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(67)  Atube diameter expanding method includes: ro-
tating a tube having one end fixed to a turntable about a
center axis of the tube; inserting a rod-like roller which
extends in an axial direction of the tube into the tube from
another end of the tube, and bringing the rod-like roller
into contact with a forming region extending from the oth-
er end to a predetermined position of the tube; heating
the forming region of the tube; cooling at least a section
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located near the forming region and within a non-forming
region extending from the predetermined position to the
one end of the tube; and moving the rod-like roller in a
state of contacting the forming region of the tube, in a
direction from the one end of the tube toward the other
end of the tube and outward in a radial direction of the
tube.

1A

4\1‘ @ 13 J

~t~— 17a

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 431 205 A1 2

Description
Technical Field

[0001] The presentinvention relates to atube diameter
expanding method and a forming apparatus for imple-
menting the same.

Background Art

[0002] Conventionally, a method of partially expanding
a tube in diameter by spinning forming is known. For ex-
ample, PTL 1 discloses a tube diameter expanding meth-
od using a pair of disk rollers.

[0003] Specifically, in the diameter expanding method
disclosed in PTL 1, a tube having one end thereof fixed
to a turntable is rotated about a center axis of the tube
in a state where the tube is sandwiched between a first
roller disposed in the tube and a second roller disposed
outside the tube. Then, the first roller and the second
roller are moved in a direction from one end toward the
other end of the tube and outward in a radial direction of
the tube. As a result, the first roller presses the tube, and
a section extending from the pressed position to the other
end is expanded in diameter. The second roller plays a
role of enhancing formability of the diameter-expanded
section.

Citation List
Patent Literature

[0004] PTL 1: JP 2000-246353 A

Summary of Invention
Technical Problem

[0005] Incidentally,in acase where atubeis expanded
in diameter by moving a disk roller disposed inside the
tube in the radial direction and the axial direction of the
tube, a section of the tube which is located at the other-
end side of the disk roller tries to maintain the original
diameter as illustrated in Fig. 7. Therefore, thickness re-
duction (so-called necking) occurs due to tension at a
section of the tube which is located at the one-end side
ofthe disk roller. In order to suppress occurrence necking
as described above, it is desirable to use a rod-like roller
extending in the axial direction of the tube in lieu of the
disk roller.

[0006] However, in the case of using a rod-like roller,
it is necessary to press a wide range of a forming region
which is a region of the tube whose diameter is to be
expanded. Therefore, it is necessary to push the rod-like
roller outward in the radial direction with great force. In
contrast, if the forming region of the tube is heated, push-
ing force of the rod-like roller can be reduced.

[0007] However, in a case where the forming region of
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the tube is heated, a large amount of heat is given to the
forming region, and the heat amount is also transmitted
to a non-forming region of the tube which is located at
the one-end side of the forming region. Therefore, when
the rod-like roller is pressed against the forming region,
the non-forming region also deforms.

[0008] In view of the above, an object of the present
invention is to suppress deformation of a non-forming
region of a heated tube when a rod-like roller is pressed
against a heated forming region of the tube.

Solution to Problem

[0009] In order to solve the above-described problem,
the present invention provides a tube diameter expand-
ing method including: a step for rotating a tube having
one end fixed to a turntable about a center axis of the
tube; a step for inserting a rod-like roller extending in an
axial direction of the tube into the tube from the other end
of the tube, and bringing the rod-like roller into contact
with a forming region extending from the other end to a
predetermined position of the tube; a step for heating the
forming region of the tube; a step for cooling at least a
section located near the forming region and within a non-
forming region extending from the predetermined posi-
tion to the one end of the tube; and a step for moving the
rod-like roller in a state of contacting the forming region
of the tube, in a direction from the one end of the tube
toward the other end of the tube and outward in a radial
direction of the tube.

[0010] According to the above configuration, the rod-
like roller is pressed against the heated forming region
ofthe tube. Therefore, itis possible to expand the forming
region in diameter with a relatively small pushing force
while suppressing occurrence of necking. In addition,
since at least the section located near the forming region
and within the non-forming region of the tube is cooled,
it is possible to suppress deformation of the non-forming
region when the rod-like roller is pressed against the
heated forming region.

[0011] The forming region of the tube may be heated
from outside of the tube. According to this configuration,
it is possible to further suppress protrusion of an inner
peripheral surface of the tube which may be caused by
pressing of the rod-like roller as compared to a case
where the forming region is heated from inside of the
tube.

[0012] The forming region of the tube may be heated
by induction heating. In a case where a burner is used
to heat the forming region of the tube, a temperature gra-
dient between the forming region and the non-forming
region becomes gentle. In contrast, in a case where the
forming region is heated by induction heating, the tem-
perature gradient between the forming region and the
non-forming region becomes steep. Therefore, if the
forming region is heated by induction heating, deforma-
tion of the non-forming region can be more effectively
suppressed. In other words, it is possible to accurately
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form a tapered portion in the non-forming region indicat-
ing a track of the rod-like roller.

