an axial end portion of the raw material.
[0093] [85] The upsetting method for a cylindrical raw material as recited in any one of the aforementioned Items 80
to 84, wherein the processing scheduled portion of the raw material is expanded in a state in which the portion of the
processing scheduled portion of the raw material corresponding to the tip end portion of the guide is partially heated.
[0094] [86] The upsetting method for a cylindrical raw material as recited in the aforementioned Item 85, wherein the
portion of the processing scheduled portion of the rawmaterial corresponding to the tip end portion of the guide is partially
induction-heated by an induction heating means.
[0095] [87] The upsetting method for a cylindrical raw material as recited in the aforementioned Item 85, wherein the
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axial end portion of the restraining die is partially induction-heated by an induction heating means to thereby partially
heat the portion of the processing scheduled portion of the raw material corresponding to the tip end portion of the guide.
[0096] [88] The upsetting method for a cylindrical raw material as recited in any one of the aforementioned Items 85
to 87, wherein the portion of the processing scheduled portion of the raw material corresponding to the tip end portion
of the guide is partially heated into a half-molten state.
[0097] [89] The upsetting method for a cylindrical raw material as recited in any one of the aforementioned Items 85
to 88, wherein the processing scheduled portion of the raw material is expanded in a state in which the portion of the
processing scheduled portion of the raw material corresponding to the portion of the basal end side of the guide rather
than the tip end portion of the guide is partially cooled by a cooling means.
[0098] [90] A cylindrical upsetting manufactured product obtained by the upsetting method for a cylindrical raw material
as recited in any one of the aforementioned Items 80 to 89.
[0099] [91] An upsetting method for a cylindrical raw material, comprising:

filling hollow portions of a non-processing scheduled potion of an axial intermediate portion of the cylindrical raw
material and a processing scheduled portion of both axial end portions of the cylindrical raw material with pressure
fluid, to thereby pressurize and restrain internal peripheral surfaces of the processing scheduled portion and the
non-processing scheduled portion with the fluid pressure;
disposing the non-processing scheduled portion of the raw material in a restraining hole formed in a restraining die
and extended in an axial direction, to thereby restrain an external peripheral surface of the non-processing scheduled
portion with a peripheral surface of the restraining hole;
disposing both the processing scheduled portions of the raw material in molding dented portions formed at both
axial end portions of the restraining die;
disposing each processing scheduled portion of therawmaterial in an insertion hole formed in a guide and extended
in an axial direction;
then, moving each guide in a direction opposite to a moving direction of the punch while simultaneously pressurizing
each processing scheduled portion of the raw material with the punch in an axial direction to thereby outwardly
expand each processing scheduled portion of the raw material within the corresponding molding dented portion so
that a wall thickness of the raw material increases.

[0100] [92] The upsetting method for a cylindrical raw material as recited in the aforementioned Item 91, wherein each
guide is moved by driving force of a corresponding guide driving apparatus.
[0101] [93] The upsetting method for a cylindrical raw material as recited in the aforementioned Item 91 or 92, wherein,
in at least one of guides and a punch corresponding to the one of guides, "G" satisfies an equation of 

where
"P" denotes an average moving speed of the punch from the moving initiation thereof,
"G" denotes an average moving speed of the guide from the moving initiation thereof,
"X0" denotes a buckling limit length at a cross-sectional area of the processing scheduled portion of the raw material
before the upsetting,
"X" denotes an initial clearance between a tip end portion of the 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 expanded 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 design volume of the expanded portion,
"Xg" denotes a stop position of the tip end portion of the guide with respect to the bottom portion of the molding dented
portion defined by the design, and
"t0" denotes a time lag from the moving initiation of the punch to the moving initiation of the guide (0�t0).
[0102] [94] The upsetting method for a cylindrical raw material as recited in the aforementioned Item 91, wherein each
guide is moved by pressing-back force acting on the guide generated by press-fitting the material of the corresponding
processing scheduled portion of the rawmaterial into the molding dented portion.
[0103] [95] The upsetting method for a cylindrical raw material as recited in any one of the aforementioned Items 91
to 94, wherein the tip end portion of each punch is formed into a cross-sectional shape corresponding to a cross-sectional
shape of a corresponding axial end portion of the raw material.
[0104] [96] The upsetting method for a cylindrical raw material as recited in any one of the aforementioned Items 91
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to 95, wherein each processing scheduled portion of the raw material is expanded in a state in which the portion of each
processing scheduled portion of the raw material corresponding to the tip end portion of the guide is partially heated.
[0105] [97] The upsetting method for a cylindrical raw material as recited in the aforementioned Item 96, wherein the
portion of each processing scheduled portion of the raw material corresponding to the tip end portion of the guide is
partially induction-heated by an induction heating means.
[0106] [98] The upsetting method for a cylindrical raw material as recited in the aforementioned Item 96, wherein both
the axial end portions of the restraining die are partially induction-heated by induction heating means to thereby partially
heat the portion of each processing scheduled portion of the raw material corresponding to the tip end portion of the guide.
[0107] [99] The upsetting method for a cylindrical raw material as recited in any one of the aforementioned Items 96
to 98, wherein the portion of each processing scheduled portion of the raw material corresponding to the tip end portion
of the guide is partially heated into a half-molten state.
[0108] [100] The upsetting method for a cylindrical raw material as recited in any one of the aforementioned Items 96
to 99, wherein each processing scheduled portion of the raw material is expanded in a state in which the portion of each
processing scheduled portion of the raw material corresponding to the portion of the basal end side of the guide rather
than the tip end portion of the guide is partially cooled by a cooling means.
[0109] [101] A cylindrical upsetting manufactured product obtained by the upsetting method for a cylindrical raw
material as recited in any one of the aforementioned Items 91 to 100.
[0110] [102] An upsetting apparatus for a cylindrical raw material for outwardly expanding a processing scheduled
portion of the cylindrical raw material so that a wall thickness of the processing scheduled portion increases, the upsetting
apparatus, comprising:

a pressure fluid filling means configured to fill hollow portions of a processing scheduled portion and a non-processing
scheduled portion of the cylindrical raw material with pressure fluid;
a restraining die having a restraining hole extended in an axial direction, wherein the non-processing scheduled
portion of the raw material is to be disposed in the restraining hole;
a molding dented portion formed in an axial end portion of the restraining die;
a guide having an insertion hole extended in an axial direction, wherein the processing scheduled portion of the raw
material is to be disposed in the insertion hole; and
a punch for pressurizing the processing scheduled portion of the raw material in the axial direction,
wherein the guide is movable in a direction opposite to a moving direction of the punch.

[0111] [103] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 102, further
comprising a guide driving apparatus for moving the guide in a direction opposite to the moving direction of the punch.
[0112] [104] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 102 or 103,
wherein the tip end portion of the punch is formed into a cross-sectional shape corresponding to a cross-soctional shape
of an axial end portion of the raw material.
[0113] [105] The upsetting apparatus for a cylindrical raw material as recited in any one of the aforementioned Items
102 to 104, wherein chamfering work is given to the insertion hole opening edge portion of the tip end portion of the guide.
[0114] [106] The upsetting apparatus for a cylindrical raw material as recited in any one of the aforementioned Items
102 to 105, further comprising a heating means for partially heating the portion of the processing scheduled portion of
the raw material corresponding to the tip end portion of the guide.
[0115] [107] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 106, wherein
the heating means is an induction heating means configured to partially induction-heat the portion of the processing
scheduled portion of the raw material corresponding to the tip end portion of the guide.
[0116] [108] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 106, wherein
the heating means is an induction heating means configured to partially induction-heat the axial end portion of the
restraining die to thereby partially heat the portion of the processing scheduled portion of the raw material corresponding
to the tip end portion of the guide.
[0117] [109] The upsetting apparatus for a cylindrical raw material as recited in any one of the aforementioned Items
106 to 108, wherein the heating means is capable of partially heating the portion of the processing scheduled portion
of the raw material corresponding to the tip end portion of the guide into a half-molton state.
[0118] [110] The upsetting apparatus for a cylindrical raw material as recited in any one of the aforementioned Items
106 to 109, further comprising a cooling means configured to partially cool the portion of the processing scheduled
portion of the raw material corresponding to the portion of the basal end side of the guide rather than the tip end portion
of the guide.
[0119] [111] An upsetting apparatus for a cylindrical raw material for outwardly expanding processing scheduled
portions of both axial end portions of the cylindrical raw material so that a wall thickness of the processing scheduled
portion increases, the upsetting apparatus, comprising:



EP 1 844 875 A1

12

5

10

15

20

25

30

35

40

45

50

55

a pressure fluid filling means configured to fill hollow portions of a non-processing scheduled portion of an axial
intermediate portion of the cylindrical raw material and processing scheduled portions of both axial end portions of
the cylindrical raw material with pressure fluid;
a restraining die having a restraining hole extended in an axial direction, wherein the non-processing scheduled
portion of the raw material is to be disposed in the restraining hole;
two molding dented portions formed at both axial end portions of the restraining die;
two guides each having an insertion hole extended in an axial direction, wherein the processing scheduled portion
of the raw material is to be disposed in the insertion hole; and
two punches each for pressurizing the processing scheduled portion of the raw material in the axial direction,

wherein each guide is movable in a direction opposite to a moving direction of the punch.
[0120] [112] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 111, further
comprising two guide driving apparatuses each for moving the corresponding guide in a direction opposite to the moving
direction of the punch.
[0121] [113] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 111 or 112,
wherein the tip end portion of each punch is formed into a cross-sectional shape corresponding to a cross-sectional
shape of a corresponding axial end portion of the raw material.
[0122] [114] The upsetting apparatus for a cylindrical raw material as recited in any one of the aforementioned Items
111 to 113 , wherein chamfering work is given to the insertion hole opening edge portion of the tip end portion of each guide.
[0123] [115] The upsetting apparatus for a cylindrical raw material as recited in any one of the aforementioned Items
111 to 114, further comprising two heating means each for partially heating the portion of each processing scheduled
portion of the raw material corresponding to the tip end portion of the guide.
[0124] [116] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 115, wherein
each heating means is an induction heating means configured to partially induction-heat the portion of each processing
scheduled portion of the raw material corresponding to the tip end portion of the guide.
[0125] [117] The upsetting apparatus for a cylindrical raw material as recited in the aforementioned Item 115, wherein
each heating means is an induction heating means configured to partially induction-heat both the axial end portions of
the restraining die to thereby partially heat the portion of the processing scheduled portion of the raw material corre-
sponding to the tip end portion of the guide.
[0126] [118] The upsetting apparatus for a cylindrical raw material as recited in any one of the aforementioned Items
115 to 117, wherein each heating means is capable of partially heating the portion of the processing scheduled portion
of the raw material corresponding to the tip end portion of the guide into a half-molten state.
[0127] [119] The upsetting apparatus for a cylindrical raw material as recited in any one of the aforementioned Items
115 to 118, further comprising two cooling means each configured to partially cool the portion of each processing
scheduled portion of the raw material corresponding to the portion of the basal end side of the guide rather than the tip
end portion of the guide.

Effect of Invention

[0128] The present invention has the following effects.
[0129] According to the invention as recited in the aforementioned Item [1] , at the time of pressurizing the processing
scheduled portion of the raw material with the punch, the internal peripheral surfaces of the processing scheduled portion
and the non-processing scheduled portion of the raw material are restrained by the peripheral surface of the core bar
and the external peripheral surface of the non-processing scheduled portion is restrained by the peripheral surface of
the restraining hole of the restraining die. Therefore, the inward and outward buckling of the non-processing scheduled
portion of the raw material is prevented, and the inward buckling of the processing scheduled portion is prevented. And,
the processing scheduled portion of the raw material is disposed in the insertion hole of the guide and therefore the
external peripheral surface of the processing scheduled portion is restrained by the peripheral surface of the insertion
hole. This prevents the outward buckling of the processing scheduled portion. In this state, by moving the guide in a
direction opposite to the moving direction of the punch while pressurizing the processing scheduled portion of the raw
material with the punch in the axial direction, the processing scheduled portion of the raw material exposed between
the tip end portion of the guide and the bottom portion of the molding dented portion can be outwardly expanded assuredly
and preferably so that the wall thickness increases within the molding dented portion. Consequently, a high quality
cylindrical upsetting manufactured product can be obtained.
[0130] According to the invention as recited in the aforementioned Item [2], the guide can be moved assuredly.
[0131] According to the invention as recited in the aforementioned Item [3], the processing scheduled portion of the
raw material can be assuredly formed into a designed shape.
[0132] According to the invention as recited in the aforementioned Item [4], the guide can be moved without using a
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guide driving apparatus, resulting in simplification of the upsetting apparatus.
[0133] According to the invention as recited in the aforementioned Item [5], the processing scheduled portion of the
raw material can be assuredly pressurized with the punch.
[0134] According to the invention as recited in the aforementioned Item [6], the setting work for disposing the core bar
in the hollow portions of the processing scheduled portion and the non-processing scheduled portion of the raw material
and the setting work for disposing the punch at the axial end portion side of the raw material to pressurize the processing
scheduled portion of the raw material with the punch can be performed simultaneously, which can improve the upsetting
operation efficiency.
[0135] Furthermore, after completion of the processing, the pulling out work of the core bar for pulling out the core
bar from the hollow portions of the processing scheduled portion and the non-processing scheduled portion of the raw
material and the removal work of the punch for removing the punch from the position of the axial end portion of the raw
material can be done simultaneously, which can further improve the upsetting operation efficiency.
[0136] According to the invention as recited in the aforementioned Item [7], the defect that the position of the core bar
shifts in accordance with the movement of the punch or the expansion of the processing scheduled portion of the raw
material can be prevented assuredly.
[0137] According to the invention as recited in the aforementioned Item [8], only the deformation resistance of the
portion of the processing scheduled portion of the raw material corresponding to the tip end portion of the guide decreases
partially. Therefore, the molding pressure can be reduced.
[0138] On the other hand, since the portion of the processing scheduled portion of the raw material corresponding to
the portion of the basal end side of the guide rather than the tip end portion of the guide does not decrease in deformation
resistance, an increase in molding pressure produced when the end portion of the raw material is crushed in the insertion
hole of the guide by the pressure from the punch can be prevented.
[0139] According to the invention as recited in the aforementioned Item [9], the portion of the processing scheduled
portion of the raw material corresponding to the tip end portion of the guide can be heated assuredly and very efficiently.
[0140] According to the invention as recited in the aforementioned Item [10], the portion of the processing scheduled
portion of the raw material corresponding to the tip end portion of the guide can be heated assuredly and efficiently.
[0141] According to the invention as recited in the aforementioned Item [11], the molding pressure can be reduced
substantially.
[0142] According to the invention as recited in the aforementioned Item [12], it is possible to assuredly control that the
portion of the processing scheduled portion of the raw material corresponding to the portion of the basal end side of the
guide rather than the tip end portion of the guide is heated, which assuredly can prevent deterioration of the deformation
resistance of the portion of the raw material.
[0143] According to the invention as recited in the aforementioned Item [13], a high quality cylindrical upsetting man-
ufactured product with an expanded portion outwardly expanded at a prescribed axial portion so that the wall thickness
increases can be offered.
[0144] According to the invention as recited in the aforementioned Item [14], a cylindrical upsetting manufactured
product in which outwardly expanded portions are formed at axial both end portions so that the wall thickness increases
can be manufactured efficiently.
[0145] According to the invention as recited in the aforementioned Item [15], each guide can be moved assuredly.
[0146] According to the invention as recited in the aforementioned Item [16], the processing scheduled portion of the
raw material can be assuredly formed into a designed shape.
[0147] According to the invention as recited in the aforementioned Item [17], each guide can be moved without using
a guide driving apparatus, resulting in simplification of the upsetting apparatus.
[0148] According to the invention as recited in the aforementioned Item [18], each processing scheduled portion of
the raw material can be assuredly pressurized with the punch.
[0149] According to the invention as recited in the aforementioned Item [19], the setting work of the core bar halves
for disposing each core bar half in the hollow portions of the processing scheduled portion and the non-processing
scheduled portion of the raw material and the setting work of the punch for disposing each punch at both the axial end
portion sides of the raw material to pressurize the corresponding processing scheduled portion of the raw material with
each punch can be performed simultaneously, resulting in enhanced upsetting operation efficiency.
[0150] Furthermore, after completion of the processing, the pull out work of the core bar half for pulling out each core
bar half from the hollow portions of the processing scheduled portion and the non-processing scheduled portion of the
raw material and the removal work of the punch for removing each punch from the position of the axial end portion of
the raw material can be performed simultaneously, which can further improve the upsetting operation efficiency.
[0151] Furthermore, since the core bar is halved in length by being divided at the axial intermediate portion, the
insertion time of the core bar into the prescribed hollow portion can be shortened, which can further improve the upsetting
operation efficiency.
[0152] According to the invention as recited in the aforementioned Item [20], the defect that the position of the core
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bar half shifts in accordance with the movement of the punch or the expansion of the processing scheduled portion of
the raw material can be prevented assuredly.
[0153] According to the invention as recited in the aforementioned Item [21], the molding pressure can be reduced
for the same reasons as in the invention as recited in the aforementioned Item [8].
[0154] According to the invention as recited in the aforementioned Item [22], the portion of each processing scheduled
portion of the raw material corresponding to the tip end portion of the guide can be heated assuredly and very efficiently.
[0155] According to the invention as recited in the aforementioned Item [23], the portion of each processing scheduled
portion of the raw material corresponding to the tip end portion of the guide in can be heated assuredly and efficiently.
[0156] According to the invention as recited in the aforementioned Item [24], the molding pressure can be reduced
substantially.
[0157] According to the invention as recited in the aforementioned Item [25], it is possible to assuredly control that the
portion of each processing scheduled portion of the raw material corresponding to the portion of the basal end side of
the guide rather than the tip end portion of the guide is heated, which can assuredly prevent deterioration of the deformation
resistance of each portion of the raw material.
[0158] According to the invention as recited in the aforementioned Item [26], a high quality cylindrical upsetting man-
ufactured product in which expanded portions outwardly expanded so that the wall thickness increases are formed at
axial both end portions can be provided.
[0159] According to the invention as recited in the aforementioned Item [27], at the time of pressuring the processing
scheduled portion of the raw material with the punch, the internal peripheral surface of the non-processing scheduled
portion of the raw material is restrained by the peripheral surface of the core bar main body, and the external peripheral
surfaces of the processing scheduled portion and the non-processing scheduled portion are restrained by the peripheral
surface of the restraining hole of the restraining die. Therefore, the inward or outward buckling of the non-processing
scheduled portion of the raw material can be prevented, and the outward buckling of the processing scheduled portion
is prevented. Furthermore, the guide is disposed in the hollow portion of the processing scheduled portion of the raw
material to thereby restrain the internal peripheral surface of the processing scheduled portion by the peripheral surface
of the guide. With this , the inward buckling of the processing scheduled portion is prevented. With this state, by moving
the guide in a direction opposite to the moving direction of the punch while pressurizing the processing scheduled portion
of the raw material with the punch in the axial direction, the processing scheduled portion of the raw material exposed
between the tip end portion of the guide and the bottom portion of the molding dented portion can be assuredly and
preferably expanded inwardly in the molding dented portion so that the wall thickness increases. Consequently, a high
quality cylindrical upsetting manufactured product can be obtained.
[0160] According to the invention as recited in the aforementioned Item [28], the guide can be moved assuredly.
[0161] According to the invention as recited in the aforementioned Item [29], the processing scheduled portion of the
raw material can be assuredly formed in a designed shape.
[0162] According to the invention as recited in the aforementioned Item [30], the guide can be moved without using
a guide driving apparatus, resulting in simplification of upsetting apparatus.
[0163] According to the invention as recited in the aforementioned Item [31], the predetermined portion of the raw
material can be assuredly pressurized with the punch.
[0164] According to the invention as recited in the aforementioned Item [32], the setting work of the core bar for
disposing the core bar main body and the small diameter portion in the hollow portion of the non-processing scheduled
portion of the raw material and the hollow portion of the processing scheduled portion of the raw material, respectively,
and the setting work of the guide for disposing the guide in the hollow portion of the processing scheduled portion of the
raw material can be performed simultaneously, which can improve the upsetting operation efficiency.
[0165] According to the invention as recited in the aforementioned Item [33], the defect that the position of the core
bar shifts in accordance with the movement of the guide or the expansion of the processing scheduled portion of the
raw material can be prevented assuredly.
[0166] According to the invention as recited in the aforementioned Item [34], the molding pressure can be reduced
for the same reasons as in the invention as recited in the aforementioned Item [8].
[0167] According to the invention as recited in the aforementioned Item [35], the portion of the processing scheduled
portion of the raw material corresponding to the tip end portion of the guide can be heated assuredly and very efficiently.
[0168] According to the invention as recited in the aforementioned Item [36], the portion of the processing scheduled
portion of the raw material corresponding to the tip end portion of the guide can be heated assuredly and efficiently.
[0169] According to the invention as recited in the aforementioned Item [37], the molding pressure can be reduced
substantially.
[0170] According to the invention as recited in the aforementioned Item [38], it is possible to assuredly control that the
portion of each processing scheduled portion of the raw material corresponding to the portion of the basal end side of
the guide rather than the tip end portion of the guide is heated, which can assuredly prevent deterioration of the deformation
resistance of each portion of the raw material.
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[0171] According to the invention as recited in the aforementioned Item [39], a high quality cylindrical upsetting man-
ufactured product in which an inwardly expanded portion is formed at the prescribed portion so that the wall thickness
increases can be provided.
[0172] According to the invention as recited in the aforementioned Item [40] to [52], an upsetting apparatus for a
cylindrical raw material which can be suitably used for any one of the upsetting methods for a cylindrical raw material
according to the aforementioned Items [1] to [12] can be provided.
[0173] According to the invention as recited in the aforementioned Item [53] to [65], an upsetting apparatus for a
cylindrical raw material which can be suitably used for any one of the upsetting methods for a cylindrical raw material
according to the aforementioned Items [14] to [25] can be provided.
[0174] According to the invention as recited in the aforementioned Item [66] to [79], an upsetting apparatus for a
cylindrical raw material which can be suitably used for any one of the upsetting methods for a cylindrical raw material
according to the aforementioned Items [27] to [38] can be provided.
[0175] According to the invention as recited in the aforementioned Item [80], at the time of pressurizing the processing
scheduled portion of the raw material with the punch, the internal peripheral surfaces of the processing scheduled portion
and the non-processing scheduled portion of the raw material are restrained by the fluid pressure and the external
peripheral surface of the non-processing scheduled portion is restrained by the peripheral surface of the restraining hole
of the restraining die. Therefore, the inward and outward buckling of the non-processing scheduled portion of the raw
material is prevented, and the inward buckling of the processing scheduled portion is prevented. And, the processing
scheduled portion of the raw material is disposed in the insertion hole of the guide and therefore the external peripheral
surface of the processing scheduled portion is restrained by the peripheral surface of the insertion hole. This prevents
the outward buckling of the processing scheduled portion. In this state, by moving the guide in a direction opposite to
the moving direction of the punch while pressurizing the processing scheduled portion of the raw material with the punch
in the axial direction, the processing scheduled portion of the raw material exposed between the tip end portion of the
guide and the bottom portion of the molding dented portion can be outwardly expanded assuredly and preferably so that
the wall thickness increases within the molding dented portion. Consequently, a high quality cylindrical upsetting man-
ufactured product can be obtained.
[0176] Furthermore, since the hollow portions of the non-processing scheduled portion and the processing scheduled
portion of the raw material are filled not with a core bar but with pressure fluid, the frictional force acting on the processing
scheduled portion of the raw material at the time of the processing can be reduced. Therefore, the molding pressure
can be reduced substantially. Furthermore, there is an advantage that it is not required to pull out the core bar from the
hollow portion of the upsetting manufactured product after completion of the processing.
[0177] According to the invention as recited in the aforementioned Item [81], the guide can be moved assuredly.
[0178] According to the invention as recited in the aforementioned Item [82], the processing scheduled portion of the
raw material can be assuredly formed in a designed shape.
[0179] According to the invention as recited in the aforementioned Item [83], the guide can be moved without using
a guide driving apparatus, resulting in simplification of upsetting apparatus.
[0180] According to the invention as recited in the aforementioned Item [84], the processing scheduled portion of the
raw material can be assuredly pressurized with the punch.
[0181] According to the invention as recited in the aforementioned Item [85], only the portion of the processing sched-
uled portion of the raw material corresponding to the tip end portion of the guide partially decreases in deformation
resistance. Therefore, the molding pressure can be further reduced.
[0182] On the other hand, since the portion of the processing scheduled portions of the raw material corresponding
to the portion of the basal end side of the guide rather than the tip end portion of the guide is not heated, the portion
does not deteriorate in deformation resistance. Therefore, the defect that the end portion of the raw material is crushed
by the pressure from the punch into a defective shape can be prevented.
[0183] According to the invention as recited in the aforementioned Item [86], the portion of the processing scheduled
portion of the raw material corresponding to the tip end portion of the guide can be heated assuredly and very efficiently.
[0184] According to the invention as recited in the aforementioned Item [87], the portion of the processing scheduled
portion of the raw material corresponding to the tip end portion of the guide can be heated assuredly and efficiently.
[0185] According to the invention as recited in the aforementioned Item [88], the molding pressure can be reduced
substantially.
[0186] According to the invention as recited in the aforementioned Item [89], it is possible to assuredly control that the
portion of each processing scheduled portion of the raw material corresponding to the portion of the basal end side of
the guide rather than the tip end portion of the guide is heated, which can assuredly prevent deterioration of the deformation
resistance of each portion of the raw material.
[0187] According to the invention as recited in the aforementioned Item [90], a high quality cylindrical upsetting man-
ufactured product in which an outwardly expanded portion is formed at the prescribed portion so that the wall thickness
increases can be provided.
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[0188] According to the invention as recited in the aforementioned Item [91], a high quality cylindrical upsetting man-
ufactured product in which outwardly expanded portions are formed at both the axial end portions so that the wall
thickness increases can be provided.
[0189] According to the invention as recited in the aforementioned Item [92], each guide can be moved assuredly.
[0190] According to the invention as recited in the aforementioned Item [93], the processing scheduled portion of the
raw material can be assuredly formed into a designed shape.
[0191] According to the invention as recited in the aforementioned Item [94], the guide can be moved without using
a guide driving apparatus, resulting in simplification of upsetting apparatus.
[0192] According to the invention as recited in the aforementioned Item [95], each processing scheduled portion of
the raw material can be assuredly pressurized with the punch.
[0193] According to the invention as recited in the aforementioned Item [96], for the same reasons as in the invention
of the aforementioned Item [85], the molding pressure can be further reduced, and the defect that each end portion of
the raw material is crushed by the pressure from the punch into a defective shape can be prevented.
[0194] According to the invention as recited in the aforementioned Item [97], the portion of each processing scheduled
portion of the raw material corresponding to the tip end portion of the guide can be heated assuredly and very efficiently.
[0195] According to the invention as recited in the aforementioned Item [98], the portion each processing scheduled
portion of the raw material corresponding to the tip end portion of the guide can be heated assuredly and efficiently.
[0196] According to the invention as recited in the aforementioned Item [99], the molding pressure can be reduced
substantially.
[0197] According to the invention as recited in the aforementioned Item [100], it is possible to assuredly control that
the portion of each processing scheduled portion of the raw material corresponding to the portion of the basal end side
of the guide rather than the tip end portion of the guide is heated, which can assuredly prevent deterioration of the
deformation resistance of each portion of the raw material.
[0198] According to the invention as recited in the aforementioned Item [101], a high quality cylindrical upsetting
manufactured product in which outwardly expanded portions are formed at axial both end portions so that the wall
thickness increases can be provided.
[0199] According to the invention as recited in the aforementioned Item [102] to [110], an upsetting apparatus for a
cylindrical raw material which can be suitably used for any one of the upsetting methods for a cylindrical raw material
according to the aforementioned Items [80] to [89] can be provided.
[0200] According to the invention as recited in the aforementioned Item [111] to [119], an upsetting apparatus for a
cylindrical raw material which can be suitably used for any one of the upsetting methods for a cylindrical raw material
according to the aforementioned Items [91] to [100] can be provided.

