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The molding system disclosed Is a molding system for expanding and molding a metal pipe within a mold. The molding system Is
provided with: a preliminary molding device that makes a preliminary mold of metal pipe material; a molding device having an air
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unit in a plane view and not on a second line joining the cutting unit and the main unitin a plane view.
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ABSTRACT

A disclosed forming system is a forming system which
expands and forms a metal pipe in a die. The forming system
includes a preliminary forming apparatus which preliminarily
forms a metal pipe material, a forming apparatus which includes
a gas supply unit which supplies gas into the preliminary-formed
and heated metal plpe material to expand the metal pipe material
and a main body porticn towhich thedie is attached, and a cutting
device which,éuts at least a portion of the formed metal pipe.
The gas supply unit is provided so as not to be disposed on a
first straight line which connects the preliminary forming
apparatus and the main body portion in a plan view and a second
straight line which connects the cutting device and the main

body portion in a plan view.
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DESCRIPTION

Title of Invention

MOLDING SYSTEM

Technical Field
[0001]
The present invention relates to a molding system (forming

system) which forms a metal pipe.

Background Art

[0002]

In the related art, a forming apparatus is known, which
performs forming by supplying gas into a heated metal pipe

material to expand the metal pipe material. For example, a

forming apparatus disclosed in PTL 1 includes an upper die and

=) lowef die which are 1in a palr, a holding unit‘which holds a
metal pipe material between the upper die and the lower die,
and a gas supply unit which supplies gas into the metal pipe
material held by the holding unit. In this forming apparatus,
the metal pipe material is expanded by supplying gas into the
metal pipe material in the state where the metal pipe material
1s held between the upper die and the lower die, and it is possible

to form the metal pipe material in the shape corresponding to

the shapes of the dies.
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Citation List
00031
Patent Literature

[PTL1] Japanese Patent No. 3761820

Summary of Invention
Technical Problem

[00C4]

Here, preliminary forming such as bending is performed in

advance before the metal pipe material 1s expanded. 1In addition,
cutting may be performed on the expansion-formed metal pipe.
In a case where a series of the preliminary forming, the forming,
and cutting are continuously performed con the metal pipe material,
if a gas supply unit 1s disposed on a path in which the metal
pipe material is transported from a preliminary forming

apparatus to a forming apparatus, the gas supply unit becomes
an obstacle when the metal pipe material 1s transported.
Accordingly, a method is considered in which the gas supply unit
is moved so as to be largely separated from the main body portion
of the forming apparatus when the metal pipe material is

transported. In this case, there is a problem in that a size

of a moving mechanism for moving the gas supply unit increases.

In addition, time for moving largely the gas supply unit is

required, and there is a problem that a fcocrming cycle time of
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the metal pipe is lengthened. In a case where the gas supply

unit is disposed on a path in which the formed metal pipe 1s
transported from the forming apparatus to a cutting device,

similar problems may occur.

[0005]

An object of the present invention is to provide a forming
system in which a gas supply unit of a forming apparatus does
not obstruct a metal pipe material which is transported from
a preliminary forming apparatus to a forming apparatus and a
metal pipe which is transported from the forming apparatus to

a cutting device.

Soclution to Problem

[(0006]

According to an aspect of the present invention, there is
provided a forming system which expands and forms a metal pipe

in a die, including: a preliminary forming apparatus which

preliminarily forms a metal pipe material; a forming apparatus
which includes a gas supply unit which supplies gas into the
preliminary-formed and heated metal pipe materlial to expand the
metal pipe material and a main body pcrtion to which the die

is attached; and a cutting device which cuts at least a portion

of the formed metal pipe, in which the gas supply unit 1s provided
so as not to be disposed on a £irst straight line which connects

the preliminary forming apparatus and the main body portion in
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a plan view and a second straight line which connects the cutting

device and the main body porticn in a plan view.

[0007]

According to the forming system, the gas supply unit is
provided so as not to be disposed on the first straight line
which connects the preliminary forming apparatus and the main
body portion in a plan view and the second straight line which
connects the cutting device and the main body porticen in a plan
view. Accordingly, in a case where the preliminary formed metal
pipe material is transported from the preliminary forming

apparatus to the forming apparatus, the gas supply unit is not

disposed on the first straight iine which 1s a portion of a

transport path of the metal pipe material. Therefore, the gas
supply unit of the forming apparatus does not obstruct the metal
pipe material which is transported from the preliminary forming
apparatus to the forming apparatus. In addition, in a case where
the formed metal pipe is transported from the forming apparatus

to the cutting device, the gas supply unit is not disposed on

the second straight line which is a portion of the transport
path of the metal pipe. Accordingly, the gas supply unit of the

forming apparatus does not cbstruct the metal plpe which is
transported from the forming apparatus to the cutting device.
Therefore, according to the forming system, since 1t is not
necessary to increase a size of a moving mechanism for moving

the gas supply unit and largely move the gas supply unit, the
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gas supply unit does not obstruct the metal pipe material which

is transported from the preliminary forming apparatus to the
forming apparatus, and the metal pipe which 1s transported the
forming apparatus to the cutting device.

