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(54) SWAGING METHOD AND SWAGING APPARATUS

(57)  An upsetting method high in productivity of an
upsetting manufactured product is provided. An extruder
11 and a closed-die 20 divided into two pieces are pre-
pared. The divided members 21 and 21 of the closed-die
are combined with each other so that the tip end portion
of an extrusion nozzle 13 is arranged in a cavity 25 of
the closed-die 20 with the extruded raw material 1 ex-
truded from the extrusion opening 15 of the extrusion
nozzle 13 of the extruder 11. With this, the closed-die 20
is formed, and the extruded raw material 1 is clamped
by and between clamping portions 22 and 22 provided
at both the divided members 21 and 21. Subsequently,

Fig. 1B

while extruding the extruded raw material 1 from the ex-
trusion opening 15 of the extrusion nozzle 13 by the ex-
truder 11, both the divided members 21 and 21 are moved
in the forward direction with respect to the extrusion di-
rection of the extruded raw material 1 at a speed slower
than the extrusion speed in a state in which the extruded
raw material 1 is clamped by and between the clamping
portions 22 and 22 of both the divided members 21 and
21. Thereby, the exposed portion 2 of the extruded raw
material 1 exposed between the extrusion opening 15 of
the extrusion nozzle 13 and the clamping portions 22 of
both the divided members 21 and 21 is expanded in di-
ameter in the cavity 25.
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Description
Technical Field

[0001] The present invention relates to an upsetting
method and an upsetting apparatus used in manufactur-
ing a product having a diameter expanded portion, such
as, e.g. ,anarm, a connecting rod, or a piston for vehicles
(e.g., cars, railroad vehicles, etc.).

Background Art

[0002] In general, upsetting is executed to expand a
diameter of a processing scheduled portion of a bar-
shaped raw material by pressurizing the raw material in
the axial direction thereof. In this upsetting, if the material
buckles during the upsetting, the obtained product (up-
setting manufactured product) becomes poor in shape
(e.g., wrinkles, scratches, etc.), which causes degrada-
tion in value as a product. Therefore, in order to prevent
the occurrence of such buckling, the following upsetting
method is conventionally known.

[0003] Thatis, inthis method, araw material is secured
to a fixing 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. Sub-
sequently, the guide is moved in a direction opposite to
a punch moving direction while pressurizing the process-
ing scheduled portion of the raw material in the axial di-
rection with a punch, to thereby radially expand the
processing scheduled portion of the rawmaterial ex-
posed between the tip end portion of the guide and the
fixing die (see Patent Documents 1 to 4).

[0004] In this upsetting method, in cases where the
diameter expansion scheduled portion of the raw material
is expanded within a cavity (molding dented portion) of
a closed-die, this upsetting method is classified into the
category of a constrain upsetting method. According to
this constrain upsetting method, it is possible to manu-
facture a preform having a configuration as close as pos-
sible to a desired product configuration. Consequently,
there is an advantage that the material yield can be im-
proved and the number of manufacturing steps can be
reduced.

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

Patent Document 2: Japanese translation of PCT
international application No. HO7-506768

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

Patent Document 4: Japanese Unexamined Laid-
open Patent Publication No. 2005-144554
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Disclosure of Invention
Problems to be Solved by Invention

[0005] In the upsetting, a raw material made of, for
example, an extruded material is used. In the case of
manufacturing an upsetting manufactured product by the
above-mentioned conventional constrain upsetting
method using the raw material, the raw material is initially
extruded by an extruder. Thereafter, the obtained raw
extruded material is conveyed to a constrain upsetting
apparatus and set thereto. And then, upsetting is exe-
cuted to this set raw material. In other words, the step of
manufacturing the raw material and the step of upsetting
the raw material were performed separately, and there-
fore the upsetting manufactured product was low in pro-
ductivity.

[0006] The presentinvention was made in view of the
aforementioned technical background, and aims to pro-
vide an upsetting method high in productivity of a upset-
ting manufactured product, an upsetting manufactured
product obtained by the method, and an upsetting appa-
ratus used for the method.

[0007] Other objects and advantages of the present
invention will be apparent from the following preferred
embodiments.

Means for solving the Problem

[0008] The present invention provides the following
means.
[0009] An upsetting method using an extruder

equipped with an extrusion nozzle having an extrusion
opening at a tip end portion of the extrusion nozzle and
a closed-die having a cavity, the closed-die being divided
into a plurality of closed-die divided members, the upset-
ting method, comprising:

a clamping step of forming the closed-die by com-
bining the plurality of closed-die divided members
so that the tip end portion of the extrusion nozzle is
arranged in the cavity with an extruded raw material
extruded from the extrusion opening of the extrusion
nozzle of the extruder and clamping the extruded
raw material with clamping portions provided at the
plurality of closed-die divided members; and

a diameter expansion step of extruding the extruded
raw material from the extrusion opening of the ex-
trusion nozzle with the extruder and expanding an
exposed portion of the extruded raw material ex-
posed between the extrusion opening of the extru-
sion nozzle and the clamping portions of the plurality
of divided members while filling the cavity with a ma-
terial of the exposed portion by moving the plurality
of closed-die divided members in a forward direction
with respect to an extrusion direction of the extruded
raw material relative to the extrusion opening of the
extrusion nozzle at a speed slower than an extrusion
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speed with the extruded raw material clamped by
and between the clamping portions of the plurality
of divided members.

[0010] The upsetting method as recited in the afore-
mentioned Item 1, wherein at the clamping step, the ex-
truded raw material is clamped by and between the
clamping portions of the plurality of divided members at
a position where a length of the exposed portion of the
extruded raw material is not longer than a buckling limit
length of the exposed portion.

[0011] The upsetting method as recited in the afore-
mentioned Item 1 or 2, wherein at the diameter expansion
step, a time lag is set between initiation of clamping the
extruded raw material by the clamping portions of the
pluralityof dividedmembers at the clamping step and in-
itiation of moving the plurality of divided members.
[0012] The upsetting method as recited in the afore-
mentioned Item 3, wherein a clamped portion of the ex-
truded raw material or a portion of the extruded raw ma-
terial located ahead of the clamped portion is cut during
the time lag with the extruded material clamped by and
between the clamping portions of the plurality of divided
members.

[0013] The upsetting method as recited in any one of
the aforementioned ltems 1 to 4, wherein a slip preven-
tion means is provided at the clamping portion of at least
one of the plurality of divided members.