Brief Description of Drawings

[0201]

Fig. 1 is a schematic vertical cross-sectional perspective view showing a principal portion of an upsetting apparatus
according to the first embodiment of the present invention.
Fig. 2 is a vertical cross-sectional view of the upsetting apparatus showing the state in which a core bar and a punch
are being set to prescribed positions.
Fig. 3 is a vertical cross-sectional view of the upsetting apparatus showing the state before processing the processing
scheduled portion of the raw material with the upsetting apparatus.
Fig. 4 is a vertical cross-sectional view of the upsetting apparatus showing the state in which the processing scheduled
portion of the raw material is being processed with the upsetting apparatus.
Fig. 5 is a vertical cross-sectional view of the upsetting apparatus showing the state after processing the processing
scheduled portion of the raw material with the upsetting apparatus.
Fig. 6 is a perspective view of the upsetting manufactured product obtained by the upsetting apparatus.
Fig. 7 is a schematic cross-sectional perspective view of the principal portion of the upsetting apparatus according
to the second embodiment of the present invention.
Fig. 8 is a vertical cross-sectional view of the upsetting apparatus showing the state before processing the processing
scheduled portion of the raw material by the upsetting apparatus.
Fig. 9 is a vertical cross-sectional view of the upsetting apparatus showing the state in which the processing scheduled
portion of the raw material is being processed with the upsetting apparatus.
Fig. 10 is a vertical cross-sectional view of the upsetting apparatus showing the state after processing the processing
scheduled portion of the raw material with the upsetting apparatus.
Fig. 11 is a perspective view of the upsetting manufactured product obtained by the upsetting apparatus.
Fig. 12 is a vertical cross-sectional view of the upsetting apparatus showing the state before processing the processing
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scheduled portion of the raw material with the upsetting apparatus according to the third embodiment of the present
invention.
Fig. 13 is a vertical cross-sectional view of the upsetting apparatus showing the state in which the processing
scheduled portion of the raw material is being processed with the upsetting apparatus.
Fig. 14 is a vertical cross-sectional view of the upsetting apparatus showing the state after processing the processing
scheduled portion of the raw material with the upsetting apparatus.
Fig. 15 is a vertical cross-sectional view of the upsetting apparatus showing a modification of the first embodiment
of the upsetting apparatus.
Fig. 16 is a vertical cross-sectional view of an upsetting apparatus showing another modification of the upsetting
apparatus of the third embodiment.
Fig. 17 is a vertical cross-sectional view of the upsetting apparatus showing the state before processing the processing
scheduled portion of the raw material with the upsetting apparatus according to the fourth embodiment of the present
invention.
Fig. 18 is a vertical cross-sectional view of the upsetting apparatus showing the state in which the processing
scheduled portion of the raw material is being processed with the upsetting apparatus.
Fig. 19 is a vertical cross-sectional view of this upsetting apparatus showing the state after processing the working
predetermined portion of the raw material with the upsetting apparatus.
Fig. 20 is a vertical cross-sectional view of the upsetting apparatus showing the state before processing the processing
scheduled portion of the raw material with the upsetting apparatus according to the fifth embodiment of the present
invention.
Fig. 21 is a vertical cross-sectional view of the upsetting apparatus showing the state in which the processing
scheduled portion of the raw material is being processed with the upsetting apparatus.
Fig. 22 is a vertical cross-sectional view of the upsetting apparatus showing the state after processing the processing
scheduled portion of the raw material with the upsetting apparatus.
Fig. 23 is a vertical cross-sectional view of the upsetting apparatus showing the state before processing the processing
scheduled portion of the raw material with he upsetting apparatus according to the sixth embodiment of the present
invention.
Fig. 24 is a vertical cross-sectional view of the upsetting apparatus showing the state in which the processing
scheduled portion of the raw material is being processed with the upsetting apparatus.
Fig. 25 is a vertical cross-sectional view of the upsetting apparatus showing the state after processing the processing
scheduled portion of the raw material with the upsetting apparatus.

Description of the Reference Numerals

[0202]

1A, 1B, 1C Upsetting apparatus
1 Raw material
2 Processing scheduled portion

2a Hollow portion
3 Non-processing scheduled portion

3a Hollow portion
4 Expanded portion
5 Shank portion
6A, 6B, 6C Upsetting manufactured product
10 Restraining die
11 Restraining hole
12 Molding dented portion

12a Bottom portion
20 Guide

20a Tip end portion
21 Insertion hole

21a Chamfered portion
25 Moving direction of guide
30 Punch
35 Moving direction of punch
40 Core bar
40a Core bar half
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41 Core bar main body
42 Small diameter portion
50 Extensible device
51 Fluid pressure cylinder
52 Spring
60 Guide driving apparatus
70 Punch driving apparatus
80 Heating means
81 Induction heating means