[0013] The forming region of the tube may be heated
by using a heater including a heating head that faces an
inner peripheral surface or an outer peripheral surface
ofthe tube. Whenthe rod-like roller in a state of contacting
the forming region of the tube is moved in the direction
from the one end toward the other end of the tube and
outward in the radial direction of the tube, the heating
head may be moved in the radial direction of the tube in
synchronization with movement of the rod-like roller. Ac-
cording to this configuration, it is possible to keep a dis-
tance between the forming region of the tube and the
heating head substantially constant, and it is possible to
expand the forming region in diameter while stably heat-
ing the forming region.

[0014] The non-forming region of the tube may be
cooled by using a cooler including a cooling head that
supplies cooler agent to the outer peripheral surface of
the tube. When the rod-like roller in a state of contacting
the forming region of the tube is moved in the direction
from the one end toward the other end of the tube and
outward in the radial direction of the tube, the cooling
head may be moved in the axial direction and the radial
direction of the tube in synchronization with movement
of the rod-like roller. According to this configuration, a
positional relationship between a tip of the rod-like roller
and the cooling head is unchanged even if the forming
region gradually narrows as the rod-like roller moves in
the axial direction of the tube. Therefore, it is possible to
continuously cool at least the section located near the
forming region and within the non-forming region.
[0015] In a state where an auxiliary roller supports at
least the other end of the tube from outside in the radial
direction, the rod-like roller in a state of contacting the
forming region of the tube may be moved in the direction
from the one end toward the other end of the tube and
outward in the radial direction of the tube. According to
this configuration, deflection of the tube during forming
can be prevented.

[0016] The tip of the rod-like roller may be flat. Accord-
ing to this configuration, it is possible to further suppress
interference between the rod-like roller and the tapered
portion in the non-forming region indicating the track of
the rod-like roller as compared to a case where the tip of
the rod-like roller is semi-spherical. Therefore, it is pos-
sible to accurately expand the forming region of the tube
in diameter.

[0017] For example, the tube may have a thickness of
8 mm or more.

[0018] In addition, the present invention provides a
forming apparatus including: a turntable to which one end
of a tube is fixed; a rod-like roller which extends in an
axial direction of the tube, the rod-like roller being inserted
into the tube from the other end of the tube and being
broughtinto contact with a forming region extending from
the other end of the tube to a predetermined position; a
heater which heats the forming region of the tube; a cool-

10

15

20

25

30

35

40

45

50

55

er which cools at least a section located near the forming
region and within a non-forming region extending from
the predetermined position to the one end of the tube;
and aroller moving device which moves the rod-like roller
in the axial direction and a radial direction of the tube. By
using this forming apparatus, it is possible to implement
the tube diameter expanding method described above.

Advantageous Effects of Invention

[0019] According to the presentinvention, itis possible
to suppress deformation of the non-forming region of the
heated tube when the rod-like roller is pressed against
the heated forming region of the tube.

Brief Description of Drawings
[0020]

Fig. 1is a schematic configuration diagram of a form-
ing apparatus that implements a tube diameter ex-
panding method according to Embodiment 1 of the
present invention.

Fig. 2 is a diagram illustrating a positional relation-
ship between a tube and a rod-like roller before form-
ing is started.

Fig. 3 is a diagram illustrating a positional relation-
ship between the tube and the rod-like roller during
forming.

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

Fig. 5A is a front view of a heating head used in
Embodiment 1, Fig. 5B is a front view of a heating
head of a modification, and Fig. 5C is a front view of
a heating head of another modification.

Fig. 6 is a schematic configuration diagram of a form-
ing apparatus that implements a tube diameter ex-
panding method according to Embodiment 2 of the
present invention.

Fig. 7 is a diagram for describing necking occurring
when a disk roller is used.

Description of Embodiments
Embodiment 1

[0021] First, a tube diameter expanding method ac-
cording to Embodiment 1 of the present invention will be
described. The diameter expanding method according
to the present embodiment is implemented by a forming
apparatus 1A illustrated in Fig. 1.

[0022] The forming apparatus 1A partially expands a
tube 2 in diameter by spinning forming. The material con-
stituting the tube 2 is not particularly limited; however,
the diameter expanding method according to the present
embodiment is particularly useful for the tube 2 made of
metal having high deformation resistance. Examples of
the metal having high deformation resistance include a
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worked material which is difficult to plastically deform
such as stainless steel or a titanium alloy. Even if the
tube 2 is not made of the worked material which is difficult
to plastically deform but is made of soft steel or an alu-
minum alloy having a thickness of 8 mm or more, defor-
mation resistance becomes high.