[0014] The upsetting method as recited in the afore-
mentioned Item 5, wherein a biting protrusion for biting
the extruded raw material as the slip prevention means
is provided at the clamping portion of at least one of the
plurality of divided members.

[0015] The upsetting method as recited in any one of
the aforementioned Items 1 to 6, further comprising:

a clamp release step of releasing clamping of the
extruded raw material by the clamping portions of
the plurality of divided members after the diameter
expansion step; and

areturn step of returning the plurality of divided mem-
bers to the initial position after the clamp releasing
step,

wherein the clamping step, the diameter expansion step,
the clamp releasing step, and the return step are repeat-
edly performed in order.

[0016] Anupsetting manufactured product obtained by
the upsetting method as recited in any one of the afore-
mentioned Items 1 to 7.

[0017] An upsetting apparatus, comprising:

an extruder provided with an extrusion nozzle having
an extrusion opening at a tip end portion of the ex-
trusion nozzle, an extruded raw material being ex-
truded from the extrusion opening of the extrusion
nozzle;

a closed-die having a cavity, the closed-die being
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divided into a plurality of closed-die divided mem-
bers;

a divided member combining device for combining
the plurality of closed-die divided members so that
the closed-die is formed; and

a driving device for moving the plurality of divided
members in a forward direction with respect to an
extrusion direction of the extruded raw material by
the extruder relative to the extrusion opening of the
extrusion nozzle at a speed slower than an extrusion
speed with the plurality of divided members com-
bined,

wherein the plurality of divided members are provided
with a clamping portion, respectively, and

wherein the extruded material is clamped by the clamping
portions of the plurality of divided members when the
plurality of divided members are combined by the divided
member combining device.

[0018] The upsetting apparatus as recited in the afore-
mentioned Item 9, further comprising a cutting device for
cutting a clamped portion of the extruded raw material
clamped by and between the clamping portions of the
plurality of divided members or a portion of the extruded
raw material located ahead of the clamped portion.
[0019] The upsetting apparatus as recited in the afore-
mentioned Item 9 or 10, wherein the clamping portion of
atleastone of the plurality of divided members is provided
with a slip prevention means.

[0020] The upsetting apparatus as recited in the afore-
mentioned Item 11, wherein the clamping portion of at
least one of the divided members is provided with a biting
protrusion for biting the extruded raw material as the slip
prevention means.

[0021] The upsetting apparatus as recited in any one
of the aforementioned ltems 9 to 12, wherein the divided
member combining device is further configured to detach
the plurality of divided members combined each other,
and wherein the driving device is further configured to
return the plurality of divided members moved in the for-
ward direction with respect to the extrusion direction of
the extruded raw material relative to the extrusion open-
ing of the extrusion nozzle to their initial positions.

Effects of Invention

[0022] The presentinvention has the following effects.
[0023] According to the invention of Item [1], the step
of manufacturing the extruded raw material and the step
of upsetting the extruded raw material can be performed
continuously, which improves the productivity of the up-
setting manufactured product.

[0024] Furthermore, since the extrusion force of the
extruder is used as a force for pressurizing the extruded
raw material in the axial direction to expand the diameter
of the exposed portion (i.e., the diameter expansion
scheduled portion) of the extruded raw material, a punch
and its driving device for pressurizing the raw material in
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the axial direction, which was used in a conventional up-
setting method, are not required separately. Therefore,
the upsetting apparatus can be simplified.

[0025] Since the exposed portion of the extruded raw
material is expanded in diameter in the cavity of the
closed-die, a preform having a shape as close as possible
to a desired product can be manufactured, which in turn
can improve the material yield and can reduce the
number of manufacturing steps.

[0026] Furthermore, by moving the plurality of divided
members in the forward direction with respect to the ex-
trusion direction of the extruded raw material at a speed
slower than the extrusion speed with the extruded raw
material clamped by and between the clamping portions
of the plurality of divided members while filling up the
cavity with the material of the exposed portion of the ex-
truded raw material, the flow of the material in the cavity
is distributed. Therefore, the corner portion in the cavity
of the closed-die can be filled up with the material without
excessively increasing the extrusion force of the extrud-
er. This prevents the defect that a non-filled up portion
is generated in the cavity, which in turn can obtain a high
quality upsetting manufactured product having no under-
fill defect.

[0027] Furthermore, since the corner portion in the
cavity of the closed-die can be filledupwithamaterialwith-
out excessively increasing the extrusion force of the ex-
truder, the load applied to the closed-die during the
processing can be reduced, resulting in an extended
service life of the closed-die.

[0028] According to the invention of Item [2], buckling
of the extruded raw material can be prevented assuredly,
resulting in a favorable diameter expansion of the ex-
posed portion of the extruded raw material.

[0029] According tothe invention of ltem [3], the cross-
sectional area of the exposed portion of the extruded raw
material canbe increased at the early stage of the diam-
eter expansion. Therefore, buckling limit length of the
exposed portion of the extruded raw material can be ex-
tended, which in turn can assuredly prevent occurrence
of buckling.

[0030] According to the invention of Item [4], when a
clamped portion of the extruded raw material or a portion
of the extruded raw material located ahead of the
clamped portion in the forward direction with respect to
the extrusion direction is cut as a cutting scheduled por-
tion, since the portion of the extruded raw material is not
moving, the portion of the extruded raw material can be
cut easily.

[0031] Furthermore, since the cutting of the extruded
raw material can be performed while extruding the ex-
truded raw material with the extruder, the installation
space for the upsetting apparatus can be saved.

[0032] According to the invention of Item [5], the ex-
truded raw material can be clamped firmly.

[0033] According to the invention of Item [6], the ex-
trusion raw material can be clamped firmly and assuredly.
[0034] Aocording to the invention of Item [7], the pro-
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ductivity of the upsetting manufactured product can be
further improved.

[0035] According to the invention of Item [8], a high
quality upsetting manufactured product with no shape
defect, such as, e.g., underfill, wrinkles, or scratches, can
be provided.

[0036] According to the invention of Items [9] to [13],
an upsetting apparatus used suitably for the upsetting
method according to the present invention can be pro-
vided.

Brief Description of Drawings
[0037]

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

Fig. 1B is a partially cut-out plan view showing the
state in which a pair of right and left closed-die di-
vided members of the aforementioned upsetting ap-
paratus are mutually combined.

Fig. 1C is a partially cut-out plan view showing the
state in the middle of expanding a diameter of an
exposed portion of an extrusion raw material with
the aforementioned upsetting apparatus during a
time lag.