81a Induction heating coil
85 Cooling means

85a Cooling fluid passage
90 Pressure fluid filling means

91 Pressure fluid supplying passage
92 Pressure fluid supplying portion
95 Pressure fluid

Detailed Description of the Preferred Embodiments

[0203] Next, some embodiments of the present invention will be explained below with reference to the drawings.
[0204] Figs. 1 to 6 are schematic views for explaining an upsetting method using an upsetting apparatus of a cylindrical
raw material according to a first embodiment of the present invention.
[0205] In Fig. 1, "1A" denotes an upsetting apparatus according to the first embodiment, and "1" denotes a cylindrical
raw material. Furthermore, in Fig. 6, "6A" denotes a cylindrical upsetting manufactured product manufactured by the
upsetting apparatus 1A. This upsetting manufactured product 6A is used as, for example, a preform for manufacturing
a part of a cylindrical color component to be mounted at the central portion of a bush (e.g., vibration reduction bush) for
vehicles, such as, e.g., automobiles or railroad vehicles, a preform for manufacturing a part of a shank member of an
arm for vehicles, or a preform for manufacturing a component in which a screw hole is to be formed at the end portion
of a cylindrical shank portion. In addition, "5" denotes a shank portion of the upsetting manufactured product 6A constituted
by the non-processing scheduled portion 3 of the raw material 1, and "4" denotes an expanded portion formed at the
end portion of the shank portion 5. This expanded portion 4 is expanded in the wall thickness outwardly of the raw
material 1 (i.e., in the radially outward direction of the raw material 1).
[0206] As shown in Figs. 1 and 2, the raw material 1 is a straight cylindrical member, in detail, a straight round pipe
made of, e.g., aluminum (including its alloy, hereinafter simply referred to as "aluminum"). The raw material 1 is round
in cross-section, and the internal diameter, the external diameter, and the wall thickness of the raw material 1 are constant
in the axial direction, respectively. Moreover, the raw material 1 is made of, e.g., an extruded material.
[0207] In the meantime, in the present invention, the material of the raw material 1 is not limited to aluminum, but can
be metal, such as, e.g., brass, copper, or stainless steel, or plastic.
[0208] The processing scheduled portion 2 of the raw material 1 is located at one end portion of the axial end portions
of the raw material 1, or at one axial end portion of the raw material 1. In other words, the axial one end portion of the
raw material 1 corresponds to the processing scheduled portion 2. On the other hand, the non-processing scheduled
portion 3 of this raw material 1 is located at the axial other end portion of the raw material 1. In other words, the axial
other end portion of the raw material 1 corresponds to the non-processing scheduled portion 3. By processing the
processing scheduled portion 2 of the raw material 1 to increase the wall thickness into a designed shape, as shown in
Fig. 5, an outwardly expanded portion 4 increased in wall thickness is formed at one end portion of the raw material 1
(the shank portion 5).
[0209] The upsetting apparatus 1A is configured to expand the processing scheduled portion 2 of the raw material 1
so as to increase the wall thickness thereof. This upsetting apparatus 1A is equipped with a core bar 40, a restraining
die 10, a molding dented portion 12, a guide 20, a punch 30, a guide driving apparatus 60, and a punch driving apparatus
70.
[0210] The core bar 40 is a straight bar-shaped member circular in cross-section to be inserted into the hollow portions
2a and 3a of the processing scheduled portion 2 and the non-processing scheduled portion 3 of the raw material 1 to
thereby restrain the internal peripheral surfaces of the processing scheduled portion 2 and the non-processing scheduled
portion 3 with the peripheral surface of the core bar 40 in a buckling preventing state. The core bar 40 is set to be constant
in diameter in the axial direction.
[0211] The restraining die 10 has a restraining hole 11 round in cross-section extended in the axial direction. This
restraining hole 11 is configured to hold the non-processing scheduled portion 3 of the raw material 1 inserted therein
to restrain the external peripheral surface of this non-processing scheduled portion 3 with the peripheral surface of the
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restraining hole 11 in the buckling preventing state.
[0212] "15" denotes a bottom portion of the restraining die 10. This bottom portion 15 closes the bottom of the restraining
die so that the non-processing scheduled portion 3 of the raw material 1 disposed in the restraining hole 11 is unexpectedly
extruded through the opening of the bottom of the restraining hole 11.
[0213] The restraining die 10 is longitudinally divided into a plurality of pieces (e.g., two pieces). That is, it is a split mold.
[0214] The molding dented portion 12 is, as shown in Fig. 2, formed at the axial one end portion of the restraining die
10 continuously from the restraining hole 11. That is, this molding dented portion 12 is formed by forming an annular
dented portion in the peripheral surface of the axial one end portion of the restraining hole 11 of the restraining die 10.
[0215] The guide 20 has an insertion hole 21 round in cross-section extended in the axial direction. This insertion hole
21 is configured to hold the processing scheduled portion 2 of the raw material 1 inserted therein so as to allow the axial
movement in a buckling preventing state. This insertion hole 21 penetrates the guide 20 in the axial direction thereof.
[0216] The guide 20 is movable in a direction 25 opposite to the moving direction 35 of the punch (see Fig. 4).
[0217] Moreover, the opening edge portion of the insertion hole 21 of the tip end portion 20a of the guide 20 is
chamfered, and therefore the edge portion is formed into a round cross-sectional shape. "21a" denotes a chamfered
portion formed at the edge portion.
[0218] The punch 30 is for axially pressurizing the processing scheduled portion 2 of the raw material 1. The tip end
portion of this punch 30 is formed into a cross-sectional shape corresponding to the cross-sectional shape of the axial
end portion (i.e., processing scheduled portion 2) of the raw material 1, i.e., the tip end portion of the punch 30 is cylindrical
in cross-section.
[0219] Furthermore, a hollow portion extended in the axial direction is formed in the punch 30, and an extensible
device 50 extensible in the axial direction is disposed in this hollow portion. And, as shown in Fig. 2, the core bar 40 is
connected to the punch 30 via the extensible device 50 so as to extend in the axial direction of the punch 30.
[0220] In this embodiment, the extensible device 50 is a fluid pressure cylinder 51 operated by fluid pressure, such
as, e.g., hydraulic pressure or gas pressure. At the tip end portion of the extensible rod 51a of this fluid pressure cylinder
51, the core bar 40 is fixed.
[0221] The punch driving apparatus 70 is for moving the punch 30 in the axial direction of the raw material 1 to give
a pressure for pressurizing the processing scheduled portion 2 of the raw material 1 to the punch 30. This punch driving
apparatus 70 is connected to the punch 30 to give driving force to the punch 30 by fluid pressure (hydraulic pressure,
gas pressure, etc.) This punch driving apparatus 70 does not require a speed controller since it is possible to make the
speed of a punch constant when the target shape (designed shape) is determined. However, by employing a pressurizing
speed controller, it becomes possible to arbitrarily control the upset shape (shape of expanded portion).
[0222] The guide driving apparatus 60 is for moving the guide 20 in a direction opposite 25 to the moving direction 35
(i.e., the pressure direction to the raw material processing scheduled 2 with the punch 30) (see Fig. 4). This guide driving
apparatus 60 is connected to the guide 20 to give driving force to the guide 20 with, e.g., fluid pressure (hydraulic
pressure, gas pressure), an electric motor, a spring. This guide driving apparatus 60 does not require a speed controller
since it is possible to make the speed of the guide constant when the target shape (designed shape) is determined.
However, by employing a speed controller, it becomes possible to control the upset shape (shape of expanded portion).
[0223] Next, an upsetting method using the aforementioned upsetting apparatus 1A of the first embodiment will be
explained below.
[0224] First, as shown in Fig. 2, the non-processing scheduled portion 3 of the raw material 1 is inserted in the
restraining hole 11 of the restraining die 10. With this, the processing scheduled portion 2 of the raw material 1 is placed
in the molding dented portion 12 of the restraining die 10. In this state, the external peripheral surface of the non-
processing scheduled portion 3 of the raw material 1 is restrained by the peripheral surface of the restraining hole 11.
[0225] Subsequently, in a state in which the core bar 40 is connected to the punch 30 via the fluid pressure cylinder
51 as the extensible device 50, the core bar 40 is inserted into the hollow portions 2a and 3a of the processing scheduled
portion 2 and the non-processing scheduled portion 3 of the raw material 1 [Setting work of the core bar 40]. Through
this operation, as shown in Figs. 1 and 3, the punch 30 is placed at the initial position located at the axial end portion
side of the raw material 1 [Setting work of the punch 30]. In this state, the internal peripheral surfaces of the processing
scheduled portion 2 and the non-processing scheduled portion 3 of the raw material 1 are restrained by the peripheral
surface of the core bar 40.
[0226] Furthermore, the processing scheduled portion 2 of the raw material 1 is inserted in the insertion hole 21 of
the guide 20. With this, the external peripheral surface of the processing scheduled portion 2 of the raw material 1 is
restrained by the peripheral surface of the insertion hole 21 of the guide 20.
[0227] Furthermore, as shown in Fig. 3, an initial clearance X is set between the tip end portion 20a of the guide 20
and the bottom portion 12a of the molding dented portion 12. In the state before initiating the movement of the punch
30 (i.e., pressurization to the raw material processing scheduled portion 2 with the punch 30), 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 exposed portion of the processing scheduled portion 2 of the raw material 1 exposed
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between the tip end portion 20a of the guide 20 and the bottom portion 12a of the molding dented portion 12. In the
present invention, the buckling limit length denotes a buckling limit length at the punch pressurizing force.
[0228] Subsequently, as shown in Fig. 4, while axially pressurizing the processing scheduled portion 2 of the raw
material 1 with the punch 30 by moving the punch by operating the punch driving apparatus 70, the guide 20 is moved
in a direction 25 opposite to the moving direction 35 of the punch 30 by operating the guide driving apparatus 60. With
this, the processing scheduled portion 2 of the raw material 1 exposed between the tip end portion 20a of the guide 20
and the bottom portion 12a of the molding dented portion 12 is outwardly expanded so that the wall thickness increases
within the molding dented portion 12. Furthermore, the rod 51a of the fluid pressure cylinder 51 is retracted in accordance
with the movement of the punch 30 to prevent the axial displacement of the core bar 40.
[0229] Here, it is preferable to set a time lag to between the moving initiation of the punch 30 and the moving initiation
of the guide 20. That is, in the case of initiating the pressurization of the processing scheduled portion 2 of the raw
material 1 with the punch 30, the position of the guide 20 is fixed to the initial position, and then the processing scheduled
portion 2 of the raw material 1 is axially pressurized with the punch 30 by moving the punch 30. After the lapse of the
time lag t0, while continuously pressurizing the processing scheduled portion 2 of the raw material 1 with the punch 30,
the guide 20 is moved in a direction 25 opposite to the moving direction 35 of the punch 30. At this time, the traveling
speed of the guide 20 is controlled by the controller of the guide driving apparatus 60 so as not to exceed the buckling
limit length at the cross-sectional area of the exposed portion of the processing scheduled portion 2 of the raw material
1 exposed between the tip end portion 20a of the guide 20 and the bottom portion 12a of the molding dented portion
12. Moreover, when the processing conditions are determined, a cylinder or a machine cam of a designed constant
speed can be used.
[0230] With the movements of the punch 30 and the guide 20, the processing scheduled portion 2 of the raw material
1 is gradually outwardly expanded so that the wall thickness increases within the molding dented portion 12, and the
material of the processing scheduled portion 2 is gradually filled in the molding dented portion 12 under pressure.
[0231] As shown in Fig. 5, when the tip end portion of the punch 30 has reached the stop position XP corresponding
to the bottom portion 12a of the molding dented portion 12 obtained from the design volume of the expanded portion 4,
the movement of the punch 30 is terminated. When the tip end portion 20a of the guide 20 has reached the stop position
Xg corresponding to the bottom portion 12a of the molding dented portion 12 defined by the tip end portion 20a of the
guide 20, the movement of the guide 20 is terminated. At this time, the material of the processing scheduled portion 2
of the raw material 1 has been completely filled in the molding dented portion 12, and the processing scheduled portion
2 has been expanded into the designed shape.
[0232] Through the aforementioned procedures, the wall thickening processing for the processing scheduled portion
2 of the raw material 1 is completed.
[0233] Next, in order to pull the core bar 40 out of the hollow portions 2a and 3a of the processing scheduled portion
2 and the non-processing scheduled portion 3 of the raw material 1, the punch 30 is moved in the axially outward direction
of the raw material 1 from the position of the axial end portion of the raw material 1. Thus, the punch 30 is removed from
the position of the axial end portion of the raw material 1, and the core bar 40 is pulled out [Pulling out work of the core
bar 40 and removal work of the punch 30]. Then, the upsetting manufactured product 6A is pulled out of the restraining
hole 11 of the restraining die 10.
[0234] In the first embodiment, the stop position XP of the tip end portion of the punch 30 with respect to the bottom
portion 12a of the molding dented portion 12 and the stop position Xg of the tip end portion 20a of the guide 20 with
respect to the bottom portion 12a of the molding dented portion 12 coincide with each other. However, in the present
invention, it is not always required that XP and Xg coincide with each other.
[0235] Thus, in the aforementioned upsetting method of the first embodiment, in pressurizing the processing scheduled
portion 2 of the raw material 1 with the punch 30, the internal peripheral surfaces of the processing scheduled portion
2 and the non-processing scheduled portion 3 of the raw material 1 are restrained by the peripheral surface of the core
bar 40, and the external peripheral surface of the non-processing scheduled portion 3 is restrained by the peripheral
surface of the restraining hole 11 of the restraining die 10. Therefore, inward and outward buckling of the non-processing
scheduled portion 3 of the raw material 1 is prevented, and the inward buckling of the processing scheduled portion 2
is prevented. Furthermore, the processing scheduled portion 2 of the raw material 1 is placed in the insertion hole 21 of
the guide 20, so that the external peripheral surface of the processing scheduled portion 2 is restrained by the peripheral
surface of the insertion hole 21. With this, the outward buckling of the processing scheduled portion 2 is prevented. In
this state, by moving the guide 20 in a direction 25 opposite to the moving direction 35 of the punch 30 while axially
pressurizing the processing scheduled portion 2 of the raw material 1 with the punch 30, the processing scheduled
portion 2 of the raw material 1 exposed between the tip end portion 20a of the guide 20 and the bottom portion 12a of
the molding dented portion 12 is outwardly expanded assuredly and favorably so that the wall thickness is increased
within the molding dented portion 12. Consequently, a high quality cylindrical upsetting manufactured product 6A can
be obtained.
[0236] As mentioned above, this upsetting manufactured product 6A is used as, e.g., a preform for manufacturing a
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part of a color member for bushes, a preform for manufacturing a part of a shank member of an arm for vehicles, or a
preform for manufacturing a member in which a screw hole is formed at an end portion of a cylindrical shank portion.
Furthermore, this upsetting manufactured product 6A is used as a member in which another member is to be integrally
secured to an end portion of a cylindrical shank portion by a friction stir welding, i.e., a joint member for a friction stir
welding. Concretely, it can be used as a preform for manufacturing the aforementioned shank portion of an arm for
vehicles.
[0237] In order to obtain a cylindrical upsetting manufactured product in which an expanded portion 4 is outwardly
expanded so that the wall thickness increases at prescribed portion, conventionally, the processing was usually performed
by a hydroform method or a hot bulge method, which required an expensive and large-scale facility. Moreover, the
hydroform method and the hot bulge method were mainly used as a processing method for obtaining a large product.
As processing for obtaining a small product, machining, such as, e.g., cutting, was conventionally used. According to
the upsetting method of the aforementioned embodiment, since no large molding pressure is not required at the time of
the processing, the processing apparatus can be simplified.
Furthermore, it also becomes possible to remarkably improve the tact time as compared with a conventional method in
cases where the punch 30 and the guide 20 are combined with a high-speed hydraulic cylinder or a machine cam into
a die set and this die set is installed in a mechanical press machine. Furthermore, the yield can be significantly improved
as compared with machining, which in turn can attain a large cost cut effect.
[0238] Furthermore, in this embodiment, since the guide 20 is moved by the driving force of the guide driving apparatus
60 , the guide 20 can be moved assuredly.
[0239] Furthermore, since the tip end portion of the punch 30 is formed into a cross-sectional shape corresponding
to the cross-sectional shape of the axial end portion of the raw material 1, the processing scheduled portion 2 of the raw
material 1 can be assuredly pressurized with the punch 30.
[0240] Furthermore, since the core bar 40 is connected to the punch 30 so as to extend in the axial direction of the
punch 30, the setting work of the core bar 40 for placing the core bar 40 into the hollow portions 2a and 3a of the
processing scheduled portion 2 and the non-processing scheduled portion 3 of the raw material 1, and the setting work
of the punch 30 for placing the punch 30 to the axial end portion side of the raw material 1 in order to pressurize the
processing scheduled portion 2 of the raw material 1 with the punch 30, can be performed simultaneously, resulting in
an improved operation efficiency of the upsetting.
[0241] Furthermore, after completion of the processing, a pull-out work of the core bar 40 for pulling out the core bar
40 from the hollow portion 2a and 3a of the processing scheduled portion 2 and the non-processing scheduled portion
3 of the raw material 1 and the removal work of the punch 30 for removing the punch 30 from the position of the axial
end portion of the raw material 1, can be performed simultaneously, resulting in further improved operation efficiency of
the upsetting.
[0242] Furthermore, since the core bar 40 is connected to the punch 30 via the extensible device 50 which can be
extended and contracted in the axial direction and the extensible device 50 is contracted with the movement of the punch
30, a problem that the position of the core bar 40 shifts in accordance with the movement of the punch 30 or the expansion
of the processing scheduled portion 2 of the raw material 1 can be prevented assuredly.
[0243] Furthermore, since the fluid pressure cylinder 51 is used as the extensible device 50, such fault can be prevented
assuredly.
[0244] Furthermore, since the chamfering work (the chamfered portion 21a) is given to the insertion hole opening
edge portion of the tip end portion 20a of the guide 20, the back pressure of the material of the processing scheduled
portion 2 of the raw material 1 effectively acts on the tip end portion 20a of the guide 20 at the time of the processing.
Consequently, the driving force of the guide driving apparatus 60 for moving the guide 20 can be decreased, which
makes it possible to miniaturize the guide driving apparatus 60.
[0245] Next, preferable processing conditions for the upsetting method of this embodiment will be explained below.
[0246] Hereinafter,
"P" denotes an average moving speed of the punch 30 from the moving initiation thereof,
"G" denotes an average moving speed of the guide 20 from the moving initiation thereof,
"X0" denotes a buckling limit length at the cross-sectional area of the processing scheduled portion 2 of the raw material
1 before the upsetting,
"X" denotes an initial clearance between the tip end portion 20a of the guide 20 and the bottom portion 12a of the molding
dented portion 12 (0�X�X0),
"L0" denotes the length of the raw material 1 before the upsetting required for the expanded portion 4,
"XP" denotes the stop position of the tip end portion of the punch 30 with respect to the bottom portion 12a of the molding
dented portion 12 obtained from the design volume of the expanded portion 4,
"Xg" denotes the stop position of the tip end portion 20a of the guide 20 with respect to the bottom portion 12a of the
molding dented portion 12 defined by the design, and
"t0" denotes the time lag from the moving initiation of the punch 30 to the moving initiation of the guide 20 (0�t0).
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[0247] In this upsetting method, it is preferable that "G" satisfies the following expression (i).
[0248]

[0249] When G satisfies the aforementioned equation (i), the processing scheduled portion 2 of the raw material 1
can be assuredly formed into the designed shape.
[0250] The reasons for setting aforementioned equation (i) about G will be explained below.
[0251] If "t" denotes a time (i.e., upsetting time) from the moving initiation of the punch 30 to the upsetting completion,
the distance between the tip end portions of punch 30 and the bottom portion 12a of the molding dented portion 12 at
the time t of the upsetting completion, i.e., the position XP of the tip end portion of punch 30 with respect to the bottom
portion 12a of the molding dented portion 12, can be given by the following equation (i-a).
[0252]

[0253] And, the distance between the tip end portion 20a of the guide 20 and the bottom portion 12a of the molding
dented portion 12 at the time t of the upsetting completion, i.e., the position XP of the tip end portion 20a of the guide
20 with respect to the bottom portion 12a of the molding dented portion 12 is given by the following equation (i-c).
[0254]