10008]

Tn addition, in a case where horizontal directions

orthogonal to each other with respect to a center of the forming

apparatus are the first direction and the second direction, the

preliminary forming apparatus and the cutting device may be

disposed on one side in the first direction from the forming

apparatus, the preliminary forming apparatus may be disposed
on one side in the second directicn from the forming apparatus,
and the cutting device may be dispcsed on the other side in the
second direction from the forming apparatus.

[0009]

According to the forming system, the preliminary forming
apparatus, the forming apparatus and the cutting device are not
disposed in a row in the horizontal direction, and, for example,
can be disposed in a V shape, a U shape, or the like in a plan
view. Accordingly, compared to a case where the preliminary

forming apparatus, the forming apparatus and the cutting device

are simply disposed in a row, it is possible to decrease a site
area of the forming system.

(0010]

Here, a pair of the gas supply units are provided in the
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second directicn i1n a state where the center of the forming
apparatus is interposed between the gas supply units. In this
case, for example, when the metal pipe material is transported
fromthe preliminary forming apparatus to the forming apparatus,
it is possible to dispose the preliminary forming apparatus with
respect to the forming apparatus such that the pair of gas supply
units which are disposed in the forming apparatus do not
interfere with the metal pipe material.
(C011]

In addition, the forming system may further include a

from

handling device which transports the metal pipe materia

the preliminary forming apparatus to the forming apparatus, and
the handling device may be disposed on the one side 1n the first
direction from the forming apparatus, andmay be disposed between
the preliminary forming apparatus and the cutting device. In
this case, it is possible to dispcse the handling device which
transports the metal pipe material such that the transported

metal pipe material does not interfere with varicus components

such as the gas supply unit of the forming apparatus.

[0012]

In addition, the forming system may further include a wall
which is provided on the cother side in the first direction from

the forming apparatus, and a gas supply source which 1s provided

on the other side in the first direction from the wall and

supplies the gas to the gas supply unit. In this way, since the
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wall is disposed on the sides opposite to the preliminary forming
apparatus and the cutting device in the state where the forming
apparatus is interposed therebetween, 1t 1s possible to decrease
a distance between the wall and the forming apparatus in the
first direction. Accordingly, it is possible to further
decrease the site area of the forming systemn.

[0013]

Mcreover, in a case where horizontal directions orthogonal
to each other with respect td a center of the forming apparatus
are the first direction and the second direction, the gas supply
unit may be separated from the center of the forming apparatus
and may be provided in the first directiocn, and the preliminary
forming apparatus, the forming apparatus, and the cutting device
may be disposed in the second direction.

(0014}

According tc this forming system, 1in a case where the

preliminary-formed metal pipe material is transported from the

preliminary forming apparatus to the forming apparatus arranged
in the second direction, since the gas supplyunit 1s not disposed
cn the transport path of the metal pipe material, the gas supply

unit of the forming apparatus does not obstruct the metal pipe
material which is transported from the preliminary forming

apparatus to the forming apparatus. Inaddition, in a case where
the formed metal pipe 1s transported from the forming apparatus

to the cutting device arranged 1n the second direction, since
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the gas supply unit is not disposed on the transport path of
the metal pipe, the gas supply unit of the forming apparatus
does not obstruct the metal pipe which is transported from the
forming apparatus to the cutting device. Accordingly, it is
possible to dispcse the gas supply unit so as to be separated
from the centef Qf the forming apparatus in the first direction,
1t 1s possible to arrange the preliminary forming apparatus,
the forming apparatus, and the cutting device in the second
direction orthogonal to the first direction, and it is possible
to decrease the site area of the forming system.

[0015]

In addition, a palr of the gas supply units may be provided
in the first direction in a state where the center of the forming
apparatus is interposed between the gas supply units. In this
case, 1t 1s possible todispose thepreliminary forming apparatus
with respect tc the forming apparatus such that the pair of gas
supply units do not interfere with the metal pipe material when
the metal pipe material is transported from the preliminary
forming apparatus to the forming apparatus. In addition, it is
posslble to dispose the cutting device with respect to the
forming apparatus such that the pair of gas supply units do not
interfere with the metal pipe when the metal pipe is transported
from the forming apparatus to the cutting device.