[0023] Specifically, the forming apparatus 1A includes
a base 11 and a turntable 12 rotatably supported by the
base 11. The turntable 12 is rotated by a motor, not illus-
trated. In the present embodiment, an axial direction of
the turntable 12 is a vertical direction; however, the axial
direction of the turntable 12 may be another direction
such as a horizontal direction.

[0024] A lower end (one end) of the tube 2 is fixed to
the turntable 12 such that a center axis 20 of the tube 2
and a rotation center of the turntable 12 are aligned. To
be specific, the tube 2 is rotated about the center axis
20. In the present embodiment, the lower end of the tube
2 is fixed to the turntable 12 by a chuck 13 provided on
the turntable 12. However, the method of fixing the lower
end of the tube 2 to the turntable 12 is not limited to this.
For example, in lieu of the chuck 13, a tubular body fitted
with the tube 2 may be provided on the turntable 12, and
the lower end of the tube 2 may be fixed to the tubular
body with a bolt.

[0025] Further, the forming apparatus 1A includes a
rod-like roller 3 that presses the tube 2 from inside, a
heater 4 that heats the tube 2 from outside, and a cooler
5 that cools the tube 2 from outside.

[0026] Therod-likeroller 3 extendsinthe axial direction
of the tube 2 and has a cylindrical shape. The rod-like
roller 3 is inserted into the tube 2 from an upper end (the
other end) of the tube 2 and is brought into contact with
a forming region 21 extending from the upper end to a
predetermined position of the tube 2. In the present em-
bodiment, a tip of the rod-like roller 3 is flat and parallel
to a plane orthogonal to the axial direction of the tube 2.
Therefore, a peripheral surface of the rod-like roller 3 is
connected to a tip surface of the rod-like roller 3 via a
curved portion of the rod-like roller 3, the curved portion
having a small curvature radius.

[0027] The axial direction of the rod-like roller 3 is not
necessarily required to be perfectly parallel to the axial
direction of the tube 2 but may be substantially parallel
(for example, an angular difference between the axial
directions is within = 10 degrees). In addition, the pe-
ripheral surface of the rod-like roller 3 may have a tubular
shape parallel to the axial direction of the tube 2, or may
be a tapered shape tapering upward or downward. Fur-
ther, the peripheral surface of the rod-like roller 3 is not
necessarily smooth and may have small unevenness.
[0028] The rod-like roller 3 is provided with a shaft 31
that projects upward from an upper-end surface of the
rod-like roller 3. The shaft 31 is rotatably supported by
an arm 15. To be specific, the rod-like roller 3 rotates
following rotation of the tube 2 when the rod-like roller 3
contacts the forming region 21 of the tube 2.

[0029] Thearm 15isconnected toa firstmoving device
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14 attached to a post 14a rising from the base 11. The
first moving device 14 functions as a roller moving device
that moves the rod-like roller 3 in the axial direction and
a radial direction of the tube 2 via the arm 15. In the
present embodiment, the first moving device 14 includes
a pair of linear actuators whose axial directions are or-
thogonal to each other. Each linear actuator may be an
electric/hydraulic/pneumatic cylinder, a ball screw mech-
anism, or a rack-and-pinion mechanism. However, the
first moving device 14 may be a robot arm.

[0030] The heater 4 heats the forming region 21 of the
tube 2. In the present embodiment, the heater 4 heats
the forming region 21 of the tube 2 by induction heating.
Specifically, as illustrated in Fig. 2, the heater 4 includes
a heating head 41 facing an outer peripheral surface of
the tube 2, a plurality of coils 42 embedded in the heating
head 41, and an AC power supply circuit 43 applying an
AC voltage to the coils 42. It is desirable that a frequency
of the AC voltage is a high frequency in a range from 5
kto 400 kHz. To be specific, induction heating is desirably
high-frequency induction heating.

[0031] Inthe presentembodiment, as illustrated in Fig.
4, an angle between the heating head 41 and the rod-
like roller 3 in a circumferential direction of the tube 2 is
180 degrees. However, the angle between the heating
head 41 and the rod-like roller 3 in the circumferential
direction of the tube 2 may be another angle such as 90
degrees. In addition, in the present embodiment, as il-
lustrated in Figs. 4 and 5A, each coil 42 has an oval shape
long in the circumferential direction of the tube 2. How-
ever, as illustrated in Fig. 5B, each of the coils 42 may
have an oval shape long in the axial direction of the tube
2. Alternatively, as illustrated in Fig. 5C, only one coil 42
may be provided so as to form a polygon (for example,
a triangle). Note that a plurality of heating heads 41 may
be provided side by side in the circumferential direction
of the tube 2.