Fig. 1D is a partially cut-out plan view showing the
state in which the exposedportion of the extrusion
rawmaterial is expanded in diameter with the afore-
mentioned upsetting apparatus.

Fig. 1E is a partially cut-out plan view showing the
state in which both the divided members of the afore-
mentioned upsetting apparatus are separated.

Fig. 1F is a partially cut-out plan view showing the
state in which both the divided members of the afore-
mentioned upsetting apparatus are returned to their
respective initial positions.

Fig. 1 G is a partially cut-out plan view showing the
state in which both the divided members of the afore-
mentioned upsetting apparatus are mutually com-

bined again.

Fig. 2Ais a cross-sectional view taken along the line
A-A'in Fig. 1A.

Fig. 2B is a front view as seen from the line B-B in
Fig. 1A.

Fig. 2C is a side view as seen from the line C-C in
Fig. 1A.

Fig. 3 is a perspective view showing an upsetting
manufactured product processed with the aforemen-
tioned upsetting apparatus.

Description of the Reference Numerals

[0038]
1 extruded raw material
2 exposed portion
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3 clamped portion

5 upsetting manufactured product
6 diameter expanded portion

7 bite mark

10 upsetting apparatus

11 extruder

13 extrusion nozzle

15 extrusion opening
200 divided member combining device
20 closed die

21 divided member

22 clamping portion

23 biting protrusion

25 cavity

29 fluid pressure cylinder
30 driving device

31 fluid pressure cylinder
40 cutting device

41 cutting blade

42 cutting die

43 fluid pressure cylinder

Detailed Description of the Preferred Embodiments

[0039] Next, some embodiments of the present inven-
tion will be explained below with reference to the draw-
ings. In the embodiments, for convenience of explana-
tion, "front" means a forward side with respect to an ex-
truding direction of an extruded raw material, and "rear"
means a direction opposite to the extruding direction of
the extruded raw material.

[0040] Fig. 1A to Fig. 3 are figures for explaining an
embodiment of the present invention.

[0041] In Fig. 1A, the reference numeral "10" denotes
an upsetting apparatus according to this embodiment.
This upsetting apparatus 10 is a constrain upsetting ap-
paratus in detail. "1" denotes an extruded raw material.
[0042] In Fig. 3, the reference numeral "5" denotes an
upsetting manufactured product processed with the up-
setting apparatus 10. In this upsetting manufactured
product 5, one diameter expanded portion 6 is formed at
a part of the axial direction thereof (indetail, at an end
portion). This upsettingmanufactured product 5 is used
as a preform for manufacturing various products, such
as, e.g. ,anarm, a connecting rod, or a piston for vehicles
(cars, railroad vehicles, etc.). As an arm for vehicles, a
straight arm, a knuckle, etc., having a connecting portion
(for example, a bush mounting portion) to be connected
to another component can be exemplified concretely.
[0043] AsshowninFigs.1Aand2Ato 2C, the extruded
raw material 1 is made of solid bar-shaped aluminum or
aluminum alloy extruded material. The extruded raw ma-
terial 1 is circular in cross-section, and constant in diam-
eter along the axial direction (i.e., extruding direction).
[0044] In the present invention, the substance of the
extruded raw material 1 is not limited to aluminum or alu-
minum alloy, and can be metal, such as, e.g., brass, cop-
per, and stainless steel, or can be plastic. Moreover, the
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cross-sectional shape of the extruded raw material 1 is
not limited to a circular shape, and can be a polygon,
such as, e.g., a square or a hexagon. Moreover, the ex-
truded raw material 1 is not limited to a solid member,
and can be a hollow member.

[0045] The diameter of the extruded raw material 1 is,
for example, 16 mm. In the upsetting manufactured prod-
uct 5, for example, the diameter expanded portion 6 is
60 mm in maximum diameter and 45 mm in length. In
the present invention, however, the diameter of the ex-
truded raw material 1 and the dimension of each portion
of the upsetting manufactured product 5 are not limited
to the above-mentioned dimensions. For example, the
diameter of the extruded raw material 1 and the dimen-
sion of each portion of the upsetting manufactured prod-
uct 5 can be set depending on the manufacture of prod-
ucts, such as, e.g. , an arm, a connecting rod, or a piston
for vehicles so that the purposes of the present invention
can be attained.

[0046] The upsetting apparatus 10 is equipped with an
extruder 11, a closed-die 20, and a cutting device 40 as
shown in Fig. 1A.

[0047] The extruder 11 is for manufacturing the extrud-
ed raw material 1. This extruder 11 has a container por-
tion 12, an extrusion nozzle 13, and a stem 16. In the
container portion 12, a billet B of aluminum or aluminum
alloy is loaded. The stem 16 is for pressurizing the billet
B loaded in the container portion 12 in the extruding di-
rection from the rear side. The extrusion nozzle 13 is
projected from the container portion 12 in the extruding
direction. In this extrusion nozzle 13, a forming hole 14
communicated with the inside of the container portion 12
is extended in the axial direction (i.e., the length direction)
of this extrusion nozzle 13. Moreover, the external diam-
eter of the extrusion nozzle 13 is set constant along the
axial direction. At the tip end portion of this extrusion noz-
zle 13, an extrusion opening 15 as an outlet of the forming
hole 14 is formed. The cross-sectional shape of the ex-
trusion opening 15 (i.e., forming hole 14) is formed into
a shape corresponding to the cross-sectional shape of
the extruded raw material 1, i.e., a circular shape.
[0048] The closed-die 20 has a closed-cavity 25 for
forming a prescribed portion of the extruded raw material
1 into a designed shape. Furthermore, this closed-die 20
is divided into twoportions along the axial direction there-
of (i.e., extruding direction of the extruded raw material
1), i.e., a pair of right and left closed-die divided members
21 and 21. Both the divided members 21 and 21 are
disposed at right and left sides of the extrusion nozzle
13 of the extruder 11 in an opposed manner. Both the
divided members 21 are 21 are the same in structure.
[0049] Atthe divided portion of the front wall portion of
each divided member 21, a clamping portion 22 for
clamping the extruded raw material 1 having a dented
groove (dented portion) of a semi-circular shape as seen
from the front is provided. As shown in Fig. 1B, in a state
in which both the divided members 21 and 21 are com-
bined so that the closed-dies 20 are formed, the clamping
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portions 22 and 22 of both the divided members 21 and
21 clamp the extruded raw material 1. In the state in which
the extruded raw material 1 is clamped by and between
the clamping portions 22 and 22 of both the divided mem-
bers 21 and 21, the extruded raw material 1 is fitted in
the clamping portions 22 and 22 of both the divided mem-
bers 21 and 21. At each of the clamping portions 22 and
22 of both the divided members 21 and 21, a biting pro-
trusion 23 for biting the extruded raw material 1 is pro-
vided as a slip prevention means with respect to the ex-
truded raw material 1. Therefore, the diameter of the
clamping portion 22 is set to be slightly smaller than the
diameter of the extruded raw material 1. Therefore, when
the extruded raw material 1 is clamped by and between
the clamping portions 22 and 22 of both the divided mem-
bers 21 and 21, the biting protrusion 23 of the clamping
portion 22 of each divided member 21 bites into the
clamped portion 3 of the extruded raw material 1, which
prevents the slip of the extruded raw material 1 in the
axial direction.