(0016]

Mcreover, the preliminary forming apparatus, the forming
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apparatus, and the cutting device are disposed in this order

in the second direction. In this case, it is possible to
sequentially and continually perform a series of a preliminary
forming process, a forming process, and a cutting process on

the metal pipe material (metal pipe).

Advantageous Effects of Invention

[0017]

According to the aspect of the present invention, it is
possible to provide a forming system in which the gas supply
unit of the forming apparatus does not obstruct the metal pipe
material which 1s transported from the preliminary forming
apparatus to the forming apparatus and the metal pipe which is

transported from the forming apparatus to the cutting device.

Brief Description ¢f Drawings

(10018]

Fig. 1 1s a schematic plan view of a forming system

according to an embodiment of the present invention.

Fig. 2 is a schematic configuration view of a forming

apparatus and a blow mechanism.

Figs. 3A and 3B are sectional views taken along line
IITI-III shown in Fig. 2, and are schematic sectional views of
a blow forming die.

Figs. 4A to 4C are enlarged views around an electrode, Fig.
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dA 1s a view showing a state where the electrode holds a metal

pipe material, Fig. 4B 1s & view showing a state where a seal

mempber abuts on the electreode, and Fig. 4C is a front view of
the electrode.

Fig. 5 1s a view showing a manufacturing process performed
by the forming apparatus, Fig. 5(a) is a view showing a state
where the metal pipe material 1s set into the die, and Fig. 5(b)
is a view showing a state where the metal pipe material is held

by the electrode.

Fig. 6 1s a view showlng a blow forming process performed

by the forming apparatus and a flow after the blow forming
process.

Figs. 7A to 7E are views showing the metal pipe material
and ametal pipe, Fig. 7A 1s a view showing themetal pipe material
before preliminary forming is performed, Fig. 7B 1s a view
showing thé metal pipe material after the preliminary forming
is performed, Fig. 7C 1is a view showing the metal pipe material
during forming, Fig. 7D 1is a view showing the metal pipe after
the forming, and Fig. 7E is a view showing the metal pipe after
end portions are cut.

Figs. BA to 8C are views showing another example cf the

operation of the blow forming die and a change of the shape of

the metal pipe material, Fig. 8A is a view showing a state where
the metal pipe material 1s set to the blow forming die, Fig.

8B is a view showing a state when blow fcrming is performed,
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and Fig. 8C is a view showing a flange section is formed by a

press.

Fig. 9 is a schematic plan view of the forming system

according to another embodiment of the present invention.

Descripticon of Embodiments

[0019]

Hereinafter, a preferred embcdiment of a forming system
according to the present invention will be described with
reference to the drawings. In addition, in each drawing, the
same reference numerals are assigned to the same portions or
the corresponding portions, and overlapping descriptions
thereof are omitted.

[0020]

Configuration of Forming system

Fig. 1 1s a schematic plan view of a forming system of the
present embodiment. AsshowninFig. 1, a formingsystemlmainly

includes a preliminary forming apparatus 2 which preliminarily

forms a metal pipe material, a forming apparatus 10 which forms

the prellminary-formedmetal pipe material, and a cutting device

3 which cuts at least a portion of the formed metal pipe. In
addition te the above-described configurations, the forming
system 1 includes a gas supply source 4 which supplies

high~pressure gas (gas) to the forming apparatus 10, a wall 5

which is provided between the forming apparatus 10 and the gas
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supply source 4, a first handling device 6 which transports the
preliminary-formed metal pipe material from the preliminary
ferming apparatus 2 to the forming apparatus 10, a second
handling device 7 which transports the formed metal pipe from
the forming apparatus 10 to the cutting device 3, and a path
8 through which the gas is supplied from the gas supply source
4 to the forming apparatus 10.

[0021]

In the following descriptions, a pipe formed by the forming
apparatus 10 is referred to as a metal pipe 80 (refer to as Fig.
7D}, and a pipe at a step befcre it is formed by the forming
apparatus 10 i1s referred to as metal pipe materials 14 to 14B
(refer to Figs. 7A to 7C). In addition, a pipe in which both
end portions 80c and 80d of the metal pipe 80 are cut by the
cutting device 3 is referred to as a metal pipe 90 (refer to
Fig. 7TE).