[0032] Returning to Fig. 2, the cooler 5 cools at least
a section (i.e., an upper portion) located near the forming
region 21 and within a non-forming region 22 (i.e., the
region other than the forming region 21 of the tube 2)
extending from the predetermined position described
above to the lower end of the tube 2. In the present em-
bodiment, the cooler 5 cools the non-forming region 22
of the tube 2 by heat transfer to cooler agent. Specifically,
the cooler 5 includes a cooling head 51 that supplies
cooler agent to the outer peripheral surface of the tube
2, and a delivery device 52 which delivers cooler agent
to the cooling head 51 and whose revolution speed can
be changed. For example, in a case where the cooler
agent is a gas (for example, air or inert gas), the delivery
device 52 may be a compressor or a fan. Alternatively,
in a case where the cooler agent is liquid (for example,
water or oil), the delivery device 52 may be a pump.
[0033] A heating temperature of the forming region 21
by the heater 4 is desirably not lower than one third of a
melting point of the material constituting the tube 2, and
more desirably not lower than one half of the melting
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point. It is desirable that a cooling temperature of the
upper portion of the non-forming region 22 by the cooler
5is set sothat the upper portion of the non-forming region
22 is not deformed when the rod-like roller is pressed
against the forming region 21.

[0034] In particular, it is desirable that the heater 4
heats entirety of the forming region 21 to approximately
an identical temperature. In addition, in a case where the
heating temperature of the forming region 21 by the heat-
er 4 is not lower than one half of the melting point of the
material constituting the tube 2, the cooler 5 desirably
cools at least the upper portion of the non-forming region
22 such thatthe temperature is lowered to a temperature
not higher than one quarter of the melting point of the
material constituting the tube 2 in a minimal range ex-
tending from the upper end of the non-forming region 22
to a position slightly away from the upper end in the non-
forming region 22. For example, the minimal range is
substantially equal to the height of the curved portion of
the rod-like roller 3.

[0035] In the present embodiment, the heating head
41 of the heater 4 and the cooling head 51 of the cooler
5 are attached to a holding plate 18. The holding plate
18 is connected to a second moving device 17 attached
to a post 17arising from the base 11. The second moving
device 17 functions as a heating-head moving device
that moves the heating head 41 in the axial direction and
the radial direction of the tube 2 via the holding plate 18
and also functions as a cooling-head moving device that
moves the cooling head 51 in the axial direction and the
radial direction of the tube 2 via the holding plate 18. In
the present embodiment, the second moving device 17
includes a pair of linear actuators whose axial directions
are orthogonal to each other. Each linear actuator may
be an electric/hydraulic/pneumatic cylinder, a ball screw
mechanism, or a rack-and-pinion mechanism. However,
the second moving device 17 may be a robot arm.
[0036] However, the heating head 41 may be attached
tothe arm 15, and the first moving device 14 may function
as the heating-head moving device. Alternatively, the
cooling head 51 may be attached to the arm 15, and the
first moving device 14 may function as the cooling-head
moving device. Furthermore, in lieu of the second moving
device 17, a moving device exclusive for the heating head
41 and a moving device exclusive for the cooling head
51 may be separately provided.

[0037] The AC power supply circuit 43 of the heater 4
and the delivery device 52 of the cooler 5 are controlled
by a control device 6. For example, the control device 6
may be a sequencer (registered trademark), or may be
a computer including a CPU and memories such as a
ROM and a RAM.

[0038] The control device 6 is connected to a first tem-
perature sensor 61 and a second temperature sensor
62. The first temperature sensor 61 detects the temper-
ature of the forming region 21 of the tube 2. The second
temperature sensor 62 detects the temperature of the
upper portion of the non-forming region 22 of the tube 2.
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For example, each of the first temperature sensor 61 and
the second temperature sensor is a radiation thermom-
eter that detects temperature according to infrared light
or visible light.

[0039] In the present embodiment, the first tempera-
ture sensor 61 and the second temperature sensor 62
are attached to a bracket 16 suspended from the arm 15.
To be specific, the first temperature sensor 61 and the
second temperature sensor 62 move together with the
rod-like roller 3. However, the first temperature sensor
61 and the second temperature sensor 62 may be at-
tached to the holding plate 18. Alternatively, the first tem-
perature sensor 61 and the second temperature sensor
62 may be moved by a moving device other than the first
moving device 14 and the second moving device 17, or
may be fixed in a fixed position.

[0040] The control device 6 controls output from the
heater 4 and the cooler 5. Specifically, the control device
6 controls the AC power supply circuit 43 of the heater 4
according to the temperature detected by the first tem-
perature sensor 61, and controls the delivery device 52
of the cooler 5 according to the temperature detected by
the second temperature sensor 62. However, in lieu of
the delivery device 52 whose revolution speed can be
changed, a delivery device whose revolution speed is
constant and a flow control valve provided in a flow path
from the delivery device to the cooling head may be used,
and the flow control valve may be controlled by the control
device 6.