[0050] In this embodiment, although the biting protru-
sion 23 is provided at the clamping portion 22 of each of
the divided members 21 and 21, the present invention
allows to provide the biting protrusion 23 only at the
clamping portion 22 of any one of the divided members
21. As a means for preventing the slip of the extruded
raw material 1 in the axial direction, another means dif-
ferent from the biting protrusion 23 can be provided at
the clamping portion 22.

[0051] Furthermore, at the divided portion of the back
wall portion of each divided member 21, a dented portion
26 which is to be brought into contact with the extrusion
nozzle 13 is provided. As shown in Fig. 1B, in the state
in which both the divided members 21 and 21 are com-
bined mutually, the extrusion nozzle 13 is fitted in the
fitting hole formed by the combination of the dented por-
tions 26 and 26 of both the divided members 21 and 21.
[0052] The upsetting apparatus 10 is equipped with a
divided member combining device 200 which combines
both the divided members 21 and 21 so that the closed-
die 20 is formed, and a driving device 30.

[0053] The divided member combining device 200 has
a pair of right and left fluid pressure cylinders (e.g., hy-
draulic or gas cylinders) 29 and 29 as a driving source
for moving both the divided members 21 and 21 in the
approachdirection and in the separation direction as well.
Each divided member 21 is connected to a rod 29a of
the fluid pressure cylinder 29. Each divided member 21
is secured to a cradle 27 movable on an LM guide rail 28
extended in a direction perpendicular to the extruding
direction of the extruded raw material 1 (see Fig. 2A and
Fig. 2C) . Both the divided members 21 and 21 are in-
stalled on the common movable stage 32 via the corre-
sponding cradles 27 and rails 28. This movable stage 32
is installed so that it can move forward and rearward in
the extruding direction of the extruded raw material 1 .
Thereference numeral "33" denotes a rail for the movable
stage 32.
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[0054] This divided member combining device 200 is
configured to move both the divided members 21 and 21
in the approach direction by operating the fluid pressure
cylinders 29 and 29, to thereby combine both the divided
members 21 and 21 to form a closed-die 20 as shown in
Fig. 1B. Furthermore, this divided member combining de-
vice 200 is configured to move both the combined divided
members 21 and 21 in the separation direction by oper-
ating the fluid pressure cylinders 29 and 29, to thereby
detach both the divided members 21 and 21 to divide the
closed-die 20 into two pieces.

[0055] The driving device 30 is for moving both the
divided members 21 and 21 while keeping the combined
state in a forward direction with respect to the extrusion
direction of the extruded raw material 1 at a speed slower
than the extrusion speed. As the driving source of this
driving device 30, two fluid pressure cylinders (e.g. , hy-
draulic or gas cylinder) 31 and 31 are connected to the
movable stage 32. And as shown in Fig. 1C and Fig. 1D,
the driving device 30 is configured to move both the di-
vided members 21 and 21 together with the movable
stage 32 in a forward direction with respect to the extru-
sion direction of the extruded raw material 1 at a prede-
termined speed by operating both the fluid pressure cyl-
inders 31 and 31 so as to retreat the rods 31a and 31a.
Furthermore, as shown in Fig. 1E and Fig. 1F, this driving
device 30 is configured to return (move) both the divided
members 21 and 21 moved in the forward direction with
respect to the extrusion direction of extruded raw material
1 to the respective initial positions by operating both the
fluid pressure cylinders 31 and 31 so as to protrude the
rods 31a and 31a.

[0056] In the present invention, the driving device 30
can be configured to move the extrusion opening 15 of
the extrusion nozzle 13 in the rearward direction with
respect to the extrusion direction of the extruded raw ma-
terial 1 at a speed slower than the extrusion speed. Fur-
thermore, in this case, the driving device 30 can be con-
figured to return (move) the extrusion opening 15 of the
extrusion nozzle 13 moved in the rearward direction with
respect to the extrusion direction of extruded raw material
1 to the initial position.

[0057] The cutting device 40 is configured to cut (in
detail, shear) a clamped portion 3 clamped with the
clamping portions 22 and 22 of both the divided members
21 and 21 or a portion of the extruded raw material 1
located ahead of the clamped portion 3 in the forward
direction with respect to the extrusion direction to sepa-
rate the diameter expanded portion 6 of the extruded raw
material 1 from the extruded raw material 1. The cutting
device 40 has a cutting blade (in detail, shearing blade)
41 and a cutting die 42 corresponding to the cutting blade
41.

[0058] The cutting blade 41 and the cutting die 42 are
opposed with each other at the right and left sides of the
extruded raw material 1 at the front of both divided mem-
bers 21 and 21 (i.e., the closed-die 20). Connected to
each of the cutting blade 41 and the cutting die 42 is a
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fluid pressure cylinder (e. g. , a hydraulic or gas cylinder)
43 as a driving source. And as shown in Fig. 1G, by pro-
truding the rods 43a by operating the fluid pressure cyl-
inders 43, the cutting scheduled portion of the extruded
raw material 1 is clamped by and between the cutting
blade 41 and the cutting die 42 and cut (sheared) with
the cutting blade 41. On the other hand, by retreating the
rod 43a of the fluid pressure cylinder 43, the cutting blade
41 and the cutting die 42 returns to their respective orig-
inal positions. The cutting blade 41 and the cutting die
42 are fixedly attached to the frame 44 via the corre-
sponding fluid pressure cylinders 43.