[0255] The equation (i) can be derived by substituting the equation (i-b) for the equation (i-c), and arranging about G.
[0256] Here, in the first embodiment, at the time of the upsetting, the guide 20 is moved by the driving force of the
guide driving apparatus 60. However, in the present invention, it is not required that the guide 20 is moved by such
driving force. That is, in the present invention, the guide 20 can be moved by the pressing-back force acting on the guide
20 by pressing the material of the processing scheduled portion 2 of the raw material 1 into the molding dented portion
12. In this case, the guide 20 can be moved without using the guide driving apparatus 60, which in turn can simplify the
setting apparatus 1A.
[0257] Figs. 7 to 11 are schematic views for explaining an upsetting method using an upsetting apparatus for a
cylindrical raw material according to a second embodiment of the present invention.
[0258] In Fig. 7, "1B" denotes an upsetting apparatus according to the second embodiment, and "1" denotes a cylindrical
raw material. In Fig. 11, "6B" denotes a cylindrical upsetting manufactured product manufactured by the upsetting
apparatus 1B. This upsetting manufactured product 1B can be used as, e.g., a preform for manufacturing a cylindrical
color member to be mounted in the center portion of a bush for automobiles, a preform for manufacturing a shank
member of an arm for vehicles, or a preform for manufacturing a member in which a screw hole is formed at both end
portions of a cylindrical shank portion. Furthermore, this upsetting manufactured product can be used as a member in
which another member is to be integrally secured to an end portion of a cylindrical shank portion by a friction stir welding,
i.e., a joint member for a friction stir welding. In other words, this upsetting apparatus 1B can be, for example, an
manufacturing apparatus of a preform for bush color members, a manufacturing apparatus of a preform for a shank
portion member for vehicle arms, or a manufacturing apparatus of a joining member for friction stir welding. In addition,
"5" denotes a shank portion of the upsetting manufactured product 6B made of the non-processing scheduled portion
3 of the raw material 1, "4" denotes an expanded portion formed at each of both end portions of the shank portion 5.
Each of the expanded portion 4 is expanded so that the wall thickness of the raw material 1 increases outwardly.
[0259] The structure of the upsetting apparatus 1B of this second embodiment will be explained below focusing on
the differences with that of the first embodiment 1A.
[0260] As shown in Figs. 7 and 8, this raw material 1 is a straight cylindrical member, in detail, a straight round pipe,
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like the raw material of the first embodiment.
[0261] In this raw material 1 , the axial intermediate portion of the raw material 1 corresponds to the non-processing
scheduled portion 3, and the axial both side portions of the raw material 1, i.e., the axial both end portions of the raw
material 1 , correspond to the processing scheduled portions 2 and 2, respectively. By executing the wall thickening
processing of each processing scheduled portion 2 and 2 of the raw material 1 into a designed shape, expanded portions
4 and 4 outwardly expanded so that the wall thickness increases are formed at both end portions of the raw material 1
(shank portion 5).
[0262] The upsetting apparatus 1B is for outwardly expanding the processing scheduled portion 2 and 2 of the axial
both end portions of the raw material 1 so that the wall thickness increases. This upsetting apparatus 1B is equipped
with a core bar 40, a restraining die 10, two molding dented portion 12 and 12, two guides 20 and 20, two punches 30
and 30, two guide driving apparatuses 60 and 60, and two punch driving apparatuses 70 and 70.
[0263] The core bar 40 is a straight bar-shaped member round in cross-section, and is inserted in the hollow portions
2a, 2a and 3a of both processing scheduled portions 2 and 2 and the non-processing scheduled portion 3 of the raw
material 1 to restrain the internal peripheral surfaces of both the processing scheduled portion 2 and 2 and the non-
processing scheduled portion 3 in a buckling preventing state by the peripheral surface of the core bar 40. The core bar
40 is set to be constant in diameter in the axial direction.
[0264] Furthermore, this core bar 40 is evenly divided into two pieces at the axial intermediate portion, i. e. , it is
constituted by two pieces of core bar halves 40a and 40a. These two core bar halves 40a and 40a are the same in length.
[0265] The restraining die 10 has a restraining hole 11 extended in the axial direction thereof. The non-processing
scheduled portion 3 of the raw material 1 is inserted into the restraining hole 11, and the external peripheral surface of
the non-processing scheduled portion 3 is restrained by the peripheral surface of the restraining hole 11 in a buckling
preventing state. This restraining hole 11 is formed in the restraining die 10 in the axial penetrated manner.
[0266] Each molding dented portion 12 is formed at the axial both side portions (in detail, both end portions) of the
restraining die 10 continuously from the corresponding restraining hole 11.
[0267] Each guide 20 has an insertion hole 21 extended in the axial direction of the guide. The corresponding processing
scheduled portion 2 of the raw material 1 is inserted in each of this insertion hole 21 so that the corresponding processing
scheduled portion 2 is movably held in the insertion hole 21 in a buckling preventing state. Each insertion hole 21
penetrates the guide 20 in the axial direction thereof.
[0268] Each guide 20 is movable in a direction 25 opposite to the moving direction 35 of the punch.
[0269] Moreover, the opening edge portion of the insertion hole 21 of the tip end portion 20a of each guide 20 is
chamfered, and therefore the edge portion is formed into a round cross-sectional shape. "21a" denotes a chamfered
portion formed at the edge portion.
[0270] Each punch 30 is for axially pressurizing the corresponding processing scheduled portion 2 of the raw material 1.
[0271] Furthermore, a hollow portion extended in the axial direction is formed in each punch 30, and an extensible
device 50 extensible in the axial direction is disposed in this hollow portion. And, the corresponding core bar half 40a is
connected to each punch 30 via the extensible device 50 so as to extend in the axial direction of the punch 30.
[0272] The extensible device 50 is a fluid pressure cylinder 51. At the tip end portion of the extensible rod 51a of this
fluid pressure cylinder 51, the core bar half 40a is fixed.
[0273] Each punch driving apparatus 70 is for moving each punch 30 in the axial direction of the raw material 1 to
give a pressure for pressurizing the corresponding processing scheduled portion 2 of the raw material 1 to the punch
30. Each punch driving apparatus 70 is connected to the corresponding punch 30.
[0274] Each guide driving apparatus 60 is for moving each guide 20 in a direction opposite 25 to the corresponding
moving direction 35. Each guide driving apparatus 60 is connected to the corresponding guide 20.
[0275] Next, an upsetting method using the aforementioned upsetting apparatus 1B of the second embodiment will
be explained below.
[0276] First, as shown in Figs. 7 and 8, the non-processing scheduled portion 3 of the raw material 1 is inserted in the
restraining hole 11 of the restraining die 10. With this, each processing scheduled portion 2 of the raw material 1 is
placed in the molding dented portion 12 of the restraining die 10. In this state, the external peripheral surface of the non-
processing scheduled portion 3 of the raw material 1 is restrained by the peripheral surface of the restraining hole 11.
[0277] Subsequently, in a state in which the core bar half 40a is connected to each punch 30 via the fluid pressure
cylinder 51 as the extensible device 50, one of the core bar halves 40a is inserted into the hollow portions 2a and 3a of
one of the processing scheduled portions 2 of the raw material 1 and one of the non-processing scheduled portions 3
of the raw material 1, and the other of the core bar halves 40a is inserted into the hollow portions 2a and 3a of the other
of the processing scheduled portions 2 of the raw material 1 and the other of the non-processing scheduled portions 3
of the raw material 1 [Setting work of the core bar 40]. Through this operation, each punch 30 is placed at the initial
position located at the corresponding axial end portion side of the rawmaterial 1 [Setting work of the punch 30]. Simul-
taneously with this, the tip end portions of both the core bar halves 40a and 40a come into contact with each other in
the hollow portion 3a of the non-processing scheduled portion 3 of the raw material 1. In this state, the internal peripheral
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surfaces of the processing scheduled portion 2 and the non-processing scheduled portion 3 of the raw material 1 are
restrained by the peripheral surface of both the core bar halves 40a and 40a.
[0278] Furthermore, the corresponding processing scheduled portion 2 of the raw material 1 is inserted in the insertion
hole 21 of each guide 20. With this, the external peripheral surface of each processing scheduled portion 2 of the raw
material 1 is restrained by the peripheral surface of the insertion hole 21 of the guide 20.
[0279] Furthermore, as shown in Fig. 8, an initial clearance X is set between the tip end portion 20a of each guide 20
and the corresponding bottom portion 12a of the molding dented portion 12. In the same manner as in the first embodiment,
the distance of each initial clearance X is set to be not larger than the buckling limit length X0 at the cross-sectional area
of the exposed portion of the processing scheduled portion 2 of the raw material 1 exposed between the tip end portion
20a of each guide 20 and the corresponding bottom portion 12a of the molding dented portion 12.
[0280] Subsequently, as shown in Fig. 9, while axially simultaneously pressurizing each processing scheduled portion
2 of the rawmaterial 1 with the corresponding punch 30 by simultaneously moving both the punches 30 and 30 by
operating both the punch driving apparatuses 70 and 70, each guide 20 is moved in a direction 25 opposite to the moving
direction 35 of the corresponding punch 30 by simultaneously operating both the guide driving apparatuses 60 and 60.
With this, the processing scheduled portion 2 of the raw material 1 exposed between the tip end portion 20a of each
guide 20 and the corresponding bottom portion 12a of the molding dented portion 12 is outwardly expanded so that the
wall thickness increases within the corresponding molding dented portion 12. Furthermore, the rod 51a of the fluid
pressure cylinder 51 is retracted in accordance with the movement of each punch 30 to prevent the axial displacement
of the core bar half 40a.
[0281] Here, a time lag t0 is set between the moving initiation of each punch 30 and the moving initiation of the guide
20. That is, in the case of initiating the pressurization of the processing scheduled portion 2 of the raw material 1 with
each punch 30, the position of each guide 20 is fixed to the initial position, and then each processing scheduled portion
2 of the raw material 1 is axially pressurized with the corresponding punch 30 by moving the punch 30. After the lapse
of the time lag t0, while continuously pressurizing the corresponding processing scheduled portion 2 of the raw material
1 with each punch 30, each guide 20 is moved in a direction 25 opposite to the moving direction 35 of the corresponding
punch 30. At this time, the traveling speed of each guide 20 is controlled by the controller of the guide driving apparatus
60 so as not to exceed the buckling limit length at the cross-sectional area of the exposed portion of the processing
scheduled portion 2 of the raw material 1 exposed between the tip end portion 20a of the guide 20 and the bottom portion
12a of the molding dented portion 12. Moreover, when the processing conditions are determined, a cylinder or a machine
cam of a designed constant speed can be used.
[0282] With the movement of each punch 30 and each guide 20, each processing scheduled portion 2 of the raw
material 1 is gradually outwardly expanded so that the wall thickness increases within the corresponding molding dented
portion 12, and the material of the processing scheduled portion 2 is gradually filled in the molding dented portion 12.
[0283] As shown in Fig. 10, when the tip end portion of each punch 30 has reached the stop position XP with respect
to the bottom portion 12a of the molding dented portion 12 obtained from the design volume of the corresponding
expanded portion 4, the movement of the punch 30 is terminated. When the tip end portion 20a of each guide 20 has
reached the stop position Xg with respect to the bottom portion 12a of the molding dented portion 12 defined by the tip
end portion 20a of the guide 20, the movement of each guide 20 is terminated. At this time, the material of the processing
scheduled portion 2 of the raw material 1 has been completely filled in the corresponding molding dented portion 12,
and the processing scheduled portion 2 has been expanded into the designed shape.
[0284] Through the procedures, the wall thickening processing for both the processing scheduled portions 2 of the
raw material 1 are completed.
[0285] Next, in order to pull each core bar half 40a out of the hollow portions 2a, 2a and 3a of both the processing
scheduled portions 2 and the non-processing scheduled portion 3 of the raw material 1, each punch 30 is moved in the
axial direction of the raw material 1 from each position of the axial end portion of the raw material 1. Thus, each punch
30 is removed from the position of the axial end portion of the raw material 1, and at the same time each core bar half
40a is pulled out [Pulling out work of the core bar half 40a and removal work of the punch 30]. Then, the upsetting
manufactured product 6B is pulled out of the restraining hole 11 of the restraining die 10.
[0286] In the second embodiment, the stop position XP of the tip end portion of each punch 30 with respect to the
bottom portion 12a of the molding dented portion 12 and the stop position Xg of the tip end portion 20a of each guide
20 with respect to the bottom portion 12a of the molding dented portion 12 coincide with each other. However, in the
present invention, it is not always required that XP and Xg coincide with each other.
[0287] The average moving speed G from the moving initiation of each guide 20 preferably satisfies the aforementioned
equation (i).
[0288] In the upsetting method of the second embodiment, by moving each guide 20 in a direction 25 opposite to the
moving direction 35 of the corresponding punch 30 while simultaneously pressurizing each processing scheduled portion
2 of the raw material 1 with the corresponding punch 30 in the axial direction, both the processing scheduled portions
2 and 2 of the raw material 1 are simultaneously expanded outwardly. Therefore, an upsetting manufactured product
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6B in which expanded portions 4 and 4 are outwardly expanded in the axial both end portions can be manufactured
efficiently.
[0289] Furthermore, the setting work of the core bar half 40a for placing each core bar half 40a in the hollow portions
2a and 3a of the processing scheduled portion 2 and the non-processing scheduled portion 3 of the raw material 1 and
the setting work of the punch 30 for placing each punch 30 at the axial end portion side of the raw material 1 to pressurize
the corresponding processing scheduled portion 2 of the raw material 1 with each punch 30 can be performed simulta-
neously, resulting in improved upsetting operation efficiency.
[0290] Furthermore, after completion of the processing, the pulling out work of the core bar half 40a for pulling each
core bar half 40a out of the hollow portions 2a and 3a of the processing scheduled portion 2 and the non-processing
scheduled portion 3 of the raw material 1 and the removal work of the punch 30 for removing each punch 30 from the
position of the axial end portion of the raw material 1 can be performed simultaneously, resulting in further improved
upsetting operation efficiency.
[0291] Furthermore, since the core bar 40 is divided into two halves at the axial intermediate portion and therefore
the length is shortened, the insertion time for inserting the core bar 40 into the prescribed hollow portions 2a and 3b can
be shortened, which can further improve the operation efficiency of the upsetting.
[0292] In the second embodiment, although each guide 20 is moved by the driving force of the guide driving apparatus
60 at the time of the upsetting, the present invention does not necessarily require that each guide 20 is moved by such
driving force. That is, in the present invention, each guide 20 can be moved by the pressing-back force acting on the
guide 20 by press-fitting the material of each processing scheduled portion 2 of the raw material 1 into the molding
dented portion 12. In this case, even if each guide driving apparatus 60 is not always used, each guide 20 can be moved.
Therefore, the upsetting apparatus 1B can be simplified.
[0293] Figs. 12 to 14 are schematic views for explaining an upsetting method using an upsetting apparatus of a
cylindrical raw material according to the third embodiment of the present invention.
[0294] In Fig. 12, "1C" denotes an upsetting apparatus according to the third embodiment, and "1" denotes a cylindrical
raw material. Furthermore, in Fig. 14, "6C" denotes a cylindrical upsetting manufactured product manufactured by the
upsetting apparatus 1C. This upsetting manufactured product 6C is used as, for example, a preform for manufacturing
a shank member of an arm for vehicles, or a preform for manufacturing a component in which a screw hole is to be
formed at both end portions of a cylindrical shank portion. Or, the product can be used as a member in which another
member is to be integrally secured to an end portion of a cylindrical shank portion by a friction stir welding, i.e., a joining
cylindrical member for a friction stir welding. "5" denotes a shank portion of the upsetting manufactured product 6C
constituted by the non-processing scheduled portion 3 of the raw material 1 , and "4" denotes an expanded portion
formed at the end portion of the shank portion 5. This expanded portion 4 is expanded so that the wall thickness of the
raw material 1 increases inwardly (i.e., toward the radially inward direction of the raw material 1).
[0295] The structure of the upsetting apparatus 1C of this third embodiment will be explained below focusing on the
differences with the apparatus 1A of the first enforcement.
[0296] As shown in Fig. 12, just like the raw material of the first embodiment, the raw material 1 is a straight cylindrical
member, in detail, a straight pipe round in cross-section.
[0297] The processing scheduled portion 2 of the raw material 1 is located at one end portion of the axial end portions
of the raw material 1, or at one axial end portion of the raw material 1. In other words, the axial one end portion of the
raw material 1 corresponds to the processing scheduled portion 2. On the other hand, the non-processing scheduled
portion 3 of this raw material 1 is located at the axial other end portion of the raw material 1. In other words, the axial
other end portion of the raw material 1 corresponds to the non-processing scheduled portion 3. By processing the
processing scheduled portion 2 of the raw material 1 to increase the wall thickness into a designed shape, as shown in
Fig. 14 , an inwardly expanded portion 4 increased in wall thickness is formed at one end portion of the raw material 1
(the shank portion 5].
[0298] The upsetting apparatus 1C is configured to inwardly expand the processing scheduled portion 2 of the raw
material 1 so as to increase the wall thickness thereof. This upsetting apparatus 1C is equipped with a core bar 40, a
restraining die 10, a molding dented portion 12, a guide 20, a punch 30, a guide driving apparatus 60, and a punch
driving apparatus 70.
[0299] The core bar 40 has a core bar main body 41 and a small diameter portion 42 integrally formed at the axial
one end portion of the core bar main body 41 and smaller than the core bar main body 41 in diameter. In this core bar
40, the core bar main body 41 is inserted in the hollow portion 3a of the non-processing scheduled portion 3 of the raw
material 1 , and restrains the internal peripheral surface of the non-processing scheduled portion 3 in a buckling preventing
state with the peripheral surface of the core bar main body 41. The small diameter portion 42 of the core bar 40 is placed
in the hollow portion 2a of the processing scheduled portion 2 of the raw material 1, and forms the molding dented portion
12 between the internal peripheral surface of the processing scheduled portion 2 and the small diameter portion 42.
[0300] The restraining die 10 has a restraining hole 11 extended in the axial direction. This restraining hole 11 is
configured to hold the processing scheduled portion 2 and the non-processing scheduled portion 3 of the raw material
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1 inserted therein to restrain the external peripheral surfaces of the processing scheduled portion 2 and the non-processing
scheduled portion 3 with the peripheral surface of the restraining hole 11 in the buckling preventing state.
[0301] The restraining die 10 is longitudinally divided into a plurality of pieces. That is, it is a split mold.
[0302] The punch 30 is for axially pressurizing the processing scheduled portion 2 of the raw material 1. The tip end
portion of this punch 30 is formed into a cross-sectional shape corresponding to the cross-sectional shape of the axial
end portion (i.e., processing scheduled portion 2) of the raw material 1, i.e., the tip end portion of the punch 30 is cylindrical
in cross-section.
[0303] Furthermore, a hollow portion 31 extended in the axial direction is formed in the punch 30. This hollow portion
31 penetrates the punch 30 in the axial direction.
[0304] The guide 20 is placed in the hollow portion 2a of the processing scheduled portion 2 of the raw material 1,
and restrains the internal peripheral surface of the processing scheduled portion 2 by the peripheral surface of the guide 20.
[0305] This guide 20 is movable in a direction 25 opposite to the moving direction 35 of the punch. This guide 20 is
placed in the hollow portion 31 of the punch 30 in the axially movable manner.
[0306] Moreover, the peripheral edge portion of the tip end portion 20a of the guide 20 is chamfered, and therefore
the peripheral edge portion is formed into a round cross-sectional shape. "21a" denotes a chamfered portion formed at
the peripheral edge portion.
[0307] Furthermore, the guide 20 has a hollow portion extended in the axial direction, and a fluid pressure cylinder
51 is placed in the hollow portion as an extensible device 50 capable of being extended and contracted in the axial
direction. To this guide 20, the core bar 40 is connected via the fluid pressure cylinder 51 so as to extend in the axial
direction of the guide 20. At the tip end portion of the extensible rod 51a of this fluid pressure cylinder 51, the small
diameter portion 42 of the core bar 40 is detachably attached.
[0308] The punch driving apparatus 70 is for giving pressurizing force for pressurizing the processing scheduled portion
2 of the raw material 1 to the punch 30 by moving the punch 30 in the axial direction of the raw material 1. This punch
driving apparatus 70 is connected to the punch 30.
[0309] The guide driving apparatus 60 is for moving the guide 20 in a direction opposite 25 to the moving direction 35
of the punch. This guide driving apparatus 60 is connected to the guide 20.
[0310] Next, an upsetting method using the aforementioned upsetting apparatus 1C of the third embodiment will be
explained below.
[0311] Initially, as shown in Fig. 12, the processing scheduled portion 2 and the non-processing scheduled portion 3
of the raw material 1 are inserted in the restraining hole 11 of the restraining die 10. With this, the external peripheral
surfaces of the processing scheduled portion 2 and the non-processing scheduled portion 3 of the raw material 1 are
restrained by the peripheral surface of the restraining hole 11.
[0312] Subsequently, in a state in which the core bar 40 is connected to the guide 20 via the fluid pressure cylinder
51, the core bar main body 41 is inserted into the hollow portion 3a of the non-processing scheduled portion 3 of the
raw material 1 , and the small diameter portion 42 of the core bar 41 is inserted into the hollow portion 2a of the processing
scheduled portion 2 of the raw material 1 [Setting work of the core bar 40]. Through this operation, the guide 20 is placed
at the hollow portion 2a of the processing scheduled portion 2 of the raw material 1 [Setting work of the guide 20]. In
this state, the internal peripheral surface of the processing scheduled portion 2 of the raw material 1 is restrained by the
peripheral surface of the guide 20.
[0313] Furthermore, the guide 20 is inserted into the hollow portion 31 of the punch 30, and this punch 30 is placed
at the initial position at the axial end portion side of the raw material 1.
[0314] Furthermore, an initial clearance X is set between the tip end portion 20a of the guide 20 and the bottom portion
12a of the molding dented portion 12. In the state before initiating the movement of the punch 30, the distance of this
initial clearance X is set to be not larger than the buckling limit length X0 at the cross-sectional area of the exposed
portion of the processing scheduled portion 2 of the raw material 1 exposed between the tip end portion 20a of the guide
20 and the bottom portion 12a of the molding dented portion 12.
[0315] Subsequently, as shown in Fig. 13, while axially pressurizing the processing scheduled portion 2 of the raw
material 1 with the punch 30 by moving the punch by operating the punch driving apparatus 70, the guide 20 is moved
in a direction 25 opposite to the moving direction 35 of the punch 30 by operating the guide driving apparatus 60. With
this, the processing scheduled portion 2 of the raw material 1 exposed between the tip end portion 20a of the guide 20
and the bottom portion 12a of the molding dented portion 12 is inwardly expanded so that the wall thickness increases
within the molding dented portion 12. Furthermore, the rod 51a of the fluid pressure cylinder 51 is extended in accordance
with the movement of the punch 30 to prevent the axial displacement of the core bar 41.
[0316] Here, it is preferable to set a time lag to between the moving initiation of the punch 30 and the moving initiation
of the guide 20. That is, in the case of initiating the pressurization of the processing scheduled portion 2 of the raw
material 1 with the punch 30, the position of the guide 20 is fixed to the initial position, and then the processing scheduled
portion 2 of the raw material 1 is axially pressurized with the punch 30 by moving the punch 30. After the lapse of the
time lag t0, while continuously pressurizing the processing scheduled portion 2 of the raw material 1 with the punch 30,
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the guide 20 is moved in a direction 25 opposite to the moving direction 35 of the punch 30.
[0317] With the movement of the punch 30 and the guide 20, the processing scheduled portion 2 of the raw material
1 is gradually inwardly expanded so that the wall thickness increases within the molding dented portion 12, and the
material of the processing scheduled portion 2 is gradually filled in the molding dented portion 12 under pressure.
[0318] As shown in Fig. 14, when the tip end portion of the punch 30 has reached the stop position XP with respect
to the bottom portion 12a of the molding dented portion 12 obtained from the design volume of the expanded portion 4,
the movement of the punch 30 is terminated. When the tip end portion 20a of the guide 20 has reached the stop position
Xg with respect to the bottom portion 12a of the molding dented portion 12 defined by the tip end portion 20a of the guide
20, the movement of the guide 20 is terminated. At this time, the material of the processing scheduled portion 2 of the
raw material 1 has been completely filled in the molding dented portion 12, and the processing scheduled portion 2 has
been expanded into the designed shape.
[0319] Through the aforementioned procedures, the wall thickening processing for the processing scheduled portion