[0041] Next, referring to Figs. 1 to 3, operation of the
forming apparatus 1A for partially expanding the tube 2
in diameter will be described.

[0042] First, the first moving device 14 inserts the rod-
like roller 3 into the tube 2 from the upper end of the tube
2 and brings the rod-like roller 3 into contact with the
forming region 21 of the tube 2 (see Fig. 2). Then, the
turntable 12 rotates the tube 2 about the center axis 20.
However, rotation of the tube 2 may be started before
the rod-like roller 3 is inserted into the tube 2.

[0043] Next, the heater 4 heats the forming region 21,
and the cooler 5 cools at least the upper portion of the
non-forming region 22. When both the forming region 21
and the non-forming region 22 reach desired tempera-
tures, the first moving device 14 moves the rod-like roller
3 in a state of contacting the forming region 21 of the
tube 2, in a direction from the lower end toward the upper
end of the tube 2 (i.e., upward) and outward in the radial
direction of the tube 2. At this time, the second moving
device 17 moves the heating head 41 and the cooling
head 51 in the axial direction and the radial direction of
the tube 2 in synchronization with movement of the rod-
like roller 3. Here, "synchronization" means that, in each
of the axial direction and the radial direction of the tube
2, a movement amount of the heating head 41 and the
cooling head 51 is identical to a movement amount of
the rod-like roller 3. For example, assume that movement
of the rod-like roller 3 in the axial direction of the tube 2
and movement of the rod-like roller 3 in the radial direction
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ofthe tube 2 are separately and intermittently performed,
as will be described later. In that case, when the rod-like
roller 3 is moved in the axial direction of the tube 2, the
heating head 41 and the cooling head 51 are moved only
in the axial direction of the tube 2 by the amount identical
to the movement amount of the rod-like roller 3. When
the rod-like roller 3 is moved in the radial direction of the
tube 2, the heating head 41 and the cooling head 51 are
moved only in the radial direction of the tube 2 by the
amount identical to the movement amount of the rod-like
roller 3.

[0044] Whilethe heating head 41 and the cooling head
51 are moved in the axial direction and the radial direction
of the tube 2, the control device 6 controls the AC power
supply circuit 43 of the heater 4 so that the temperature
detected by the first temperature sensor 61 becomes a
desired temperature and controls the delivery device 52
of the cooler 5 so that the temperature detected by the
second temperature sensor 62 becomes a desired tem-
perature.

[0045] As the rod-like roller 3 moves upward, the form-
ing region 21 gradually narrows and the non-forming re-
gion 22 gradually widens (see Fig. 3) accordingly. Inother
words, as the rod-like roller 3 moves upward and radially
outward, the section which is the lower end of the forming
region 21 becomes a tapered portion expanded in diam-
eter (i.e., the tapered portion indicates a track of the rod-
like roller 3), and the tapered portion becomes part of the
non-forming region 22.

[0046] Each of movement of the rod-like roller 3 in the
axial direction of the tube 2 and movement of the rod-like
roller 3 in the radial direction of the tube 2 may be per-
formed continuously or the movements may be per-
formed separately and intermittently. In addition, the
movement amount of the rod-like roller 3 in the axial di-
rection of the tube 2 may be far greater (the angle of the
tapered portion in the non-forming region 22 is small), or
may be far smaller (the angle of the tapered portion in
the non-forming region 22 is large) than the movement
amount of the rod-like roller 3 in the radial direction of
the tube 2.

[0047] Movement of the rod-like roller 3 upward and
outward in the radial direction of the tube 2 is terminated
when the forming region 21 is expanded in diameter by
a desired amount as illustrated in Fig. 3. Therefore, it is
possible to expand the tube 2 in diameter such that the
tapered portion exists between a small-diameter tubular
portion and a large-diameter tubular portion, in other
words, the tube 2 has one stepped portion. Then, after
once the rod-like roller 3 is removed from the tube 2 and
moved slightly upward, the above-described operation
is repeated. Thus, the tube 2 can be expanded in diam-
eter such that the tube 2 has a plurality of stepped por-
tions. However, the rod-like roller 3 may be moved up-
ward to the upper end of the tube 2 in order to expand
the tube 2 in diameter such that the tube 2 only has the
small-diameter tubular portion and the tapered portion.
[0048] As described above, according to the tube di-
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ameter expanding method of the present embodiment,
the rod-like roller 3 is pressed against the heated forming
region 21 of the tube 2. Therefore, it is possible to expand
the forming region 21 in diameter with a relatively small
pushing force while suppressing occurrence of necking.
In addition, since at least the upper portion of the non-
forming region 22 of the tube 2 is cooled, it is possible to
suppress deformation of the non-forming region 22 when
the rod-like roller 3 is pressed against the heated forming
region 21.