[0059] Next, the upsetting method using the aforemen-
tioned upsetting apparatus 10 will be explained below.
[0060] Initially, as shown in Fig. 1A, both the divided
members 21 and 21 of the closed-die 20 are arranged in
a separated state. Subsequently, a heated billet B loaded
in the container portion 12 of the extruder 11 is pressu-
rized with the stem 16 in the forward direction with respect
to the extrusion direction, to thereby extrude the extruded
raw material 1 from the extrusion opening 15 of the ex-
trusion nozzle 13. In this embodiment, the extruded raw
material 1 is extruded horizontally for example.

[0061] Then, as shown in Fig. 1B, in the state in which
the extruded raw material 1 is extruded from the extrusion
opening 15 of the tip end portion of the extrusion nozzle
13, both the divided members 21 and 21 are mutually
combined with the divided member combining device 200
such that the tip end portion of the extrusion nozzle 13
is arranged in the cavity 25. Thus, the closed-die 20 is
formed. At the same time, the extrudedrawmaterial 1 ex-
truded from the extrusion opening 15 of the extrusion
nozzle 13 is clamped by and between the clamping por-
tions 22 and 22 of both the divided members 21 and 21.
[Clamping Step]. Then, the biting protrusion 23 of the
clamping portion 22 of each divided member 21 bites into
the clamped portion 3 of the extruded raw material 1,
thereby preventing the slip of the extruded raw material
1in the axial direction. On the other hand, on the clamped
portion 3 of the extruded raw material 1, a bite mark 7
corresponding to the biting protrusion 23 is formed (see
Fig. 1E).

[0062] Subsequently, while filling the cavity 25 of the
closed-die 20 with the material of the exposed portion 2
of the extruded raw material 1 exposed between the ex-
trusion opening 15 of the extrusion nozzle 13 and the
clamping portions 22 and 22 of both the divided members
21 and 21, in the state in which the extruded raw material
1 is clamped by and between the clamping portions 22
and 22 of both the divided member 21 and 21, namely,
in the state in which both the divided members 21 and
21 are combined mutually, as shown in Fig. 1C and Fig.
1D, both the divided members 21 and 21 are moved with
the driving device 30 in the forward direction with respect
to the extrusion direction of the extruded raw material 1
at a speed slower than the extrusion speed with the driv-
ing device 30. Thereby, the exposed portion 2 of the ex-
truded raw material 1 is expanded in diameter in the cav-
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ity 25 of the closed-die 20 [Diameter Expansion Step].
[0063] As mentioned above, while filling the cavity 25
of the closed-die 20 with the material of the exposed por-
tion 2 of the extruded raw material 1, by moving both the
divided members 21 and 21 in the forward direction with
respect to the extrusion direction of the extruded raw ma-
terial 1 at a speed slower than the extrusion speed, the
flow of the material in the cavity 25 is distributed. There-
fore, the corner portion of the cavity 25 of the closed-die
20 can be filled up with the material without excessively
increasing the extrusion force of the extruder 11. There-
fore, any defect that a non-filled up portion (i.e., a portion
not filled up with the material) is generated in the cavity
25 can be prevented. Therefore, it is possible to prevent
the generation of a defective shape, such as, underfill,
resulting in a high quality upsetting manufactured product
5.

[0064] Furthermore, since the corner portion in the
cavity 25 of the closed-die 20 can be filled up with the
material without excessively increasing the extrusion
pressure of the extruder 11, the load applied to the
closed-die 20 during the processing can be reduced.
Therefore, the service life of the closed-die 20 can be
extended.

[0065] Inthe presentinvention, itis necessary and suf-
ficient that the traveling speed of both the divided mem-
bers 21 and 21 driven by the driving device 30 is slower
than the extrusion speed of the extruded rawmaterial 1,
i.e., lessthan 1time to the extrusion speed of the extruded
raw material 1. The speed difference of the traveling
speed of both the divided members 21 and 21 and the
extrusion speed of the extruded raw material 1 can be
defined depending on the shape of the diameter expand-
ed portion 6, i.e., the shape of the cavity 25. Moreover,
the speed difference can be fixed or changed. For exam-
ple, the speed difference can be increased at the portion
where the amount of the diameter expansion is large,
and the speed difference can be decreased at the portion
where the amount of the diameter expansion is small.
That is, the traveling speed of both the divided members
21 and 21 is arbitrarily set depending on the shape of the
cavity 25 of the closed-die 20, and can be set to a speed
at which the cavity 25 can be filled up with the material
so as not to cause a non-filled up portion in the cavity 25.
[0066] Here, at the clamping step, it is preferable to
clamp the extruded raw material 1 with the clamping por-
tions 22 and 22 of both the divided members 21 and 21
at the position where the length of the exposed portion
2 of the extruded raw material 1 is less than the buckling
limit length of the exposed portion 2. With this, the buck-
ling of the extruded raw material 1 can be prevented as-
suredly, and the exposed portion 2 of the extruded raw
material 1 can be favorably expanded in diameter.
[0067] At the diameter expansion step, it is preferable
to set a time lag between the initiation of clamping the
extruded raw material 1 with the clamping portions 22
and 22 of both the divided member 21 and 21 and the
initiation of moving both the divided members 21 and 21.
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That is, as shown in Fig. 1B, at the clamping step, the
extruded raw material 1 is clamped by and between the
clamping portions 22 and 22 of both the divided members
21 and 21. While keeping the clamping state, i.e. , while
keeping the state in which both the divided members 21
and 21 are combined with each other, both the divided
members 21 and 21 are made to stand-by at the position
(i.e., initial position) without moving both the divided
members 21 and 21. This stand-by time corresponds to
the time lag. Then, as shown in Fig. 1C, during this time
lag, the exposed portion 2 of the extruded raw material
1 is slightly expanded indiameter in the cavity 25. After
the time laghas passed, as shown in Fig. 1D, both the
divided members 21 and 21 are moved in the forward
direction with respect to the extrusion direction of the
extruded raw material 1 at a speed slower than the ex-
trusion speed. By setting the time lag as mentioned
above, the cross-sectional area of the exposed portion
2 of the extruded raw material 1 can be increased at the
early stage of the diameter expansion. Therefore, the
buckling limit length of the exposed portion 2 can be in-
creased, which in turn can prevent buckling more assur-
edly.