2 of the raw material 1 is completed.
[0320] Subsequently, the fluid pressure cylinder 51 and the core bar 40 are separated, and the bottom portion 15 of
the restraining die 10 is removed. Then, the core bar 40 is pulled out of the hollow portion 3a of the non-processing
scheduled portion 3 of the raw material 1, and the guide 20 and the punch 30 are also removed.
[0321] In the third embodiment, the stop position XP of the tip end portion of the punch 30 with respect to the bottom
portion 12a of the molding dented portion 12 and the stop position Xg of the tip end portion 20a of the guide 20 with
respect to the bottom portion 12a of the molding dented portion 12 coincide with each other. However, in the present
invention, it is not always required that XP and Xg coincide with each other.
[0322] It is preferable that the average moving speed G of the guide 20 from the moving initiation satisfies the afore-
mentioned equation (i).
[0323] Thus, in the aforementioned upsetting method of the third embodiment, at the time of pressurizing the processing
scheduled portion 2 of the raw material 1 with the punch 30, the internal peripheral surface of the non-processing
scheduled portion 3 of the raw material 1 is restrained by the peripheral surface of the core bar main body 41, and the
external peripheral surfaces of the processing scheduled portion 2 and the non-processing scheduled portion 3 are
restrained by the peripheral surface of the restraining hole 11 of the restraining die 10. Therefore, inward and outward
buckling of the non-processing scheduled portion 3 of the rawmaterial 1 is prevented, and the outward buckling of the
processing scheduled portion 2 is prevented. Furthermore, the guide 20 is placed in the hollow portion 2a of the processing
scheduled portion 2 of the raw material 1, and therefore the internal peripheral surface of the processing scheduled
portion 2 is restrained by the peripheral surface of the guide 20. With this, the inward buckling of the processing scheduled
portion 2 is prevented. In this state, by moving the guide 20 in a direction 25 opposite to the moving direction 35 of the
punch 30 while axially pressurizing the processing scheduled portion 2 of the raw material 1 with the punch 30, the
processing scheduled portion 2 of the raw material 1 exposed between the tip end portion 20a of the guide 20 and the
bottom portion 12a of the molding dented portion 12 is expanded assuredly and favorably so that the wall thickness
increases within the molding dented portion 12. Consequently, a high quality cylindrical upsetting manufactured product
6C can be obtained.
[0324] Furthermore, since the guide 20 is moved by the driving force of the guide driving apparatus 60, the guide 20
can be moved assuredly.
[0325] Furthermore, since the tip end portion of punch 30 is formed into the cross-sectional shape corresponding to
the cross-sectional shape of the axial end portion of the raw material 1, the processing scheduled portion 2 of the raw
material 1 can be assuredly pressurized with the punch 30.
[0326] Furthermore, since the core bar 40 is connected to the guide 20 so as to extend in the axial direction of the
guide 20, the setting work of the core bar 40 for placing the core bar main body 41 into the hollow portion 3a of the non-
processing scheduled portion 3 of the raw material 1 and placing the small diameter portion 42 into the hollow portion
2a of the processing scheduled portion 2 and the setting work of the guide 20 for placing the guide 20 into the hollow
portion 2a of the processing scheduled portion 2 of the raw material 1 can be performed simultaneously, which makes
it possible to improve the operation efficiency of the upsetting.
[0327] Furthermore, since the fluid pressure cylinder 51 is extended with the movement of the guide 20, the problem
that the position of the core bar 40 shifts in accordance with the movement of the guide 20 or the expansion of the
processing scheduled portion 2 of the raw material 1 can be prevented assuredly.
[0328] Furthermore, since the fluid pressure cylinder 51 is used as the extensible device 50, such defect can be
prevented assuredly.
[0329] Furthermore, since the chamfering work (the chamfered portion 21a) is given to the peripheral edge portion of
the tip end portion 20a of the guide 20, the back pressure of the material of the processing scheduled portion 2 of the
raw material 1 effectively acts on the tip end portion 20a of the guide 20 at the time of the processing. Consequently,
the driving force of the guide driving apparatus 60 for moving the guide 20 can be decreased, which makes it possible
to miniaturize the guide driving apparatus 60.
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[0330] Here, in the third embodiment, although the guide 20 is moved by the driving force of the guide driving apparatus
60 at the time of the upsetting, the present invention does not necessarily require that the guide 20 is moved by such
driving force. That is, in the present invention, the guide 20 can be moved by the pressing-back force acting on the guide
20 caused by pressing the material of the processing scheduled portion 2 of the raw material 1 into the molding dented
portion 12. In this case, the guide 20 can be moved without using the guide driving apparatus 60, resulting in a simplified
upsetting apparatus 1C.
[0331] Fig. 15 is a schematic view showing a modified embodiment of the upsetting apparatus 1A of the first embod-
iment.
[0332] In this modification, a compression spring 52 is used as the extensible device 50. This spring 52 is configured
to be compressed with the movement of the punch 30 at the time of the processing.
[0333] This spring 52 can also be applied to each extensible device 50 in the upsetting apparatus 1B of the second
embodiment.
[0334] Fig. 16 is a schematic view showing another modification of the upsetting apparatus 1C of the third embodiment.
[0335] In this modification, a coil spring 52 is used as the extensible device 50. This spring 52 is configured to extend
with the movement of the guide 20 at the time of the processing.
[0336] Figs. 17 to 1.9 are schematic views for explaining an upsetting method using an upsetting apparatus for a
cylindrical raw material according to the fourth embodiment of the present invention.
[0337] In Fig. 17, "1D" denotes an upsetting apparatus for a cylindrical raw material according to the fourth embodiment.
In Figs. 17 to 19, the same mark is allotted to the same component as the structural element of the upsetting apparatus
1B of the second embodiment shown in Figs. 7 to 10. Hereinafter, the structure of the upsetting apparatus 1D of the
fourth embodiment will be explained focusing on the difference with the structure of the upsetting apparatus 1B of the
second embodiment.
[0338] The cylindrical upsetting manufactured product manufactured by the upsetting apparatus 1D of the fourth
embodiment is the same as the cylindrical upsetting manufactured product 6B shown in Fig. 11.
[0339] As shown in Fig. 17, this upsetting apparatus 1D is further equipped with two heating means 80 and 80 and
two cooling means 85 and 85 in addition to all of the structures of the upsetting apparatus 1B of the second embodiment
shown in Fig. 17.
[0340] Two heating means 80 and 80 are the same in structure. Each heating means 80 partially heats the portion 2x
corresponding to the tip end portion 20a of the guide 20 in each processing scheduled portion 2 of the raw material 1 .
The heating means 80 is an induction heating means 81 having an induction heating coil 81a and a power supply portion
81b for supplying AC current (or AC voltage) to the coil 81a.
[0341] The surface of the induction heating coil 81a is covered with an insulating layer (not shown) consisting of, e.g.,
an insulating tape. Furthermore, the coil 81a is embedded in the axial both end portions of the restraining die 10 in such
a manner that it surrounds the corresponding molding dented portion 12.
[0342] The restraining die 10 is made of hard conductive material (e.g., heat resistant metal material) having heat
resistance, such as, e.g., steel material.
[0343] With this induction heating means 81, 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 81b, the axial end portion of the restraining die
10 is partially induction-heated by the coil 81a of the induction heating means 81. With this, the portion 2x of the processing
scheduled portion 2 of the raw material 1 corresponding to the tip end portion 20a of the guide 20 is partially heated by
the heat of the axial end portion of the restraining die 10. That is, it is configured such that the heat of the axial end
portion of the restraining die 10 is conducted to the portion 2x of the raw material 1 to thereby partially heat the portion
2x. Furthermore, this induction heating means 81 is configured such that the portion 2x can be partially heated into a
half-molten state by increasing the current supplying amount or the like to the coil 81a to thereby raise the heating
temperature of the portion 2x of the raw material 1.
[0344] Two cooling means 85 and 85 are the same in structure. Each cooling means 85 partially cools the portion 2y
of each processing scheduled portion 2 of the raw material 1 corresponding to the basal end side portion of the guide
rather than the tip end portion 20a of the guide 20. This cooling means 85 has a cooling fluid passage 85a. This cooling
fluid passage 85a is formed in the basal endportion of the guide 20 as the basal end side portion rather than the tip end
portion 20a of the guide 20. This cooling means 85 is configured to partially cool the portion 2y of the raw material 1 by
circulating cooling fluid, such as, e.g., cooling water, in this cooling fluid passage 85a.
[0345] In addition, "88" and "88" denote two cooling fluid passages formed in the axial intermediate portion of the
restraining die 10. Each cooling fluid passage 88 controls the conduction of the heat generated by the coil 81a of the
induction heating means 81 to the other portions of the restraining-die 10 by circulating the cooling fluid therein.
[0346] The other structure of the upsetting apparatus 1D of this fourth embodiment is the same as the structure of the
upsetting apparatus 1B of the second embodiment.
[0347] Next, the upsetting method using the upsetting apparatus 1D of the fourth embodiment will be explained below.
[0348] First, as shown in Fig. 17, the non-processing scheduled portion 3 of the raw material 1 is inserted in the
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restraining hole 11 of the restraining die 10. With this, each processing scheduled portion 2 of the raw material 1 is
placed in the corresponding molding dented portion 12 of the restraining die 10. In this state, the external peripheral
surface of the non-processing scheduled portion 3 of the raw material 1 is restrained by the peripheral surface of the
restraining hole 11.
[0349] Next, the setting work of the core bar 40 and the setting work of the punch 30, which were explained in the
second embodiment, are performed. With this, the internal peripheral surfaces of both the processing scheduled portions
2 and 2 and the non-processing scheduled portion 3 of the raw material 1 are restrained by the peripheral surface of
the core bar 40 (in detail, both the core bar halves 40a and 40a).
[0350] Furthermore, each processing scheduled portion 2 of the raw material 1 is inserted in the corresponding insertion
hole 21 of each guide 20. With this, the external peripheral surface of eachprocessing scheduledportion 2 of the raw
material 1 is restrained by the peripheral surface of the insertion hole 21.
[0351] Furthermore, depending on the needs, it is preferable to form an initial clearance X (see Fig. 8) between the
tip end portion 20a of each guide 20 and the bottom portion 12a of the corresponding molding dented portion 12.
[0352] Furthermore, the axial both end portions of the restraining die 10 are partially induction-heated by the coil 81a
of each induction heating means 81 by supplying a current of a prescribed frequency to the coil 81a of each induction
heating means 81 by the power-supply portion 81b. With this, the portion 2x of each processing scheduled portion 2 of
the raw material 1 corresponding to the tip end portion 20a of the guide 20 is partially heated by the heat of the axial
end portion of the restraining die 10. Consequently, the deformation resistance in the portion 2x of the raw material 1
decreases partially.
[0353] This heating temperature is not specifically limited, and can be a temperature which causes deterioration of
the deformation resistance of the portion 2x of the raw material 1. Concrete examples of the preferable heating temperature
are as follows.
[0354] For example, in cases where the raw material 1 is made of aluminum or aluminum alloy, 200 to 580 °C (especially
preferably 350 to 540 ° C) can be exemplified as a preferable heating temperature range. Furthermore, in cases where
the portion 2x of the raw material 1 is heated into a half-molten state, 580 to 625 °C (especially preferably 600 to 615
°C) can be exemplified as a preferable heating temperature range. However, in the present invention, the heating
temperature is not limited to the aforementioned range.
[0355] Furthermore, the portion 2y of each processing scheduled portion 2 of the raw material 1 corresponding to the
basal end side portion of the guide 20 rather than the tip end portion of the guide is partially cooled by circulating cooling
fluid, such as, e.g., cooling water of a normal temperature, in the cooling fluid passage 85a of each cooling means 85.
With this, the deterioration of the deformation resistance of the portion 2y of the raw material 1 can be controlled.
[0356] As the preferable cooling temperature in this case, 30 to 80 °C (especially preferably 40 to 60 °C) can be
exemplified. In the present invention, however, the cooling temperature is not limited to the aforementioned range.
[0357] Moreover, cooling fluid of a normal temperature is circulated in each cooling fluid passage 88 formed in the
restricted die 10. With this, the conduction of the heat generated by the coil 81a of each induction heating means 81 to
other portions of the restraining die 10 can be controlled.
[0358] Next, while maintaining such a state, as shown in Figs. 18 and 19, in the same procedures as in the upsetting
method shown in the second embodiment, both the processing scheduled portions 2 and 2 of the raw material 1 are
simultaneously expanded outward in the molding dented portion 12 and 12 so that the wall thickness increases.
[0359] After expanding both the processing scheduled portions 2 and 2 of the raw material 1 into a designed shape,
the pulling out work of the core bar 40 and the removal work of punch 30, which were explained in the second embodiment,
are performed. Thereafter, by removing the raw material 1 from the restraining hole 11 of the restraining die 10, the
cylindrical upsetting manufactured product 6B shown in Fig. 11 is obtained.
[0360] In this upsetting method, it is preferable that the average moving speed G of each guide 20 from the moving
initiation thereof satisfies the aforementioned equation (i).
[0361] Thus, in the upsetting method of the fourth embodiment, there are the following advantages in addition to the
same advantages as those of the upsetting method of the second embodiment.
[0362] That is, since each processing scheduled portion 2 of the raw material 1 is expanded with the portion 2x of
each processing scheduled portion 2 of the raw material 1 corresponding to the tip end portion 20a of the guide 20
partially heated, the portion 2x of each processing scheduled portion 2 of the raw material 1 partially deteriorates in
deformation resistance. As a result, the molding pressure can be reduced. On the other hand, as to the portion 2y of
each processing scheduled portion 2 of the raw material 1 corresponding to the basal end side portion of the guide 20
rather than the tip end portion 20a of the guide 20, since it is not heated, the portion does not deteriorate in deformation
resistance. Therefore, the increase in the molding pressure produced when each end portion of the raw material 1 is
crushed in the insertion hole 21 of the guide 20 by the pressure from the punch 30 can be prevented.
[0363] Furthermore, since the portion 2x of each processing scheduled portion 2 of the raw material 1 corresponding
to the tip end portion 20a of the guide 20 is partially heated with the heat of the axial end portion of restraining die 10
by partially induction-heating the axial both end portions of the restraining die 10 with the induction heating means 81,
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the portion 2x of the raw material 1 can be heated assuredly and efficiently.
[0364] And, in the fourth embodiment, the portion 2x of the raw material 1 can be heated into a half-molten state
partially by raising the heating temperature. In this case, the molding pressure can be reduced substantially. The upsetting
in this case is classified under the category of Thixomolding.
[0365] Furthermore, each processing scheduled portion 2 of the raw material 1 is expanded in a state in which the
portion 2y of each processing scheduled portion 2 of the raw material 1 corresponding to the basal end side portion of
the guide 20 rather than the tip end portion 20a of guide 20 is partially cooled by the cooling means 85. Therefore, the
heating of the portion 2y of the raw material 1 can be prevented assuredly, which in turn can assuredly prevent the
deterioration of the deformation resistance of the portion 2y of the raw material 1.
[0366] Therefore, according to the upsetting method of the fourth embodiment, a high quality cylindrical upsetting
manufactured product 6B having an expanded portion 4 outwardly expanded with the increased wall thickness at each
of the axial both end portions can be manufactured.
[0367] In the fourth embodiment, the portion 2x of each processing scheduled portion 2 of the raw material 1 corre-
sponding to the tip end portion 20a of the guide 20 is partially heated with the heat of the axial end portion of the restraining
die 10 by partially induction heating both the axial end portions of the restraining die 10 by the induction heating means
81. In the present invention, however, the portion 2x of the raw material 1 can be partially induction-heated by the
induction heating means 81. In this case, the portion 2x of the raw material 1 can be heated assuredly and very efficiently.
Furthermore, in this case, the restraining die 10 can be made of hard conductive material (e.g., heat resistant metal
material) having heat resistance, such as, e.g., steel material, and also can be hard non-conductive material having heat
resistance, such as, e.g., ceramics.
[0368] Furthermore, in the fourth embodiment, the number of the processing scheduled portion 2 of the raw material
1 is two. In the present invention, however, the number of the processing scheduled portion 2 can be one.
[0369] Here, in the fourth embodiment, each guide 20 is moved by the driving force of the guide driving apparatus 60
at the time of the upsetting. In the present invention, however, it is not necessarily required that each guide 20 is moved
by such driving force. That is, in the present invention, each guide 20 can be moved by the pressing-back force acting
on the guide 20 caused by the pressing of the molding dented portion 12 of the material of each processing scheduled
portion 2 of the raw material 1 . In this case, each guide 20 can be moved without using each guide driving apparatus
60, resulting in simplification of the upsetting apparatus 1D.
[0370] Figs. 20 to 22 are schematic views for explaining an upsetting method using an upsetting apparatus for a
cylindrical raw material according to the fifth embodiment of the present invention.
[0371] In Fig. 20, "1E" denotes an upsetting apparatus for a cylindrical rawmaterial according to the fifth embodiment.
In Figs. 20 to 22, the same reference mark is allotted to the same component as the structure element of the upsetting
apparatus 1C of the third embodiment shown in Figs. 12 to 14. Hereinafter, the structure of the upsetting apparatus 1E
of the fifth embodiment will be explained focusing on the difference with the structure of the upsetting apparatus 1C of
the third embodiment and the upsetting apparatus 1D of the fourth embodiment.
[0372] The cylindrical upsetting manufactured product manufactured by the upsetting apparatus 1E of the fifth em-
bodiment has, as shown in Fig. 22, an expanded portion 4 inwardly expanded so that the wall thickness increases at
the axial one end portion, i.e., it is the same as the cylindrical upsetting manufactured product 6C manufactured by the
upsetting apparatus 1C of the third embodiment.
[0373] As shown in Fig. 20, this upsetting apparatus 1E is equipped with a heating means 80 and a cooling means
85 in addition to all of the structures of the upsetting apparatus 1C of the third embodiment.
[0374] The heating means 80 partially heats the portion 2x of the processing scheduled portion 2 of the raw material
1 corresponding to the tip end portion 20a of the guide 20. The heating means 80 is an induction heating means 81
having an induction heating coil 81a and a power-supply portion 81b for supplying AC current (or AC voltage) to the coil
81a.
[0375] The surface of the induction heating coil 81a is covered by an insulating layer (not shown) consisting of an
insulating tape, etc. Furthermore, this coil 81a is embedded in the axial one end portion of the restraining die 10 so as
to surround the molding dented portion 12.
[0376] The restraining die 10 is made of hard conductive material (e.g., heat resistant metal material) having heat
resistance, such as, e.g., steel material, or hard non-conductive material having heat resistance, such as ceramics.
[0377] With this induction heating means 81, 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 81b, the portion 2x of the processing scheduled
portion 2 of the raw material 1 corresponding to the tip end portion 20a of the guide 20 is partially heated by the coil 81a
of the induction heating means 81 . Furthermore, this inductionheatingmeans 81 is configured such that the portion 2x
of the raw material 1 can be partially heated into a half-molten state by increasing the current supplying amount or the
like to the coil 81a to thereby raise the heating temperature of the portion 2x of the raw material 1.
[0378] The cooling mean 85 partially cools the portion 2y of each processing scheduled portion 2 of the raw material
1 corresponding to the basal end side portion of the guide rather than the tip end portion 20a of the guide 20. This cooling
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means 85 has a cooling fluid passage 85a formed in the basal end portion of the guide 20. This cooling means 85 is
configured to partially cool the portion 2y of the raw material 1 by circulating cooling fluid, such as, e.g., cooling water,
in this cooling fluid passage 85a.
[0379] "88" denotes a cooling fluid passage formed in the restraining die 10. The cooling fluid passage 88 controls
the conduction of the heat generated by the coil 81a of the induction heating mean 81 to the other portions of the
restraining die 10 by circulating the cooling fluid therein.
[0380] The other structure of the upsetting apparatus 1E of this fifth embodiment is the same as the structure of the
upsetting apparatus 1C of the third embodiment.
[0381] Next, the upsetting method using the upsetting apparatus 1E of the fifth embodiment will be explained below.
[0382] First, as shown in Fig. 20, the processing scheduled portion 2 and the non-processing scheduled portion 3 of
the raw material 1 are inserted in the restraining hole 11 of the restraining die 10. With this, the external peripheral
surfaces of the processing scheduled portion 2 and the non-processing scheduled portion 3 of the raw material 1 are
restrained by the peripheral surface of the restraining hole 11 in a buckling preventing state. Next, in the state in which
the core bar 40 is connected to the guide 20 via the fluid pressure cylinder 51, the core bar main body 41 is inserted in
the hollow portion 3a of the non-processing scheduled portion 3 of the raw material 1, and the small diameter portion
42 of the core bar 40 is inserted in the hollow portion 2a of the processing scheduled portion 2 [Setting work of the core
bar 40]. With this operation, at least the tip end portion 20a of the guide 20 is placed in the hollow portion 2a of the
processing scheduled portion 2 of the raw material 1 [Setting work of the guide 20]. In this state, the internal peripheral
surface of the processing scheduled portion 2 of the raw material 1 is restrained by the peripheral surface of guide 20
in a buckling preventing state.
[0383] Furthermore, depending on the needs, it is preferable to set an initial clearance X (see Fig. 12) between the
tip end portion 20a of each guide 20 and the bottom portion 12a of the corresponding molding dented portion 12.
[0384] Furthermore, the portion 2x of the processing scheduled portion 2 of the raw material 1 is partially induction-
heated by the coil 81a of the induction heating means 81 by supplying a current of a prescribed frequency to the coil
81a of the induction heating means 81 by the power-supply portion 81b. With this, the portion 2x of the processing
scheduled portion 2 of the raw material 1 is partially decreased in deformation resistance.
[0385] The preferable heating temperature range in this case is the same as the preferable heating temperature range
in the fourth embodiment.
[0386] Furthermore, the portion 2y of the processing scheduled portion 2 of the raw material 1 corresponding to the
basal end side portion of the guide 20 rather than the tip end portion of the guide 20 is partially cooled by circulating
cooling fluid, such as, e.g. , cooling water of a normal temperature, in the cooling fluid passage 85a of each cooling
means 85. With this, the deterioration of the deformation resistance of the portion 2y of the raw material 1 can be controlled.
[0387] The preferable cooling temperature range in this case is the same as the preferable cooling temperature range
in the fourth embodiment.
[0388] Moreover, cooling fluid of a normal temperature is circulated in the cooling fluid passage 88 formed in the
restricted die 10. With this, the conduction of the heat generated by the coil 81a of the induction heating means 81 to
other portions of the restraining die 10 can be controlled.
[0389] Next, while maintaining such a state, as shown in Figs. 21 and 22, in the same procedures as in the upsetting
method shown in the third embodiment, the processing scheduled portion 2 of the raw material 1 is expanded inward
in the molding dented portion 12 and 12 so that the wall thickness increases.
[0390] After expanding the processing scheduled portion 2 of the raw material 1 into a designed shape, the fluid
pressure cylinder 51 and the core bar 40 are detached, and the bottom portion 15 of the restraining die 10 is removed.
Then, the core bar 40 is pulled out of the hollow portion 3a of the non-processing scheduled portion 3 of the raw material
1, and the guide 20 and the punch 30 are also removed. With this, a desired cylindrical upsetting manufactured product
6C is obtained.
[0391] In this upsetting method, it is preferable that the average moving speed G of each guide 20 from the moving
initiation thereof satisfies the aforementioned equation (i).
[0392] Thus, in the upsetting method of the fifth embodiment, there are the following advantages in addition to the
same advantages as those of the upsetting method of the third embodiment.
[0393] That is, since the processing scheduled portion 2 of the raw material 1 is expanded with the portion 2x of the
processing scheduled portion 2 of the raw material 1 corresponding to the tip end portion 20a of the guide 20 partially
heated, only the portion 2x of the processing scheduled portion 2 of the raw material 1 partially deteriorates in deformation
resistance. As a result, the molding pressure can be reduced. On the other hand, as to the portion 2y of the processing
scheduled portion 2 of the raw material 1 corresponding to the basal end side portion of the guide 20 rather than the tip
end portion 20a of the guide 20, since it is not heated, the portion does not deteriorate in deformation resistance.
Therefore, the increase in the molding pressure produced when the end portion of the raw material 1 is crushed in the
insertion hole 21 of the guide 20 by the pressure from the punch 30 can be prevented.
[0394] Furthermore, since the portion 2x of the processing scheduled portion 2 of the raw material 1 corresponding