[0049] In addition, in the present embodiment, since
the heating head 41 is moved in the radial direction of
the tube 2 in synchronization with movement of the rod-
like roller 3 in the radial direction of the tube 2, the dis-
tance between the forming region 21 of the tube 2 and
the heating head 41 can be kept approximately constant.
Therefore, it is possible to expand the forming region 21
in diameter while stably heating the forming region 21.
In particular, in the present embodiment, the heating
head 41 is also moved in the axial direction of the tube
2 in synchronization with movement of the rod-like roller
3 in the axial direction of the tube 2. Therefore, it is pos-
sible to keep positional relationship between the tip of
the rod-like roller 3 and the heating head 41 unchanged
even if the forming region 21 gradually narrows as the
rod-like roller 3 moves in the axial direction of the tube 2.
[0050] Further, inthe presentembodiment, the cooling
head 51 is moved in synchronization with movement of
the rod-like roller 3. Therefore, it is possible to keep po-
sitional relationship between the tip of the rod-like roller
3 and the cooling head 51 unchanged even if the forming
region 21 gradually narrows as the rod-like roller 3 moves
in the axial direction of the tube 2. Therefore, at least the
upper portion of the non-forming region 22 can be con-
tinuously cooled.

Embodiment 2

[0051] Next, a tube diameter expanding method ac-
cording to Embodiment 2 of the present invention will be
described. In the present embodiment, a forming appa-
ratus 1B illustrated in Fig. 6 implements the tube diameter
expanding method. In the present embodiment, an angle
between a heating head 41 and a rod-like roller 3 in a
circumferential direction of a tube 2 is 90 degrees. To be
specific, the rod-like roller 3 is moved in an up-down di-
rection and a direction orthogonal to the paper surface
of Fig. 6 by a first moving device 14 (not illustrated in Fig.
6). Further, in the present embodiment, the forming ap-
paratus 1B includes an auxiliary roller 7. The other con-
figuration of the forming apparatus 1B is identical to that
of the forming apparatus 1A of Embodiment 1.

[0052] The auxiliary roller 7 extends in an axial direc-
tion of the tube 2 and has a cylindrical shape with a semi-
spherical tip. In the present embodiment, an angle be-
tween the rod-like roller 3 and the auxiliary roller 7 in the
circumferential direction of the tube 2 is 90 degrees. How-
ever, the angle between the rod-like roller 3 and the aux-
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iliary roller 7 in the circumferential direction of the tube 2
may be another angle such as 180 degrees.

[0053] At least during forming, the auxiliary roller 7
comes into contact with at least an upper portion (section
including an upper end of the tube 2) of a forming region
21 from outside the tube 2. In the present embodiment,
a length of the auxiliary roller 7 is shorter than a length
of the rod-like roller 3 and comes into contact with only
the upper portion of the forming region 21. However, the
length of the auxiliary roller 7 may be equal to or longer
than that of the rod-like roller 3, and the auxiliary roller 7
may be brought into contact with entirety of the forming
region 21.

[0054] The auxiliary roller 7 is provided with a shaft 71
that projects upward from an upper-end surface of the
auxiliary roller 7. The shaft 71 is rotatably supported by
an arm 81. To be specific, the auxiliary roller 7 rotates
following rotation of the tube 2 when the auxiliary roller
7 contacts the upper portion of the forming region 21 of
the tube 2.

[0055] The arm 81 is connected to a linear actuator 82
attached to a post 83 rising from a base 11. The linear
actuator 82 moves the auxiliary roller 7 in a radial direc-
tion of the tube 2 via the arm 81. For example, the linear
actuator 82 may be an electric/hydraulic/pneumatic cyl-
inder, a ball screw mechanism, or a rack-and-pinion
mechanism.

[0056] In the present embodiment, the linear actuator
82 is controlled by a control device 6 so that the auxiliary
roller 7 is always pressed against the tube 2 with a con-
stant pressing force. To be specific, when the first moving
device 14 moves the rod-like roller 3 in a state of con-
tacting the forming region 21 of the tube 2, upward and
radially outward, the auxiliary roller 7 supports at least
the upper end of the tube 2 from outside in the radial
direction. In other words, while at least the upper end of
the tube 2 is supported by the auxiliary roller 7, the rod-
like roller 3 is pressed against the forming region 21. Note
that a thickness of the forming region 21 becomes thinner
as the diameter expands. Therefore, a moving speed of
the auxiliary roller 7 in the radial direction of the tube 2
is slower than a moving speed of the rod-like roller 3 in
the radial direction of the tube 2.