[0068] At the diameter expansion step, when the ma-
terial of the exposed portion 2 of the extruded raw mate-
rial 1 is completely introduced into the cavity 25 of the
closed-die 20 to form a designed shape (see Fig. 1D),
the traveling speed of both the divided members 21 and
21 is conformed to (i.e., synchronized with) the extrusion
speed of the extruded raw material 1, and both the divided
members 21 and 21 are separated by moving both the
divided members 21 and 21 in the separation direction
with the divided member combining device 200 as shown
in Fig. 1E. This releases the clamping of the extruded
raw material 1 by the clamping portions 22 and 22 of both
the divided member 21 and 21 [Clamp Releasing Step].
Then, the diameter expanded portion 6 of the extruded
raw material 1 moves in the forward direction with respect
to the extrusion direction by the extrusion force of the
extruder 1. Inthis embodiment, as shownin Fig. 1D, when
the exposed portion 2 of the extruded raw material 1 is
expanded into a designed shape, the position of the ex-
trusion opening 15 of the extrusion nozzle 13 and the
position of the rear end of the cavity 25 are coincided
with each other. In the present invention, however, when
the exposed portion 2 of the extruded raw material 1 is
expanded into a designed shape, the position of the ex-
trusion opening 15 of the extrusion nozzle 13 can be po-
sitioned ahead of the rear end of the cavity 25. In this
case, the material of the exposed portion 2 fills the cavity
25 in a manner such that the material surrounds the out-
side of the tip end portion of the extrusion nozzle 13.
Furthermore, in this case, it is preferable that the tip end
portion of the external peripheral surface of the extrusion
nozzle 13 is formed into an inwardly tapered shape to-
ward its tip end since the tip end portion of the extrusion
nozzle 13 can be easily pulled out from the material in
the cavity 25.
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[0069] Thereafter, as shown in Fig. 1E and Fig. 1F,
both the divided member 21 and 21 are returned (moved)
to their initial positions by the driving device 30 while
keeping the separated state [Return Step] .

[0070] Then, as shown in Fig. 1G, both the divided
member 21 and 21 are combined by the divided member
combining device 200 to thereby form the closed-die 20
again and simultaneously clamp the extruded raw mate-
rial 1 with the clamping portions 22 and 22 of both the
divided members 21 and 21 [Clamping Step] . Then, the
diameter expansion step, the clamp releasing step, and
the return step mentioned above are repeated in this or-
der.

[0071] In this embodiment, while the clamping step,
the diameter expansion step, the clamp releasing step,
and the return step are repeatedly performed, the extrud-
ed raw material 1 is continuously being extruded from
the extrusion opening 15 of the extrusion nozzle 13 at a
predetermined speed. In the present invention, however,
during these steps, the extrusion of the extruded raw ma-
terial 1 can be stopped. Moreover, the extrusion speed
of the extruded raw material 1 can be constant, or can
be changed.

[0072] In cases where the upsetting is repeated as
mentioned above, even at the second and subsequent
diameter expansion step, in the same manner as in the
first diameter expansion step, a time lag is set between
the initiation of clamping the extruded raw material 1 by
the clamping portions 22 and 22 of both the divided mem-
bers 21 and 21 and the initiation of moving both the di-
vided members 21 and 21. During this time lag, as shown
in Fig. 1G, the clamped portion 3 (i.e., the previously
clamped portion 3) of the extruded raw material 1
clamped by and between the clamping portions 22 and
22 of both the divided members 21 and 21 at the previous
diameter expansion step which is a portion located ahead
of the clamped portion 3 (i.e., the currently clamped por-
tion 3) of the extruded raw material 1 clamped by and
between the clamping portions 22 and 22 of both the
divided member 21 and 21 is cut (i.e., sheared) with the
cutting device 40 [Cutting Step] . This cutting process will
be detailed as follows. That is, the cutting blade 41 and
the cutting die 42 of the cutting device 40 are moved so
as to approach with each other to clamp the cutting
scheduled portion (i.e., the previously clampedportion 3)
of the extruded rawmaterial 1 by and between the cutting
blade 41 and the cutting die 42, and then the cutting
scheduled portion is cut with the cutting blade 41. In cas-
es where this cutting step is performed at the third or
subsequent diameter expansion step, the diameter ex-
panded portion 6 will be separated from the extruded raw
material 1.

[0073] In this embodiment, the cutting scheduled por-
tion of the extruded raw material 1 is the clamped portion
3 of the extruded raw material 1 clamped by and between
the clamping portions 22 and 22 of both the divided mem-
bers 21 and 21 at the previous diameter expansion step
as mentioned above. Since a bite mark 7 is formed at
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this clamped portion 3, this clamped portion 3 can be
easily cut as a cutting scheduled portion with the cutting
device 40. In the present invention, it is preferable that
the slip prevention means is a means capable of forming
abite mark which facilitates the cutting operation. As such
a slip prevention means, a biting protrusion of a V-shaped
cross-section (e.g., a wedge shape) formed on the
clamping portion 22 of the divided member 21 and/or a
biting protrusion capable of forming a bite mark (prefer-
ably, a biting protrusion of a V-shaped cross-section)
having a length more than half of the entire peripheral
length of the clamped portion 3 thereon formed on the
clamping portions 22 and 22 of both the divided members
21 and 21, can be exemplified.

[0074] By performing this cutting step every diameter
expansion step, an upsetting manufactured product 5
having one diameter expanded portion 6 as shown in Fig.
3 can be obtained. If this cutting step is performed every
other diameter expansion step or every three ormore di-
ameter expansion step among the diameter expansion
steps to be repeatedly performed, an upsetting manu-
factured product having two or more diameter expanded
portions 6 (not illustrated) can be obtained.

[0075] The upsettingmanufactured product 5 obtained
as mentioned above can be used as a preform having a
shape as close as possible to the desired product shape.
[0076] According to the upsetting method of the above-
mentioned embodiment, the step for manufacturing an
extruded raw material 1 and the step for upsetting the
extruded raw material 1 can be performed continuously.
Therefore, the productivity of the upsetting manufactured
product 5 can be improved.

[0077] Furthermore, since the extrusion force of the
extruder 11 is used as a force for pressurizing the ex-
truded raw material 1 in the axial direction to expand the
diameter of the exposed portion 2 (i.e., the diameter ex-
pansion scheduled portion) of the extruded raw material
1, a punch and its driving device for pressurizing a raw
material in the axial direction, which was used in a con-
ventional upsetting method, are not required separately.
This simplifies the upsetting apparatus 10.