EP 1 844 875 A1

32

5

10

15

20

25

30

35

40

45

50

55

to the tip end portion 20a of the guide 20 is partially heated with the induction heating means 81, the portion 2x of the
raw material 1 can be heated assuredly and efficiently.
[0395] And, in the fifth embodiment, the portion 2x of the raw material 1 can be heated into a half-molten state partially
by raising the heating temperature. In this case, the molding pressure can be reduced substantially. The upsetting in
this case is classified under the category of Thixomolding.
[0396] Furthermore, the processing scheduled portion 2 of the raw material 1 is expanded in a state in which the
portion 2y of the processing scheduled portion 2 of the rawmaterial 1 corresponding to the basal end side portion of the
guide 20 rather than the tip end portion 20a of guide 20 is partially cooled by the cooling means 85. Therefore, the
heating of the portion 2y of the raw material 1 can be prevented assuredly, which in turn can assuredly prevent the
deterioration of the deformation resistance of the portion 2y of the raw material 1.
[0397] Therefore, according to the upsetting method of the fifth embodiment, as shown in Fig. 22, a high quality
cylindrical upsetting manufactured product 6C in which an expanded portion 4 is formed at the axial end portion so that
the wall thickness increases can be manufactured.
[0398] In the fifth embodiment, the portion 2x of the processing scheduled portion 2 of the raw material 1 corresponding
to the tip end portion 20a of the guide 20 is partially heated with the induction heating means 81. In the present invention,
however, the axial one end portion of the restraining die 10 can be partially induction-heated by the induction heating
means 81, to thereby partially heat the portion 2x of the raw material 1 with the heat of the axial one end portion of the
restraining die 10. In this case, the portion 2x of the raw material 1 can be heated assuredly and efficiently. Furthermore,
in this case, it is preferable that the restraining die 10 is made of hard conductive material (e.g., heat resistant metal
material) such as, e.g., steel material.
[0399] Here, in the fifth embodiment, the guide 20 is moved by the driving force of the guide driving apparatus 60 at
the time of the upsetting. In the present invention, however, it is not necessarily required that the guide 20 is moved by
such driving force. That is, in the present invention, the guide 20 can be moved by the pressing-back force acting on
the guide 20 caused by the pressing of the molding dented portion 12 of the material of the processing scheduled portion
2 of the raw material 1 . In this case, the guide 20 can be moved without using the guide driving apparatus 60, resulting
in simplification of the upsetting apparatus 1E.
[0400] Figs. 23 to 25 are schematic views for explaining an upsetting method using an upsetting apparatus for a
cylindrical raw material according to the sixth embodiment of the present invention.
[0401] In Fig. 23, g "1F" denotes an upsetting apparatus for a cylindrical raw material according to the sixth embodiment.
In Figs . 23 to 25, the same mark is allotted to the same component as that of the structure element of the upsetting
apparatus 1B of the second embodiment shown in Figs. 7 to 10. Hereafter, the structure of upsetting apparatus 1F of
this sixth embodiment will be explained focusing on the difference with the structure of the upsetting apparatus 1B of
the second embodiment and that of the upsetting apparatus 1D of the fourth embodiment.
[0402] The cylindrical upsetting manufactured product manufactured by the upsetting apparatus 1F of the sixth em-
bodiment is the same as the cylindrical upsetting manufactured product 6B shown in Fig. 11.
[0403] Unlike the upsetting apparatus 1D of the fourth embodiment, this upsetting apparatus 1F is not equipped with
the core bar and the extensible device as shown in Fig. 23. This upsetting apparatus 1F is equipped with two heating
means 80 and 80, two cooling means 85 and 85, and a pressure fluid filling means 90.
[0404] The two heating means 80 and 80 are the same in structure. Each heating means 80 is the same in structure
as the heating means 80 of the upsetting apparatus 1D of the fourth embodiment, i.e., each heating means 80 is an
induction heating means 81 having an induction heating coil 81a and a power-supply portion 81b.
[0405] The two cooling means 85 and 85 are the same in structure. Each cooling means 85 is the same in structure
as the cooling means 85 of the upsetting apparatus 1D of the fourth embodiment, i.e., each cooling means 85 has a
cooling fluid passage 85a.
[0406] The pressure fluid filling means 90 fills pressure fluid (pressure medium) 95 in the hollow portions 3a, 2a and
2a of the non-processing scheduled portion 3 located at the axial intermediate portion of the cylindrical rawmaterial 1
and the processing scheduled portion 2 and 2 located at the axial both end portions, to thereby restrain the internal
peripheral surfaces of the non-processing scheduled portion 3 of the raw material 1 and both the processing scheduled
portions 2 and 2 by the fluid pressure (i.e., pressure of the pressure fluid) in a buckling preventing state.
[0407] This pressure fluid filling means 90 has a pressure fluid supplying passage 91 formed in one of the punches
30 and 30 in an axially penetrated manner, and a pressure fluid supplying portion 92 for supplying the pressure fluid 95
into the hollow portion 3a, 2a and 2a of the raw material 1 through the supplying passage 91. The supplying port 9a of
the pressure fluid supplying passage 92 is provided at the tip end face of the punch 30 in communication with the hollow
portion 2a. The pressure fluid supplying portion 92 has a pressure tank (not shown) in which the pressure fluid is filled
as a pressure fluid supplying source.
[0408] Gas, such as, e.g., argon or air, is used as the pressure fluid 95. In the present invention, however, the pressure
fluid 95 is not limited to gas, and can be liquid, such as, e.g., water or oil.
[0409] At the tip end portion of each punch 30, a fitting convex portion 32 to be fitted in the opening portion of the axial
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end portion of the raw material 1 is formed. This fitting convex portion 32 prevents the deformation of the axial end of
the raw material 1 by supporting the axial end portion from its inner side.
[0410] Next, the upsetting method using the upsetting apparatus 1F of the sixth embodiment will be explained below.
[0411] First, as shown in Fig. 23, the non-processing scheduled portion 3 of the raw material 1 is inserted in the
restraining hole 11 of the restraining die 10. With this, each processing scheduled portion 2 of the raw material 1 is
placed in the corresponding molding dented portion 12 of the restraining die 10. In this state, the external peripheral
surface of the non-processing scheduled portion 3 of the raw material 1 is restrained by the peripheral surface of the
restraining hole 11.
[0412] Next, the corresponding processing scheduled portion 2 of the raw material 1 is inserted in the insertion hole
21 of each guide 20. With this, the external peripheral surface of each processing scheduled portion 2 of the raw material
1 is restrained by the peripheral surface of insertion hole 21 in a buckling preventing state.
[0413] Furthermore, the corresponding punch 30 is inserted in the insertion hole 21 of each guide 20. With this, each
punch 30 is placed at the initial position located at the axial end portion of the raw material 1, and each fitting convex
portion 32 of the tip end portion of each punch 30 is closely fitted in the opening portion of the axial end portion of the
raw material 1 to support the end portion in a deformation prevention state by the convex portion 32 from its inner side.
Furthermore, the opening portions of both the axial end portions of the raw material 1 are blocked by the fitting of the
fitting convex portion 32 as mentioned above.
[0414] Next, the pressure fluid 95 is fully filled in the hollow portions 3a, 2a and 2a of the non-processing scheduled
portion 3 and both the processing scheduled portion 2 and 2 by the pressure fluid filling means 90 from the pressure
fluid supplying portion 92 through the pressure fluid supplying passage 91. At the time of this filling, it is preferable to
set a gap between the opening portion of one of the axial end portions of the raw material 1 and the tip end portion of
the punch 30 since it becomes easy to fill the pressure fluid 95 in the hollow portion 3a, 2a and 2a of the raw material
1. It is preferable that the filling pressure of the pressure fluid 95 is set so as to fall within the range of 5 to 50 MPa
(especially preferably 15 to 30 MPa). In the present invention, however, the range of the filling pressure is not limited to
the aforementioned range, and the filling pressure can fall within the range in which the non-processing scheduled portion
3 and both the processing scheduled portion 2 and 2 of the raw material 1 are not buckled inwardly at the time of the
processing.
[0415] Furthermore, according to need, it is preferable to set an initial clearance X (see Fig. 8) between the tip end
portion 20a of each guide 20 and the corresponding bottom portion 12a of the molding dented portion 12.
[0416] Furthermore, the axial both end portions of the restraining die 10 is partially induction-heated by the coil 81a
of each induction heating means 81 by supplying current of a prescribed frequency to the coil 81a of each induction
heating means 81 by the power-supply portion 81b. With this, the portion 2x of each processing scheduled portion 2 of
the raw material 1 corresponding to the tip end portion 20a of the guide 20 is partially heated by the heat of the axial
end portion of the restraining die 10. Consequently, the deformation resistance of the portion 2x of the raw material 1
deteriorates partially.
[0417] The preferable heating temperature range in this case is the same as the preferable heating temperature range
in the fourth embodiment.
[0418] Furthermore, the portion 2y of the processing scheduled portion 2 of the raw material 1 corresponding to the
basal end side portion of the guide 20 rather than the tip end portion of the guide 20 is partially cooled by circulating
cooling fluid, such as, e.g., cooling water of a normal temperature, in the cooling fluid passage 85a of each cooling
means 85. With this, the deterioration of the deformation resistance of the portion 2y of the raw material 1 can be controlled.
[0419] The preferable cooling temperature range in this case is the same as the preferable cooling temperature range
in the fourth embodiment.
[0420] Moreover, cooling fluid of a normal temperature is circulated in the cooling fluid passage 88 formed in the
restricted die 10. With this, the conduction of the heat generated by the coil 81a of the induction heating means 81 to
other portions of the restraining die 10 can be controlled.
[0421] Next, while maintaining such a state, as shown in Figs. 24 and 25, in the same procedures as in the upsetting
method shown in the second embodiment, both the processing scheduled portions 2 of the raw material 1 are simulta-
neously expanded outward in the molding dented portion 12 and 12 so that the wall thickness increases. When both the
processing scheduled portions 2 and 2 of the raw material 1 are being expanded, it is preferable to adjust the fluid
pressure so that the fluid pressure in the hollow portion 3a, 2a and 2a of the raw material 1 becomes constant.
[0422] After expanding both the processing scheduled portions 2 of the raw material 1 into a designed shape, a desired
cylindrical upsetting manufactured product 6B is obtained by removing the raw material 1 from the restraining hole 11
of the restraining die 10.
[0423] In this upsetting method, it is preferable that the average moving speed G of each guide 20 from the moving
initiation thereof satisfies the aforementioned equation (i).
[0424] Thus, in the upsetting method of the sixth embodiment, there are the following advantages.
[0425] That is, at the time of pressuring each processing scheduled portion 2 of the raw material 1 with the punch 30,
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the internal peripheral surfaces of the non-processing scheduled portion 3 and both the processing scheduled portion
2 and 2 are pressurized and retrained by the fluid pressure, and the external peripheral surface of the non-processing
scheduled portion 3 is restrained by the peripheral surface of the restraining hole 11 of the restraining die 10. Therefore,
the inward and outward buckling of the non-processing scheduled portion 3 of raw material 1 is prevented, and the
inward buckling of each processing scheduled portion 2 is prevented. And, each processing scheduled portion 2 of the
raw material 1 is placed in the insertion hole 21 of the guide 20, and therefore the external peripheral surface of each
processing scheduled portion 2 is restrained by the peripheral surface of the insertion hole 21. This prevents the outward
buckling of the processing scheduled portion 2. Performing the upsetting in this state assuredly and efficiently enables
each processing scheduled portion 2 of the raw material 1 to be expanded within the molding dented portion 21 so that
the wall thickness increases, resulting in a high quality cylindrical upsetting manufactured product 6B.
[0426] Furthermore, since the hollow portion 3a, 2a and 2a of the processing scheduled portion 2 and both the
processing scheduled portions 2 and 2 are filled with not a core bar but pressure fluid 25, the frictional force which acts
on each processing scheduled portion 2 at the time of the processing can be reduced. This significantly reduces the
molding pressure. Furthermore, there is an advantage that there is no need to remove a core bar from the hollow portion
of the upsetting manufactured product 6B after completion of the processing.
[0427] Furthermore, since each processing scheduled portion 2 of the raw material 1 is expanded in a state in which
the portion 2x of each processing scheduled portion 2 of the raw material 1 corresponding to the tip end portion 20a of
the guide 20 is heated partially, only the portion 2x of each processing scheduled portion 2 of the raw material 1
corresponding to the tip end portion 20a of the guide 20 partially deteriorates in deformation resistance. Therefore, the
molding pressure can be reduced. On the other hand, since the portion 2y of each processing scheduled portion 2 of
the raw material 1 corresponding to the basal end side portion of the guide 20 rather than the tip end portion 20a of the
guide 20 is not heated, the deformation resistance does not deteriorate. Therefore, it is possible to prevent that each
end portion of the raw material 1 is crushed and deformed by the pressure from the punch 30.
[0428] Furthermore, since the portion 2x of each processing scheduled portion 2 of the raw material 1 corresponding
to the tip end portion 20a of the guide 20 is partially heated with the heat of the axial end portion of the restraining die
10 by partially induction heating with the induction heating means 81, the portion 2x of the raw material 1 can be heated
assuredly and efficiently.
[0429] And, in the sixth embodiment, the portion 2x of the raw material 1 can be heated into a half-molten state by
raising the heating temperature. In this case, the molding pressure can be reduced substantially. The upsetting in this
case is classified under the category of Thixomolding.
[0430] Furthermore, each processing scheduled portion 2 of the raw material 1 is expanded in a state in which the
portion 2y of each processing scheduled portion 2 of the raw material 1 corresponding to the basal end side portion of
the guide 20 rather than the tip end portion 20a of guide 20 is partially cooled by the cooling means 85. Therefore, the
heating of the portion 2y of the raw material 1 can be prevented assuredly, which in turn can assuredly prevent the
deterioration of the deformation resistance of the portion 2y of the raw material 1.
[0431] Therefore, according to the upsetting method of the sixth embodiment, a high quality cylindrical upsetting
manufactured product 6B having an expanded portion 4 outwardly expanded with the increased wall thickness at each
of the axial both end portions can be manufactured.
[0432] In the sixth embodiment, the portion 2x of each processing scheduled portion 2 of the raw material 1 corre-
sponding to the tip end portion 20a of the guide 20 is partially heated by partially induction heating both the axial end
portions of the restraining die 10 by the induction heating means 81. However, in the present invention, the portion 2x
of the raw material 1 can be partially induction-heated by the induction heating means 81. In this case, the portion 2x of
the raw material 1 can be heated assuredly and very efficiently. Furthermore, in this case, the restraining die 10 can be
made of hard conductive material (e.g., heat resistant metal material) having heat resistance, such as, e.g., steel material,
and also can be hard non-conductive material having heat resistance, such as, e.g., ceramics.
[0433] Furthermore, in the sixth embodiment, the number of the processing scheduled portion 2 of the rawmaterial 1
is two. However, in the present invention, the number of the processing scheduled portion 2 can be one.
[0434] Here, in the sixth embodiment, each guide 20 is moved by the driving force of the guide driving apparatus 60
at the time of the upsetting. In the present invention, however, it is not necessarily required that each guide 20 is moved
by such driving force. That is, in the present invention, each guide 20 can be moved by the pressing-back force acting
on the guide 20 caused by the pressing of the molding dented portion 12 of the material of each processing scheduled
portion 2 of the raw material 1. In this case, each guide 20 can be moved without using each guide driving apparatus
60, resulting in simplification of the upsetting apparatus 1F.
[0435] Although some embodiments of the present invention were explained above, the present invention is not limited
to the aforementioned embodiments, and the embodiments can be modified in a various manner.
[0436] For example, the upsetting apparatus according to the present invention is not limited to an apparatus for
manufacturing a preform for color members for bushes, a preform for a shank portion member for an arm for vehicles,
or a cylindrical jointing member for friction stir welding, but also can be used as an apparatus for manufacturing preforms
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for various products.
[0437] Furthermore, in the present invention, a processing scheduled portion of a raw material located at the axial
intermediate portion of the raw material can be inwardly or outwardly expanded by the upsetting method of the present
invention so that the wall thickness increases to thereby form an expanded portion at the axial central portion of the raw
material.
[0438] Furthermore, in the present invention, the processing scheduled portion of a raw material can be processed
with the raw material heated to a prescribed temperature or with the raw material not heated. That is, the upsetting
method according to the present invention can be a hot upsetting method or a cold upsetting method.
[0439] In the present invention, the restraining die and the guide can be divided members. In addition, the dividing
number and the dividing position of the restraining die and the guide can be variously set according to the shape of the
raw material and/or the upsetting manufactured product.
[0440] In the present invention, the raw material can be a cylindrical member, or an angular member for example.
[0441] Furthermore, in the present invention, the heating means 80 is not limited to the induction heating means 81,
and can be any other heating means.