[0057] Also in the present embodiment, similar effects
as in Embodiment 1 can be obtained. In addition, in the
present embodiment, due to action of the auxiliary roller
7, deflection of the tube 2 during forming can be prevent-
ed.

Other Embodiments

[0058] The present invention is not limited to the
above-described Embodiments 1 and 2, and various
modifications are possible without departing from the
subject matter of the present invention.

[0059] Forexample, a heater 4 may be disposed such
that a heating head 41 faces an inner peripheral surface
of a tube 2, and a forming region 21 may be heated from
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inside of the tube 2. However, if the forming region 21 is
heated from outside of the tube 2, it is possible to further
suppress protrusion of the inner peripheral surface of the
tube 2 which may be caused by pressing of a rod-like
roller 3 as compared to a case where the forming region
21 is heated from inside of the tube 2. Similarly, a cooler
5 may also be disposed such that a cooling head 51 sup-
plies cooler agent to the inner peripheral surface of the
tube 2, and may cool at least an upper portion of a non-
forming region 22 from inside of the tube 2.

[0060] In addition, the heater 4 does not necessarily
heat the forming region 21 of the tube 2 by induction
heating. For example, as the heater 4, a burner emitting
aflame from a nozzle (heating head) may be used. How-
ever, in a case where the burner is used to heat the form-
ing region 21 of the tube 2, a temperature gradient be-
tween the forming region 21 and the non-forming region
22 becomes gentle. In contrast, in a case where the form-
ing region 21 is heated by induction heating, the temper-
ature gradient between the forming region 21 and the
non-forming region 22 becomes steep. Therefore, if the
forming region 21 is heated by induction heating, defor-
mation of the non-forming region 22 can be more effec-
tively suppressed. In other words, it is possible to accu-
rately form a tapered portion in the non-forming region
22 indicating a track of the rod-like roller 3.

[0061] In addition, a second moving device 17 may not
have the function of moving the heating head 41 and the
cooling head 51 in the axial direction of the tube 2, and
may only have the function of moving the heating head
41 and the cooling head 51 in the radial direction of the
tube 2. To be specific, when a first moving device 14
moves the rod-like roller 3 in a state of contacting the
forming region 21 of the tube 2, upward and outward in
the radial direction of the tube 2, the second moving de-
vice 17 may move the heating head 41 and the cooling
head 51 in the radial direction of the tube 2 in synchro-
nization with only movement of the rod-like roller 3 in the
radial direction of the tube 2.

[0062] In addition, in a case where a diameter expan-
sion amount of the tube 2 is small, either one or both of
the heating head 41 and the cooling head 51 may be
fixed in a fixed position. Alternatively, even in a case
where the diameter expansion amount of the tube 2 is
large, the cooling head 51 may be fixed at a fixed position
and a supply amount of cooler agent to be supplied to
the inner peripheral surface or an outer peripheral sur-
face of the tube 2 may be controlled according toa second
temperature sensor 62.

[0063] The cooler 5 does not necessarily have to cool
at least the upper portion of the non-forming region 22
of the tube 2 by heat transfer to cooler agent. For exam-
ple, the cooler 5 may be configured to cool at least the
upper portion of the non-forming region 22 by contacting
a heat radiator that deforms according to forming of the
tube 2.

[0064] A tip of the rod-like roller 3 may be semi-spher-
ical. However, if the tip of the rod-like roller 3 is flat, it is
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possible to further suppress interference between the
rod-like roller 3 and a tapered portion indicating the track
of the rod-like roller 3 in the non-forming region 22 as
compared to a case where the tip of the rod-like roller 3
is semi-spherical. Therefore, it is possible to accurately
expand the forming region 21 of the tube 2 in diameter.
[0065] In addition, heating of the forming region 21 of
the tube 2, cooling of at least the upper portion of the
non-forming region 22 of the tube 2, and pressing of the
rod-like roller 3 against the forming region 21 are not
necessarily performed simultaneously. For example,
firstly, the forming region 21 of the tube 2 may be heated,
and then heating of the forming region 21 of the tube 2
may be stopped to cool the non-forming region 22. There-
after, cooling of the non-forming region 22 may be
stopped and the rod-like roller 3 may be pressed against
the forming region 21.