[0078] Since the exposed portion 2 of the extruded
rawmaterial 1 is expanded in diameter in the cavity 25 of
the closed-die 20, the preform having a shape as close
as possible to the desired product shape can be manu-
factured, which can improve the material yield and re-
duce the number of manufacturing steps.

[0079] Moreover, the clamping step, the diameter ex-
pansion step, the clamp releasing step, and the return
step are performed repeatedly in order, which can further
improve the productivity of the upsetting manufactured
product 5.

[0080] Furthermore, by cutting the extruded raw ma-
terial 1 during the time lag, the following effects can be
attained. That is, if the cutting scheduled portion of the
extruded raw material 1 is moving at the time of cutting
the cutting scheduled portion, various problems such as,
e.g., deformation of a cut end or a cut section, may occur.
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Therefore, in order to solve such problems, in this em-
bodiment, the cutting of the extruded raw material 1 is
performed during the time lag. With this, since the cutting
scheduled portion of the extruded raw material 1 is not
moving at the time of cutting the cutting scheduled portion
of the extruded raw material 1, the cutting scheduled por-
tion can be cut well without causing such problems, and
the cutting scheduled portion can be cut easily as well.
[0081] Furthermore, since the cutting of the extruded
raw material 1 can be performed while extruding the ex-
truded rawmaterial 1 with the extruder 11, the space for
installing the upsetting apparatus 10 can be saved.
[0082] Moreover, since the biting protrusion 23 for bit-
ing the extruded raw material 1 is provided at each of the
clamping portions 22 and 22 of both the divided member
21 and 21 as a slip prevention means, the slip of the
extruded raw material 1 can be prevented and the ex-
truded raw material 1 can be clamped assuredly.
[0083] Since the extruded raw material 1 would not be
buckled, a high quality upsetting manufactured product
free from defective shapes, such as, e.g., wrinkles or
scratches, can be provided.

[0084] Although the above explanation is directed to
one embodiment of the present invention, the present
invention is not limited to the aforementioned embodi-
ment.

[0085] For example, inthe presentinvention, a cutting
blade can be provided at the clamping portion 22 of at
least one divided member 21 of both the divided mem-
bers 21 and 21 as a cutting device, so that the cutting
blade cuts the clamped portion 3 of the extruded raw
material 1 in the state in which the extruded raw material
1 is clamped by both the clamping portions 22 and 22 of
both the divided member 21 and 21.

[0086] Furthermore, in the presentinvention, the divid-
ing number of the closed-die 20 is not limited to two, and
can be three, four, or more.

[0087] Moreover, in the aforementioned embodiment,
the extruding direction of the extruded raw material 1 by
the extruder 11 is horizontal. In the present invention,
however, the extruding direction of the extruded raw ma-
terial 1 can be, for example, a vertical direction such as
a downward direction.

[0088] Moreover, in the aforementioned embodiment,
at the diameter expansion step, the position of the extru-
sion opening 15 of the extrusion nozzle 13 is fixed, and
the exposed portion 2 of the extruded raw material 1 is
expanded in the cavity 25 by moving the plurality of di-
vided members 21 and 21 in the forward direction with
respect to the extrusion direction of the extruded raw ma-
terial 1 at a speed slower than the extrusion speed in the
state in which the extruded raw material 1 is clamped by
and between the clamping portions 22 and 22 of the plu-
rality of divided members 21 and 21. In the present in-
vention, however, in addition to the above, at the diameter
expansion step, in the state in which the extruded raw
material 1 is clamped by and between the clamping por-
tions 22 and 22 of the plurality of divided members 21



17 EP 1914 029 A1 18

and 21 with the positions of the divided members 21 and
21 fixed, the exposed portion 2 of the extruded raw ma-
terial 1 can be expanded in the cavity 25 by moving the
extrusion opening 15 of the extrusion nozzle 13 in the
rearward direction with respect to the extrusion direction
of the extruded raw material 1 at a speed slower than the
extrusion speed.

[0089] The above-mentioned two upsetting methods
can be summarized as follows. Namely, in the present
invention, at the diameter expansion step, while filling
the cavity 25 with the material of the exposed portion 2
of the extruded raw material 1 exposed between the ex-
trusion opening 15 of the extrusion nozzle 13 and the
clamping portions 22 and 22 of the plurality of divided
members 21 and 21 by extruding the extruded raw ma-
terial from the extrusion opening 15 by the extruder 11,
in the state in which the extruded raw material 1 is
clamped by and between the clamping portions 22 and
22 of the plurality of divided members 21 and 21, the
exposed portion 2 of the extruded raw material 1 is ex-
panded in diameter in the cavity 25 by moving the plurality
of divided members 21 and 21 in the forward direction
with respect to the extrusion direction of the extruded raw
material 1 relative to the extrusion opening 15 of the ex-
trusion nozzle 13 at a speed slower than the extrusion
speed.

[0090] Moreover, in the aforementioned embodiment,
the driving device 30 is for moving both the divided mem-
bers 21 and 21 in the forward direction with respect to
the extrusion direction of the extruded raw material 1 at
a speed slower than the extrusion speed with the divided
members 21 and 21 combined. Moreover, this driving
device 30 is configured to return (move) both the divided
members 21 and 21 moved in the forward direction with
respect to the extrusion direction of the extruded raw ma-
terial 1 to the initial position. In the present invention,
however, other than the above, the driving device 30 can
be for moving the extrusion opening 15 of the extrusion
nozzle 13 in the rearward direction with respect to the
extrusion direction of the extruded raw material 1 at a
speed slower than the extrusion speed. Furthermore, in
this case, the driving device 30 can be configured to re-
turn (move) the extrusion opening 15 of the extrusion
nozzle 13 in the rearward direction with respect to the
extrusion direction of the extruded raw material 1 to the
initial position.

[0091] The aforementioned upsetting apparatus can
be summarized as follows. That is, in the present inven-
tion, the driving device 30 can be for moving the plurality
of divided members 21 and 21 in the forward direction
with respect to the extrusion direction of the extruded raw
material 1 by the extruder 11 relative to the extrusion
opening 15 of the extrusion nozzle 13 at a speed slower
than the extrusion speed. Furthermore, the driving device
30 can be configured to return the plurality of divided
members 21 and 21 moved in the forward direction with
respect to the extrusion direction of the extruded raw ma-
terial 1 relative to the extrusion opening 15 of the extru-
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sion nozzle 13 to the initial position.