Examples

[0442] Next, concrete examples of the present invention will be shown below. However, the present invention is not
limited to the examples shown here.
[0443] A cylindrical raw material 1 made of extruded material was prepared. The raw material 1 was 30 mm in internal
diameter, 40 mm in external diameter, and 5 mm in wall thickness. Each processing scheduled portion 2 of the raw
material 1 was 120 mm in length. The material of the raw material 1 was JIS (Japanese Industrial Standards) A6061
aluminum alloy.
[0444] In Example 1, the raw material 1 was subjected to the upsetting by the same method as the upsetting method
explained in the sixth embodiment using the upsetting apparatus 1F of the fourth embodiment. The molding pressure
required at the time of the upsetting was measured. The results are shown in Table 1.
[0445] In Example 2, the raw material 1 was subjected to the upsetting by the same method as the upsetting method
explained in the fourth embodiment using the upsetting apparatus 1D of the sixth embodiment. The molding pressure
required at the time of the upsetting was measured. The results are shown in Table 1.
[0446] In Example 3, the raw material 1 was subjected to the upsetting using the upsetting apparatus 1D of the fourth
embodiment. In Example 3, however, the entire raw material 1 was heated and was subjected to the upsetting. The
molding pressure required at the time of the upsetting was measured. The results are shown in Table 1.
[0447]

[0448] In Table 1, "Restraining means" denotes a means for restraining the internal peripheral surfaces of the non-
processing scheduled portion 3 and both the processing scheduled portions 2 and 2. In Example 1 , as the restraining
means, pressure fluid 95 consisting of argon gas was used. In Examples 2 and 3, as the restraining means, a core bar
40 was used.
[0449] In the "Heating mode" column, " " Partial heating " denotes the case in which the portion 2x of each processing
scheduled portion 2 of the raw material 1 corresponding to the tip end portion 20a of the guide 20 was heated
partially. "Entire heating" denotes the case in which the entire raw material 1 was heated with the heating furnace, and
then this raw material 1 in the heated state was quickly set to the upsetting apparatus 1D and subjected to the upsetting.
[0450] In the "Cooling" column, "Yes" denotes the case in which the portion 2y of each processing scheduled portion
2 of the raw material 1 corresponding to the portion of the basal end side rather than the tip end portion 20a of the guide
20 was partially cooled by each cooling means 85. "No" denotes the case in which no cooling was performed.
[0451] As shown in Table 1, when the pressure fluid 95 was used as a restricted means (Example 1), the molding
pressure could have been reduced as compared with the case (Examples 2 and 3) where the core bar 40 was used.
[0452] Furthermore, when partial heating was performed (Examples 1 and 2), the molding pressure could have been
reduced as compared with the case (Example 3) where the entire heating was performed.

[Table 1]

Restraining means Heating mode Heating temperature Cooling Forming pressure

Example 1 Pressure fluid Partial heating 500 °C Yes 1.8�107 Pa

Example 2 Core bar Partial heating 500 °C Yes 2.7�107 Pa

Example 3 Core bar Entire heating 400 °C No 4.7�107 Pa
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[0453] This application claims priority to Japanese Patent Application No. 2005-24164 filed on January 31, 2005, and
U.S. Provisional Application No. 60/649,552 filed on February 4, 2005, the entire disclosures of which are incorporated
herein by reference in their entireties.
[0454] 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

[0455] The present invention can be applied to an upsetting method for an cylindrical raw material capable of inwardly
or outwardly expanding the processing scheduled portion of the cylindrical raw material so that the wall thickness
increases, and an upsetting apparatus for a cylindrical raw material.

Claims

1. An upsetting method for a cylindrical raw material, comprising:

disposing a core bar in hollow portions of a processing scheduled portion and a non-processing scheduled
portion of the cylindrical raw material, to thereby restrain internal peripheral surfaces of the processing scheduled
portion and the non-processing scheduled portion by a peripheral surface of the core bar;
disposing the non-processing scheduled portion of the raw material in a restraining hole formed in a restraining
die and extended in an axial direction thereof, to thereby restrain an external peripheral surface of the non-
processing scheduled portion with a peripheral surface of the restraining hole;
disposing the processing scheduled portion of the raw material in a molding dented portion formed at an axial
end portion of the restraining die;
disposing the processing scheduled portion of the raw material in an insertion hole formed in a guide and
extended in the axial direction thereof; and
then, moving the guide in a direction opposite to a moving direction of a punch while pressurizing the processing
scheduled portion of the raw material with the punch in an axial direction to thereby outwardly expand the
processing scheduled portion of the raw material within the molding dented portion so that a wall thickness of
the raw material increases.

2. The upsetting method for a cylindrical raw material as recited in claim 1, wherein the guide is moved by driving force
of a guide driving apparatus.

3. The upsetting method for a cylindrical raw material as recited in claim 1, wherein "G" satisfies an equation of 

where
"P" denotes an average moving speed of the punch from the moving initiation thereof,
"G" denotes an average moving speed of the guide from the moving initiation thereof,
"X0" denotes a buckling limit length at a cross-sectional area of the processing scheduled portion of the raw material
before the upsetting,
"X" denotes an initial clearance between a tip end portion of the 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 expanded 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 design volume of the expanded portion,
"Xg" denotes a stop position of the tip end portion of the guide with respect to the bottom portion of the molding
dented portion defined by the design, and
"t0" denotes a time lag from the moving initiation of the punch to the moving initiation of the guide (0�t0).

4. The upsetting method for a cylindrical raw material as recited in claim 1, wherein the guide is moved by pressing-
back force acting on the guide generated by press-fitting the material of the processing scheduled portion of the



EP 1 844 875 A1

37

5

10

15

20

25

30

35

40

45

50

55

raw material into the molding dented portion.

5. The upsetting method for a cylindrical raw material as recited in claim 1, wherein the tip end portion of the punch is
formed into a cross-sectional shape corresponding to a cross-sectional shape of an axial end portion of the raw
material.

6. The upsetting method for a cylindrical raw material as recited in claim 1, wherein the core bar is connected to the
punch in such a manner that the core bar extends in an axial direction of the punch.

7. The upsetting method for a cylindrical raw material as recited in claim 6, wherein the core bar is connected to the
punch via an extensible device capable of being extended and contracted in an axial direction, and
wherein the extensible device is contracted with a movement of the punch.

8. The upsetting method for a cylindrical raw material as recited in claim 1, wherein the processing scheduled portion
of the raw material is expanded in a state in which the portion of the processing scheduled portion of the raw material
corresponding to the tip end portion of the guide is partially heated.

9. The upsetting method for a cylindrical raw material as recited in claim 8, wherein the portion of the processing
scheduled portion of the raw material corresponding to the tip end portion of the guide is partially induction-heated
by an induction heating means.

10. The upsetting method for a cylindrical raw material as recited in claim 8, wherein the axial end portion of the restraining
die is partially induction-heated by an induction heating means to thereby partially heat the portion of the processing
scheduled portion of the raw material corresponding to the tip end portion of the guide.

11. The upsetting method for a cylindrical raw material as recited in claim 8, wherein the portion of the processing
scheduled portion of the raw material corresponding to the tip end portion of the guide is partially heated into a half-
molten state.

12. The upsetting method for a cylindrical raw material as recited in claim 8, wherein the processing scheduled portion
of the raw material is expanded in a state in which the portion of the processing scheduled portion of the raw material
corresponding to the portion of the basal end side of the guide rather than the tip end portion of the guide is partially
cooled by a cooling means.

13. An upsetting manufactured product obtained by the upsetting method for a cylindrical raw material as recited in
claim 1.

14. An upsetting method for a cylindrical raw material, comprising:

disposing a core bar in hollow portions of a non-processing scheduled portion of an axial intermediate portion
of a cylindrical raw material and a processing scheduled portion of both axial end portions of the cylindrical raw
material, to thereby restrain internal peripheral surfaces of the non-processingscheduled portion and both the
processing scheduled portions by a peripheral surface of the core bar;
disposing the non-processing scheduled portion of the raw material in a restraining hole formed in a restraining
die and extended in an axial direction thereof, to thereby restrain an external peripheral surface of the non-
processing scheduled portion with a peripheral surface of the restraining hole;
disposing both the processing scheduled portions of the raw material in molding dented portions formed at both
axial end portions of the restraining die;
disposing each processing scheduled portion of the raw material in an insertion hole formed in a guide and
extended in the axial direction thereof; and
then, moving each guide in a direction opposite to a moving direction of the punch while simultaneously pres-
surizing each processing scheduled portion of the raw material with the punch in an axial direction to thereby
outwardly expand each processing scheduled portion of the raw material within the corresponding molding
dented portion so that a wall thickness of the raw material increases.

15. The upsetting method for a cylindrical raw material as recited in claim 14, wherein each guide is moved by driving
force of a corresponding guide driving apparatus.
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16. The upsetting method for a cylindrical raw material as recited in claim 14, wherein, in at least one of guides and a
punch corresponding to the one of guides, "G" satisfies an equation of 

where
"P" denotes an average moving speed of the punch from the moving initiation thereof,
"G" denotes an average moving speed of the guide from the moving initiation thereof,
"X0" denotes a buckling limit length at a cross-sectional area of the processing scheduled portion of the raw material
before the upsetting,
"X" denotes an initial clearance between a tip end portion of the 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 expanded 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 design volume of the expanded portion,
"Xg" denotes a stop position of the tip end portion of the guide with respect to the bottom portion of the molding
dented portion defined by the design, and
"t0" denotes a time lag from the moving initiation of the punch to the moving initiation of the guide (0�t0).

17. The upsetting method for a cylindrical raw material as recited in claim 14, wherein each guide is moved by pressing-
back force acting on the guide generated by press-fitting the material of the corresponding processing scheduled
portion of the raw material into the molding dented portion.

18. The upsetting method for a cylindrical raw material as recited in claim 14, wherein the tip end portion of each punch
is formed into a cross-sectional shape corresponding to a cross-sectional shape of a corresponding axial end portion
of the raw material.

19. The upsetting method for a cylindrical raw material as recited in claim 14, wherein the core bar is divided into divided
core bar halves at the axial intermediate portion thereof, and
wherein each core bar half is connected to a corresponding punch with the divided core bar half extended in an
axial direction of the punch.

20. The upsetting method for a cylindrical raw material as recited in claim 19, wherein each core bar half is connected
to the corresponding punch via an extensible device capable of being extended and contracted in an axial direction,
and
wherein each extensible device is contracted with a movement of the corresponding punch.

21. The upsetting method for a cylindrical raw material as recited in claim 14, wherein each processing scheduled portion
of the raw material is expanded in a state in which the portion of each processing scheduled portion of the raw
material corresponding to the tip end portion of the guide is partially heated.

22. The upsetting method for a cylindrical raw material as recited in claim 21, wherein the portion of each processing
scheduled portion of the raw material corresponding to the tip end portion of the guide is partially induction-heated
by an induction heating means.

23. The upsetting method for a cylindrical raw material as recited in claim 21, wherein both the axial end portions of the
restraining die are partially induction-heated by induction heating means to thereby partially heat the portion of each
processing scheduled portion of the raw material corresponding to the tip end portion of the guide.

24. The upsetting method for a cylindrical raw material as recited in claim 21, wherein the portion of each processing
scheduled portion of the raw material corresponding to the tip end portion of the guide is partially heated into a half-
molten state.

25. The upsetting method for a cylindrical raw material as recited in claim 21, wherein each processing scheduled portion
of the raw material is expanded in a state in which the portion of each processing scheduled portion of the raw
material corresponding to the portion of the basal end side of the guide rather than the tip end portion of the guide
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is partially cooled by a cooling means.

26. An upsetting manufactured product obtained by the upsetting method for a cylindrical raw material as recited in
claim 14.

27. An upsetting method for a cylindrical raw material, comprising:

preparing a core bar having a core bar main body and a small diameter portion formed at an axial end portion
of the core bar main body and smaller in diameter than the core bar main body;
disposing the core bar main body and the small diameter portion of the core bar in a hollow portion of a non-
processing scheduled portion of a cylindrical raw material and a hollow portion of the processing scheduled
portion of the cylindrical raw material, respectively, to thereby restrain the internal peripheral surface of the non-
processing scheduled portion by a peripheral surface of the core bar main body and form a molding dented
portion between an internal peripheral surface of the processing scheduled portion and the small diameter
portion;
disposing the processing scheduled portion and the non-processing scheduled portion of the raw material in a
restraining hole formed in a restraining die and extended in an axial direction, to thereby restrain external
peripheral surfaces of the processing scheduled portion and the non-processing scheduled portion by a periph-
eral surface of the restraining hole;
disposing a guide in the hollow portion of the processing scheduled portion of the raw material, to thereby
restrain the internal peripheral surface of the processing scheduled portion by the peripheral surface of the
guide; and
then, moving the guide in a direction opposite to a moving direction of the punch while pressurizing the processing
scheduled portion of the raw material with the punch in an axial direction to thereby inwardly expand the process-
ing scheduled portion of the raw material within the molding dented portion so that a wall thickness of the raw
material increases.

28. The upsetting method for a cylindrical raw material as recited in claim 27, wherein the guide is moved by driving
force of a guide driving apparatus.

29. The upsetting method for a cylindrical raw material as recited in claim 27, wherein "G" satisfies an equation of 

where
"P" denotes an average moving speed of the punch from the moving initiation thereof,
"G" denotes an average moving speed of the guide from the moving initiation thereof,
"X0" denotes a buckling limit length at a cross-sectional area of the processing scheduled portion of the raw material
before the upsetting,
"X" denotes an initial clearance between a tip end portion of the 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 expanded 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 design volume of the expanded portion,
"Xg" denotes a stop position of the tip end portion of the guide with respect to the bottom portion of the molding
dented portion defined by the design, and
"t0" denotes a time lag from the moving initiation of the punch to the moving initiation of the guide (0�t0)·

30. The upsetting method for a cylindrical raw material as recited in claim 27, wherein the guide is moved by pressing-
back force acting on the guide generated by press-fitting the material of the processing scheduled portion of the
raw material into the molding dented portion.

31. The upsetting method for a cylindrical raw material as recited in claim 27, wherein the tip end portion of the punch
is formed into a cross-sectional shape corresponding to a cross-sectional shape of an axial end portion of the raw
material.
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32. The upsetting method for a cylindrical raw material as recited in claim 27, wherein the core bar is connected to the
guide in such a manner that the core bar extends in an axial direction of the guide.

33. The upsetting method for a cylindrical raw material as recited in claim 32, wherein the core bar is connected to the
guide via an extensible device capable of being extended and contracted in an axial direction, and
wherein the extensible device is extended with a movement of the guide.

34. The upsetting method for a cylindrical raw material as recited in claim 27, wherein the processing scheduled portion
of the raw material is expanded in a state in which the portion of the processing scheduled portion of the raw material
corresponding to the tip end portion of the guide is partially heated.

35. The upsetting method for a cylindrical raw material as recited in claim 34, wherein the portion of the processing
scheduled portion of the raw material corresponding to the tip end portion of the guide is partially induction-heated
by an induction heating means.

36. The upsetting method for a cylindrical raw material as recited in claim 34, wherein the axial end portion of the
restraining die is partially induction-heated by an induction heating means to thereby partially heat the portion of the
processing scheduled portion of the raw material corresponding to the tip end portion of the guide.

37. The upsetting method for a cylindrical raw material as recited in claim 34, wherein the portion of the processing
scheduled portion of the raw material corresponding to the tip end portion of the guide is partially heated into a half-
molten state.

38. The upsetting method for a cylindrical raw material as recited in claim 34, wherein the processing scheduled portion
of the raw material is expanded in a state in which the portion of the processing scheduled portion of the raw material
corresponding to the portion of the basal end side of the guide rather than the tip end portion of the guide is partially
cooled by a cooling means.

39. A cylindrical upsetting manufactured product obtained by the upsetting method for a cylindrical raw material as
recited in claim 27.

40. An upsetting apparatus for a cylindrical raw material for outwardly expanding a processing scheduled portion of the
cylindrical raw material so that a wall thickness of the processing scheduled portion increases, the upsetting appa-
ratus, comprising:

a core bar disposed in hollow portions of the processing scheduled portion and a non-processing scheduled
portion of the cylindrical raw material;
a restraining die having a restraining hole extended in an axial direction, wherein the non-processing scheduled
portion of the raw material is to be disposed in the restraining hole;
a molding dented portion formed at an axial end portion of the restraining die;
a guide having an insertion hole extended in an axial direction,

wherein the processing scheduled portion of the raw material is to be disposed in the insertion hole; and
a punch for pressurizing the processing scheduled portion of the raw material in the axial direction,
wherein the guide is movable in a direction opposite to a moving direction of the punch.

41. The upsetting apparatus for a cylindrical raw material as recited in claim 40, further comprising a guide driving
apparatus for moving the guide in a direction opposite to the moving direction of the punch.

42. The upsetting apparatus for a cylindrical raw material as recited in claim 40, wherein the tip end portion of the punch
is formed into a cross-sectional shape corresponding to a cross-sectional shape of an axial end portion of the raw
material.

43. The upsetting apparatus for a cylindrical raw material as recited in claim 40, wherein the core bar is connected to
the punch in such a manner that the core bar extends in an axial direction of the punch.

44. The upsetting apparatus for a cylindrical raw material as recited in claim 43, wherein the core bar is connected to
the punch via an extensible device capable of being extended and contracted in an axial direction.



EP 1 844 875 A1

41

5

10

15

20

25

30

35

40

45

50

55

45. The upsetting apparatus for a cylindrical raw material as recited in claim 44, wherein the punch is equipped with the
extensible device therein.

46. The upsetting apparatus for a cylindrical raw material as recited in claim 44, wherein the extensible device has a
fluid pressure cylinder or a spring capable of being extended and contracted in an axial direction.

47. The upsetting apparatus for a cylindrical raw material as recited in claim 40, wherein chamfering work is given to
the insertion hole opening edge portion of the tip end portion of the guide.

48. The upsetting apparatus for a cylindrical raw material as recited in claim 40, further comprising a heating means for
partially heating the portion of the processing scheduled portion of the raw material corresponding to the tip end
portion of the guide.

49. The upsetting apparatus for a cylindrical raw material as recited in claim 48, wherein the heating means is an
induction heating means configured to partially induction-heat the portion of the processing scheduled portion of
the raw material corresponding to the tip end portion of the guide.

50. The upsetting apparatus for a cylindrical raw material as recited in claim 48, wherein the heating means is an
induction heating means configured to partially induction-heat the axial end portion of the restraining die to thereby
partially heat the portion of the processing scheduled portion of the raw material corresponding to the tip end portion
of the guide.