Reference Signs List

[0066]

1A, 1B forming apparatus

14 first moving device (roller moving device)

17 second moving device (heating-head moving

device, cooling-head moving device)
2 tube

20 center axis

21 forming region

22 non-forming region

3 rod-like roller

4 heater

41 heating head

5 cooler

51 cooling head

6 control device

61 first temperature sensor
62 second temperature sensor
7 auxiliary roller

Claims

1. A tube diameter expanding method comprising:

rotating a tube having one end fixed to a turnta-
ble about a center axis of the tube;

inserting a rod-like roller which extends in an
axial direction of the tube into the tube from an-
other end of the tube, and bringing the rod-like
roller into contact with a forming region extend-
ing from the other end to a predetermined posi-
tion of the tube;

heating the forming region of the tube;

cooling at least a section located near the form-
ing region and within a non-forming region ex-
tending from the predetermined position to the
one end of the tube; and
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moving the rod-like roller in a state of contacting
the forming region of the tube, in a direction from
the one end of the tube toward the other end of
the tube and outward in a radial direction of the
tube.

The tube diameter expanding method according to
claim 1, wherein the forming region of the tube is
heated from outside of the tube.

The tube diameter expanding method according to
claim 1 or 2, wherein the forming region of the tube
is heated by induction heating.

The tube diameter expanding method according to
any one of claims 1 to 3, wherein,

the forming region of the tube is heated by using a
heater which includes a heating head that faces an
inner peripheral surface or an outer peripheral sur-
face of the tube, and

when the rod-like roller in a state of contacting the
forming region of the tube is moved in the direction
from the one end toward the other end of the tube
and outward in the radial direction of the tube, the
heating head is moved in the radial direction of the
tube in synchronization with movement of the rod-
like roller.

The tube diameter expanding method according to
any one of claims 1 to 4, wherein

the non-forming region of the tube is cooled by using
a cooler which includes a cooling head that supplies
cooler agent to an outer peripheral surface of the
tube, and

when the rod-like roller in a state of contacting the
forming region of the tube is moved in the direction
from the one end toward the other end of the tube
and outward in the radial direction of the tube, the
cooling head is moved in the axial direction and the
radial direction of the tube in synchronization with
movement of the rod-like roller.

The tube diameter expanding method according to
any one of claims 1 to 5, wherein in a state where
an auxiliary roller supports at least the other end of
the tube from outside in the radial direction, the rod-
like roller in a state of contacting the forming region
of the tube is moved in the direction from the one
end toward the other end of the tube and outward in
the radial direction of the tube.

The tube diameter expanding method according to
any one of claims 1 to 6, wherein a tip of the rod-like
roller is flat.

The tube diameter expanding method according to
any one of claims 1 to 7, wherein the tube has a
thickness of not less than 8 mm.
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A forming apparatus comprising:

a turntable to which one end of a tube is fixed;
a rod-like roller which extends in an axial direc-
tion of the tube, the rod-like roller being inserted
into the tube from another end of the tube and
being brought into contact with a forming region
extending from the other end to a predetermined
position of the tube;

a heater which heats the forming region of the
tube;

a cooler which cools at least a section located
near the forming region and within a non-forming
region extending from the predetermined posi-
tion to the one end of the tube; and

aroller moving device which moves the rod-like
roller in the axial direction and a radial direction
of the tube.

The forming apparatus according to claim 9, further
comprising:

a first temperature sensor which detects tem-
perature of the forming region of the tube;

a second temperature sensor which detects
temperature of the section located near the
forming region and within the non-forming re-
gion of the tube; and

a control device which controls the heater ac-
cording to temperature detected by the first tem-
perature sensor and controls the cooler accord-
ing to temperature detected by the second tem-
perature sensor.

The forming apparatus according to claim 9 or 10,
wherein the heater heats the forming region by in-
duction heating.

The forming apparatus according to any one of
claims 9to 11, wherein the heater includes a heating
head which faces an inner peripheral surface or an
outer peripheral surface of the tube,

the forming apparatus further comprising a heating-
head moving device which moves the heating head
in the radial direction of the tube in synchronization
with movement of the rod-like roller, when the roller
moving device moves the rod-like roller in a state of
contacting the forming region of the tube, in a direc-
tion from the one end toward the other end of the
tube and outward in the radial direction of the tube.

The forming apparatus according to any one of
claims 9 to 12, wherein the cooler includes a cooling
head which supplies cooler agent to an outer periph-
eral surface of the tube,

the forming apparatus further comprising a cooling-
head moving device which moves the cooling head
in the axial direction and the radial direction of the
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14.

15.

tube in synchronization with movement of the rod-
like roller, when the roller moving device moves the
rod-like roller in a state of contacting the forming re-
gion of the tube, in a direction from the one end to-
ward the other end of the tube and outward in the
radial direction of the tube.

The forming apparatus according to any one of
claims 9 to 13, further comprising an auxiliary roller
which supports at least the other end of the tube from
outside in the radial direction of the tube, when the
roller moving device moves the rod-like roller in a
state of contacting the forming region of the tube, in
a direction from the one end toward the other end of
the tube and outward in the radial direction of the
tube.

The forming apparatus according to any one of
claims 9to 14, wherein a tip ofthe rod-like roller is flat.
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