[0092] Furthermore, a supporting member (not illus-
trated) for supporting the extruded raw material 1 can be
arranged between both the divided members 21 and 21
(i.e., the closed-die 20) and the cutting device 40, as a
means for preventing bending (e.g., deflection) due to its
own weight, etc. , of the extruded rawmaterial 1. In this
case, it is preferable that the supporting member can be
moved together with the extruded raw material 1.
[0093] Moreover, in the present invention, the upset-
ting can be performed with mold release agent or lubri-
cant applied to the inner surface of the cavity 25 of the
closed-die 20.

[0094] This application claims priority to Japanese Pat-
ent Application No. 2005-224969 filed on August 3, 2005,
and U.S. Provisional Application No. 60/706,783 filed on
August 10, 2005, the entire disclosures of which are in-
corporated herein by reference in their entireties.
[0095] While the present invention may be embodied
in many different forms, a number of illustrative embod-
iments are described herein with the understanding that
the present disclosure is to be considered as providing
examples of the principles of the invention and such ex-
amples are notintended to limit the invention to preferred
embodiments described herein and/or illustrated herein.
[0096] While illustrative embodiments of the invention
have been described herein, the present invention is not
limited to the various preferred embodiments described
herein, but includes any and all embodiments having
equivalent elements, modifications, omissions, combina-
tions (e.g., of aspects across various embodiments), ad-
aptations and/or alterations as would be appreciated by
those in the art based on the present disclosure.

[0097] The limitations in the claims are to be interpret-
ed broadly based on the language employed in the claims
and not limited to examples described in the present
specification or during the prosecution of the application,
which examples are to be construed as non-exclusive.

Industrial applicability

[0098] The presentinvention can be applied to an up-
setting method and an upsetting apparatus used in man-
ufacturing a product having a diameter expanded portion,
such as, e.g., an arm, a connecting rod, or a piston for
vehicles (cars, railroad vehicles, etc.).

Claims

1. An upsetting method using an extruder equipped
with an extrusion nozzle having an extrusion opening
at a tip end portion of the extrusion nozzle and a
closed-die having a cavity, the closed-die being di-
vided into a plurality of closed-die divided members,
the upsetting method, comprising:

a clamping step of forming the closed-die by
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combining the plurality of closed-die divided
members so that the tip end portion of the ex-
trusion nozzle is arranged in the cavity with an
extruded raw material extruded from the extru-
sion opening of the extrusion nozzle of the ex-
truder and clamping the extruded raw material
with clamping portions provided at the plurality
of closed-die divided members; and

a diameter expansion step of extruding the ex-
truded raw material from the extrusion opening
of the extrusion nozzle with the extruder and ex-
panding an exposed portion of the extruded raw
material exposed between the extrusion open-
ing of the extrusion nozzle and the clamping por-
tions of the plurality of divided members while
filling the cavity with a material of the exposed
portion by moving the plurality of closed-die di-
vided members in a forward direction with re-
spect to an extrusion direction of the extruded
raw material relative to the extrusion opening of
the extrusion nozzle at a speed slower than an
extrusion speed with the extruded raw material
clamped by and between the clamping portions
of the plurality of divided members.

The upsetting method as recited in claim 1, wherein
at the clamping step, the extruded raw material is
clamped by and between the clamping portions of
the plurality of divided members at a position where
a length of the exposed portion of the extruded raw
material is not longer than a buckling limit length of
the exposed portion.

The upsetting method as recited in claim 1, wherein
at the diameter expansion step, a time lag is set be-
tween initiation of clamping the extruded raw mate-
rial by the clamping portions of the plurality of divided
members at the clamping step and initiation of mov-
ing the plurality of divided members.

The upsetting method as recited in claim 3, wherein
a clamped portion of the extruded raw material or a
portion of the extruded raw material located ahead
of the clamped portion is cut during the time lag with
the extruded material clamped by and between the
clamping portions of the plurality of divided mem-
bers.

The upsetting method as recited in any one of claims
1 to 4, wherein a slip prevention means is provided
at the clamping portion of at least one of the plurality
of divided members.

The upsetting method as recited in claim 5, wherein
a biting protrusion for biting the extruded raw material
as the slip prevention means is provided at the
clamping portion of at least one of the plurality of
divided members.
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The upsetting method as recited in any one of claims
1 to 4, further comprising:

a clamp release step of releasing clamping of
the extruded raw material by the clamping por-
tions of the plurality of divided members after
the diameter expansion step; and

a return step of returning the plurality of divided
members to the initial position after the clamp
releasing step,

wherein the clamping step, the diameter expansion
step, the clamp releasing step, and the return step
are repeatedly performed in order.

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

An upsetting apparatus, comprising:

an extruder provided with an extrusion nozzle
having an extrusion opening at a tip end portion
ofthe extrusion nozzle, an extruded raw material
being extruded from the extrusion opening of
the extrusion nozzle;

a closed-die having a cavity, the closed-die be-
ing divided into a plurality of closed-die divided
members;

a divided member combining device for combin-
ing the plurality of closed-die divided members
so that the closed-die is formed; and

a driving device for moving the plurality of divid-
ed members in a forward direction with respect
to an extrusion direction of the extruded raw ma-
terial by the extruder relative to the extrusion
opening of the extrusion nozzle at a speed slow-
er than an extrusion speed with the plurality of
divided members combined,

wherein the plurality of divided members are provid-
ed with a clamping portion, respectively, and
wherein the extruded material is clamped by the
clamping portions of the plurality of divided members
when the plurality of divided members are combined
by the divided member combining device.

The upsetting apparatus as recited in claim 9, further
comprising a cutting device for cutting a clamped
portion of the extruded raw material clamped by and
between the clamping portions of the plurality of di-
vided members or a portion of the extruded raw ma-
terial located ahead of the clamped portion.

The upsetting apparatus as recited in claim 9 or 10,
wherein the clamping portion of at least one of the
plurality of divided members is provided with a slip
prevention means.
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The upsetting apparatus as recited in claim 11,
wherein the clamping portion of at least one of the
divided members is provided with a biting protrusion
for biting the extruded raw material as the slip pre-
vention means.

The upsetting apparatus as recited in claim 9 or 10,
wherein the divided member combining device is fur-
ther configured to detach the plurality of divided
members combined each other, and wherein the
driving device is further configured to return the plu-
rality of divided members moved in the forward di-
rection with respect to the extrusion direction of the
extruded raw material relative to the extrusion open-
ing of the extrusion nozzle to their initial positions.
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