51. The upsetting apparatus for a cylindrical raw material as recited in claim 48, wherein the heating means is capable
of partially heating the portion of the processing scheduled portion of the raw material corresponding to the tip end
portion of the guide into a half-molten state.

52. The upsetting apparatus for a cylindrical raw material as recited in claim 48, further comprising a cooling means
configured to partially cool the portion of the processing scheduled portion of the raw material corresponding to the
portion of the basal end side of the guide rather than the tip end portion of the guide.

53. An upsetting apparatus for a cylindrical raw material for outwardly expanding processing scheduled portions of both
axial end portions of the cylindrical raw material so that a wall thickness of each processing scheduled portion
increases, the upsetting apparatus, comprising:

a core bar disposed in hollow portions of a non-processing scheduled potion of an axial intermediate portion of
the cylindrical raw material and the processing scheduled portion of both axial end portions of the cylindrical
raw material;
a restraining die having a restraining hole extended in an axial direction, wherein the non-processing scheduled
portion of the raw material is to be disposed in the restraining hole;
two molding dented portions formed at axial both end portions of the restraining die;
two guides each having an insertion hole extended in an axial direction, wherein each processing scheduled
portion of the raw material is to be disposed in the insertion hole; and
two punches each for pressurizing each processing scheduled portion of the raw material in the axial direction,
wherein each guide is movable in a direction opposite to a moving direction of the punch.

54. The upsetting apparatus for a cylindrical raw material as recited in claim 53, further comprising two guide driving
apparatuses each for moving the corresponding guide in a direction opposite to the moving direction of the punch.

55. The upsetting apparatus for a cylindrical raw material as recited in claim 53, wherein the tip end portion of each
punch is formed into a cross-sectional shape corresponding to a cross-sectional shape of a corresponding axial
end portion of the raw material.

56. The upsetting apparatus for a cylindrical raw material as recited in claim 53, wherein the core bar is divided into
divided core bar halves at the axial intermediate portion thereof, and
wherein each core bar half is connected to a corresponding punch with the divided core bar half extended in an
axial direction of the punch.

57. The upsetting apparatus for a cylindrical raw material as recited in claim 56, wherein each core bar half is connected
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to the corresponding punch via an extensible device capable of being extended and contracted in an axial direction.

58. The upsetting apparatus for a cylindrical raw material as recited in claim 57, wherein each punch is equipped with
the corresponding extensible device therein.

59. The upsetting apparatus for a cylindrical raw material as recited in claim 57, wherein the extensible device has a
fluid pressure cylinder or a spring capable of being extended and contracted in an axial direction.

60. The upsetting apparatus for a cylindrical raw material as recited in claim 53, wherein chamfering work is given to
the insertion hole opening edge portion of the tip end portion of each guide.

61. The upsetting apparatus for a cylindrical raw material as recited in claim 53, further comprising two heating means
each for partially heating the portion of each processing scheduled portion of the raw material corresponding to the
tip end portion of the guide.

62. The upsetting apparatus for a cylindrical raw material as recited in claim 61, wherein each heating means is an
induction heating means configured to partially induction-heat the portion of each processing scheduled portion of
the raw material corresponding to the tip end portion of the guide.

63. The upsetting apparatus for a cylindrical raw material as recited in claim 61, wherein each heating means is an
induction heating means configured to partially induction-heat both the axial end portions of the restraining die to
thereby partially heat the portion of each processing scheduled portion of the raw material corresponding to the tip
end portion of the guide.

64. The upsetting apparatus for a cylindrical raw material as recited in claim 61, wherein each heating means is capable
of partially heating the portion of the processing scheduled portion of the raw material corresponding to the tip end
portion of the guide into a half-molten state.

65. The upsetting apparatus for a cylindrical raw material as recited in claim 61, further comprising two cooling means
each configured to partially cool the portion of each processing scheduled portion of the raw material corresponding
to the portion of the basal end side of the guide rather than the tip end portion of the guide.

66. An upsetting apparatus for a cylindrical raw material for inwardly expanding a processing scheduled portion of a
cylindrical raw material so that a wall thickness increases, the upsetting apparatus, comprising:

a core bar having a core bar main body and a small diameter portion formed at an axial end portion of the core
bar main body and smaller in diameter than the core bar main body, wherein the core bar main body and the
small diameter portion are disposed in a hollow portion of the processing scheduled portion of the cylindrical
raw material and a hollow portion of a non-processing scheduled portion of the cylindrical raw material, respec-
tively, to thereby form a molding dented portion between an internal peripheral surface of the non-processing
scheduled portion and the small diameter portion;
a restraining die having a restraining hole extended in an axial direction, wherein the processing scheduled
portion and the non-processing scheduled portion of the raw material are to be disposed in the restraining hole;
a guide to be disposed in the hollow portion of the processing scheduled portion of the raw material; and
a punch configured to pressurize the processing scheduled portion of the raw material in an axial direction,
wherein the guide is movable in a direction opposite to a moving direction of the punch.

67. The upsetting apparatus for a cylindrical raw material as recited in claim 66, further comprising a guide driving
apparatus for moving the guide in a direction opposite to the moving direction of the punch.

68. The upsetting apparatus for a cylindrical raw material as recited in claim 66, wherein the tip end portion of the punch
is formed into a cross-sectional shape corresponding to a cross-sectional shape of an axial end portion of the raw
material.

69. The upsetting apparatus for a cylindrical raw material as recited in claim 66, wherein the guide is disposed in a
hollow portion formed in the punch and extended in an axial direction in a manner such that the guide is movable
in an axial direction of the punch.
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70. The upsetting apparatus for a cylindrical raw material as recited in claim 66, wherein the core bar is connected to
the guide in such a manner that the core bar extends in an axial direction of the guide.

71. The upsetting apparatus for a cylindrical raw material as recited in claim 70, wherein the core bar is connected to
the guide via an extensible device capable of being extended and contracted in an axial direction.

72. The upsetting apparatus for a cylindrical raw material as recited in claim 71, wherein the guide is equipped with the
extensible device therein.

73. The upsetting apparatus for a cylindrical raw material as recited in claim 71 , wherein the extensible device has a
fluid pressure cylinder or a spring capable of being extended and contracted in an axial direction.

74. The upsetting apparatus for a cylindrical raw material as recited in claim 66, wherein chamfering work is given to a
peripheral edge portion of a tip end portion of the guide.

75. The upsetting apparatus for a cylindrical raw material as recited in claim 66, further comprising a heating means for
partially heating the portion of the processing scheduled portion of the raw material corresponding to the tip end
portion of the guide.

76. The upsetting apparatus for a cylindrical raw material as recited in claim 75, wherein the heating means is an
induction heating means configured to partially induction-heat the portion of the processing scheduled portion of
the raw material corresponding to the tip end portion of the guide.

77. The upsetting apparatus for a cylindrical raw material as recited in claim 75, wherein the heating means is an
induction heating means configured to partially induction-heat the axial end portion of the restraining die to thereby
partially heat the portion of the processing scheduled portion of the raw material corresponding to the tip end portion
of the guide.

78. The upsetting apparatus for a cylindrical raw material as recited in claim 75, wherein the heating means is capable
of partially heating the portion of the processing scheduled portion of the raw material corresponding to the tip end
portion of the guide into a half-molten state.

79. The upsetting apparatus for a cylindrical raw material as recited in claim 75, further comprising a cooling means
configured to partially cool the portion of the processing scheduled portion of the raw material corresponding to the
portion of the basal end side of the guide rather than the tip end portion of the guide.

80. An upsetting method for a cylindrical raw material, comprising:

filling hollow portions of a processing scheduled portion and a non-processing scheduled portion of a cylindrical
raw material with pressure fluid, to thereby pressurize and restrain internal peripheral surfaces of the processing
scheduled portion and the non-processing scheduled portion with the fluid pressure;
disposing the non-processing scheduled portion of the raw material in a restraining hole formed in a restraining
die and extended in an axial direction, to thereby restrain an external peripheral surface of the non-processing
scheduled portion with a peripheral surface of the restraining hole;
disposing the processing scheduled portion of the raw material in a molding dented portion formed at an axial
end portion of the restraining die;
disposing the processing scheduled portion of the raw material in an insertion hole formed in a guide and
extended in an axial direction;
then, moving the guide in a direction opposite to a moving direction of the punch while pressurizing the processing
scheduled portion of the raw material with the punch in an axial direction to thereby outwardly expand the
processing scheduled portion of the raw material within the molding dented portion so that a wall thickness of
the raw material increases.

81. An upsetting method for a cylindrical raw material as recited in claim 80, wherein the guide is moved by driving force
of a guide driving apparatus.

82. The upsetting method for a cylindrical raw material as recited in claim 80, wherein "G" satisfies an equation of 
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where
"P" denotes an average moving speed of the punch from the moving initiation thereof,
"G" denotes an average moving speed of the guide from the moving initiation thereof,
"X0" denotes a buckling limit length at a cross-sectional area of the processing scheduled portion of the raw material
before the upsetting,
"X" denotes an initial clearance between a tip end portion of the 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 expanded 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 design volume of the expanded portion,
"Xg" denotes a stop position of the tip end portion of the guide with respect to the bottom portion of the molding
dented portion defined by the design, and
"t0" denotes a time lag from the moving initiation of the punch to the moving initiation of the guide (0�t0).

83. The upsetting method for a cylindrical raw material as recited in claim 80, wherein the guide is moved by pressing-
back force acting on the guide generated by press-fitting the material of the processing scheduled portion of the
raw material into the molding dented portion.

84. The upsetting method for a cylindrical raw material as recited in claim 80, wherein the tip end portion of the punch
is formed into a cross-sectional shape corresponding to a cross-sectional shape of an axial end portion of the raw
material.

85. The upsetting method for a cylindrical raw material as recited in claim 80, wherein the processing scheduled portion
of the raw material is expanded in a state in which the portion of the processing scheduled portion of the raw material
corresponding to the tip end portion of the guide is partially heated.

86. The upsetting method for a cylindrical raw material as recited in claim 85, wherein the portion of the processing
scheduled portion of the raw material corresponding to the tip end portion of the guide is partially induction-heated
by an induction heating means.

87. The upsetting method for a cylindrical raw material as recited in claim 85, wherein the axial end portion of the
restraining die is partially induction-heated by an induction heating means to thereby partially heat the portion of the
processing scheduled portion of the raw material corresponding to the tip end portion of the guide.

88. The upsetting method for a cylindrical raw material as recited in claim 85, wherein the portion of the processing
scheduled portion of the raw material corresponding to the tip end portion of the guide is partially heated into a half-
molten state.

89. The upsetting method for a cylindrical raw material as recited in claim 85, wherein the processing scheduled portion
of the raw material is expanded in a state in which the portion of the processing scheduled portion of the raw material
corresponding to the portion of the basal end side of the guide rather than the tip end portion of the guide is partially
cooled by a cooling means.

90. A cylindrical upsetting manufactured product obtained by the upsetting method for a cylindrical raw material as
recited in claim 80.

91. An upsetting method for a cylindrical raw material, comprising:

filling hollow portions of a non-processing scheduled potion of an axial intermediate portion of the cylindrical
raw material and a processing scheduled portion of both axial end portions of the cylindrical raw material with
pressure fluid, to thereby pressurize and restrain internal peripheral surfaces of the processing scheduled portion
and the non-processing scheduled portion with the fluid pressure;
disposing the non-processing scheduled portion of the raw material in a restraining hole formed in a restraining
die and extended in an axial direction, to thereby restrain an external peripheral surface of the non-processing
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scheduled portion with a peripheral surface of the restraining hole;
disposing both the processing scheduled portions of the raw material in molding dented portions formed at both
axial end portions of the restraining die;
disposing each processing scheduled portion of the rawmaterial in an insertion hole formed in a guide and
extended in an axial direction;
then, moving each guide in a direction opposite to a moving direction of the punch while simultaneously pres-
surizing each processing scheduled portion of the raw material with the punch in an axial direction to thereby
outwardly expand each processing scheduled portion of the raw material within the corresponding molding
dented portion so that a wall thickness of the raw material increases.

92. The upsetting method for a cylindrical raw material as recited in claim 91, wherein each guide is moved by driving
force of a corresponding guide driving apparatus.

93. The upsetting method for a cylindrical raw material as recited in claim 91, wherein, in at least one of guides and a
punch corresponding to the one of guides, "G" satisfies an equation of 

where
"P" denotes an average moving speed of the punch from the moving initiation thereof,
"G" denotes an average moving speed of the guide from the moving initiation thereof,
"X0" denotes a buckling limit length at a cross-sectional area of the processing scheduled portion of the raw material
before the upsetting,
"X" denotes an initial clearance between a tip end portion of the 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 expanded 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 design volume of the expanded portion,
"Xg" denotes a stop position of the tip end portion of the guide with respect to the bottom portion of the molding
dented portion defined by the design, and
"t0" denotes a time lag from the moving initiation of the punch to the moving initiation of the guide (0�t0).

94. The upsetting method for a cylindrical raw material as recited in claim 91, wherein each guide is moved by pressing-
back force acting on the guide generated by press-fitting the material of the corresponding processing scheduled
portion of the rawmaterial into the molding dented portion.

95. The upsetting method for a cylindrical raw material as recited in claim 91, wherein the tip end portion of each punch
is formed into a cross-sectional shape corresponding to a cross-sectional shape of a corresponding axial end portion
of the raw material.

96. The upsetting method for a cylindrical raw material as recited in claim 91, wherein each processing scheduled portion
of the raw material is expanded in a state in which the portion of each processing scheduled portion of the raw
material corresponding to the tip end portion of the guide is partially heated.

97. The upsetting method for a cylindrical raw material as recited in claim 96, wherein the portion of each processing
scheduled portion of the raw material corresponding to the tip end portion of the guide is partially induction-heated
by an induction heating means.

98. The upsetting method for a cylindrical raw material as recited in claim 96, wherein both the axial end portions of the
restraining die are partially induction-heated by induction heating means to thereby partially heat the portion of each
processing scheduled portion of the raw material corresponding to the tip end portion of the guide.

99. The upsetting method for a cylindrical raw material as recited in claim 96, wherein the portion of each processing
scheduled portion of the raw material corresponding to the tip end portion of the guide is partially heated into a half-
molten state.
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100.The upsetting method for a cylindrical raw material as recited in claim 96, wherein each processing scheduled
portion of the raw material is expanded in a state in which the portion of each processing scheduled portion of the
raw material corresponding to the portion of the basal end side of the guide rather than the tip end portion of the
guide is partially cooled by a cooling means.

101.A cylindrical upsetting manufactured product obtained by the upsetting method for a cylindrical raw material as
recited in claim 91.

102.An upsetting apparatus for a cylindrical raw material for outwardly expanding a processing scheduled portion of the
cylindrical raw material so that a wall thickness of the processing scheduled portion increases, the upsetting appa-
ratus, comprising:

a pressure fluid filling means configured to fill hollow portions of a processing scheduled portion and a non-
processing scheduled portion of the cylindrical raw material with pressure fluid;
a restraining die having a restraining hole extended in an axial direction, wherein the non-processing scheduled
portion of the raw material is to be disposed in the restraining hole;
a molding dented portion formed in an axial end portion of the restraining die;
a guide having an insertion hole extended in an axial direction, wherein the processing scheduled portion of
the raw material is to be disposed in the insertion hole; and
a punch for pressurizing the processing scheduled portion of the raw material in the axial direction,
wherein the guide is movable in a direction opposite to a moving direction of the punch.

103.The upsetting apparatus for a cylindrical raw material as recited in claim 102, further comprising a guide driving
apparatus for moving the guide in a direction opposite to the moving direction of the punch.

104.The upsetting apparatus for a cylindrical raw material as recited in claim 102, wherein the tip end portion of the
punch is formed into a cross-sectional shape corresponding to a cross-sectional shape of an axial end portion of
the raw material.

105.The upsetting apparatus for a cylindrical raw material as recited in claim 102, wherein chamfering work is given to
the insertion hole opening edge portion of the tip end portion of the guide.

106.The upsetting apparatus for a cylindrical raw material as recited in claim 102, further comprising a heating means
for partially heating the portion of the processing scheduled portion of the raw material corresponding to the tip end
portion of the guide.

107.The upsetting apparatus for a cylindrical raw material as recited in claim 106, wherein the heating means is an
induction heating means configured to partially induction-heat the portion of the processing scheduled portion of
the raw material corresponding to the tip end portion of the guide.

108.The upsetting apparatus for a cylindrical raw material as recited in claim 106, wherein the heating means is an
induction heating means configured to partially induction-heat the axial end portion of the restraining die to thereby
partially heat the portion of the processing scheduled portion of the raw material corresponding to the tip end portion
of the guide.

109.The upsetting apparatus for a cylindrical raw material as recited in claim 106, wherein the heating means is capable
of partially heating the portion of the processing scheduled portion of the raw material corresponding to the tip end
portion of the guide into a half-molten state.

110.The upsetting apparatus for a cylindrical raw material as recited in claim 106, further comprising a cooling means
configured to partially cool the portion of the processing scheduled portion of the raw material corresponding to the
portion of the basal end side of the guide rather than the tip end portion of the guide.

111.An upsetting apparatus for a cylindrical raw material for outwardly expanding processing scheduled portions of both
axial end portions of the cylindrical raw material so that a wall thickness of the processing scheduled portion increases,
the upsetting apparatus, comprising:

a pressure fluid filling means configured to fill hollow portions of a non-processing scheduled portion of an axial
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intermediate portion of the cylindrical raw material and processing scheduled portions of both axial end portions
of the cylindrical raw material with pressure fluid;
a restraining die having a restraining hole extended in an axial direction, wherein the non-processing scheduled
portion of the raw material is to be disposed in the restraining hole;
two molding dented portions formed at both axial end portions of the restraining die;
two guides each having an insertion hole extended in an axial direction, wherein the processing scheduled
portion of the raw material is to be disposed in the insertion hole; and
two punches each for pressurizing the processing scheduled portion of the raw material in the axial direction,
wherein each guide is movable in a direction opposite to a moving direction of the punch.

112.The upsetting apparatus for a cylindrical raw material as recited in claim 111, further comprising two guide driving
apparatuses each for moving the corresponding guide in a direction opposite to the moving direction of the punch.

113.The upsetting apparatus for a cylindrical raw material as recited in claim 111 , wherein the tip end portion of each
punch is formed into a cross-sectional shape corresponding to a cross-sectional shape of a corresponding axial
end portion of the raw material.

114.The upsetting apparatus for a cylindrical raw material as recited in claim 111, wherein chamfering work is given to
the insertion hole opening edge portion of the tip end portion of each guide.

115.The upsetting apparatus for a cylindrical raw material as recited in claim 111, further comprising two heating means
each for partially heating the portion of each processing scheduled portion of the raw material corresponding to the
tip end portion of the guide.

116.The upsetting apparatus for a cylindrical raw material as recited in claim 115, wherein each heating means is an
induction heating means configured to partially induction-heat the portion of each processing scheduled portion of
the raw material corresponding to the tip end portion of the guide.

117.The upsetting apparatus for a cylindrical raw material as recited in claim 115, wherein each heating means is an
induction heating means configured to partially induction-heat both the axial end portions of the restraining die to
thereby partially heat the portion of the processing scheduled portion of the raw material corresponding to the tip
end portion of the guide.

118.The upsetting apparatus for a cylindrical raw material as recited in claim 115, wherein each heating means is capable
of partially heating the portion of the processing scheduled portion of the raw material corresponding to the tip end
portion of the guide into a half-molten state.

119.The upsetting apparatus for a cylindrical raw material as recited in claim 115, further comprising two cooling means
each configured to partially cool the portion of each processing scheduled portion of the raw material corresponding
to the portion of the basal end side of the guide rather than the tip end portion of the guide.
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