[0022]

In addition, hereinafter, for explanation, in a plan view
as shown in Fig. 1, horizontal directions orthogonal to each
other with respect to the center of the forming apparatus 10

are respectively referred to as a directlion X (first direction)
and a direction Y (second direction). The preliminary forming
apparatus 2 and the cutting device 3 are disposed cone side

(hereinafter, simply referred to as one side in the direction

X) in the direction X from the forming apparatus 10. Moreover,
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the preliminary forming apparatus 2 is disposed on one side
(hereinafter, simply referred to as one side in the direction
Y} in the direction Y frcm the forming apparatus 10, and the

cutting device 3 1is dispocsed on the other side (hereinafter,

simply referred to as the other side 1in the direction Y) in the
direction Y from the forming apparatus 10. That is, the

preliminary forming apparatus 2, the forming apparatus 10, and
the cutting device 3 are disposed in a V shape (or U shape) in
a planview. Thepreliminary forming apparatus 2 and the forming
apparatus 10 (for example, the center of the preliminary forming
apparatus 2 and the center of the forming apparatus 10) are
connected to each other by a first straight line L1 in a plan
view, and the forming apparatus 10 and the cutting device 3 (for

example, the center of the forming apparatus 10 and the center

of the cutting device 3) are connected to each other by a second

straight line L2 in plan view.

[0023]

The wall 5 is provided on the other side (hereinafter,
simply referred to as the other side in the direction X) in the
direction X from the fcrming apparatus 10, and the gas supply
source 4 1s provided on the other side in the direction X from
the wall 5.

10024 ]

The first handling apparatus 6 is disposed on the one side

in the direction X from the forming apparatus 10 and is disposed



10

15

20

25

CA 029b2543 2016-12-15

14 FP15-0311-00CA~-SHI

between the preliminary forming apparatus 2 and the cutting
device 3. More Specifically, the first handling device 6 1is
disposed on the one side in the direction Y between the
preliminary forming apparatus 2 and the cutting device 3. The
second handling device 7 1s disposed on the one side in the
directicon X from the forming apparatus 10 and is disposed between
the first handling device 6 and the cutting device 3. More
specifically, the second handling device 7 is disposed on the
other side in the direction Y between the preliminary forming
apparatus 2 and the cutting device 3.

[0025]

The preliminary forming apparatus 2 is an apparatus which

performs preliminary forming on the transported metal pipe

material 14 and deforms the metal pipe material 14 into a desired
shape. Here, the preliminary forming means plastic deformation

performing on the metal pipe material 14 before the metal pipe

80 1s formed by the forming apparatus 10. For example, as the
preliminary forming, there are various plastic working such as
bending or embossing. In the present embodiment, the
preliminary forming apparatus 2 performs bending (prebending)
at a predetermined position of the metal pipe material 14.
Accordingly, for example, the preliminary forming apparatus 2
includes a component for holding the metal pipe materizl 14,
a component which applies a pressure to the held metal pipe

material 14 sc as to bend the metal pipe material 14, or the
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like.

[0026]
The forming apparatus 10 is an apparatus which deforms the

preliminary-formed metal pipe material 14A (refer to Fig. 7B)

into a desired shape using a blow forming die {(die) 13 (refer
to Fig. 2) attached to a main body portion 100 so as to obtain
the metal pipe 80. The forming apparatus 10 includes a pipe
holding mechanism 30 (refer to Fig. 2) which holds the end portion
of the 'metal pipe material 14A, and a pair of gas supply

mechanisms (gas supply units) 40 and 40 which supply gas to the
metal pipe material 14A so as to expand the metal pipe material
14A. The pair of gas supply mechanisms 40 and 40 are disposed
in the direction Y in the state where the center of the forming
apparatus 10 1s i1nterposed therebetween. Each of the pair of
gas supply mechanisms 40 and 40 is connected to the gas supply
source 4 via thepath 8. Eachof thepair of gas supply mechanisms

40 and 40 1is not disposed on the first straight line L1 and the

- second straight line 1.2 shown in Fig. 1. Details of the further

configurations of the forming apraratus 10 and details of the

forming method performed by the forming apparatus 10 will be

described below. However, the center of the main body porticn
100 in a plan view overlaps the center of the forming appératus
10 in a plan view.

(0027 ]

The cutting device 3 1s a device which cuts at least a
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portion of the formed metal pipe 80 so as to obtain the metal

pipe 80. For example, as a methed for cutting the metal pipe
80 by the cutting device 3, there are various cutting such as

laser processing, press processing, or wire cutting processing.

In the present embodiment, the cutting device 3 radiates end
portions 80c and 80d (refer to Fig. 7D) of the metal pipe 80
which are not formed with laser to cut the end portions 80c and
80d. For example, the metal pipe 90 which is formed by the laser
cutting is subjected to a grinding or the like so as to be shipped
as a product.

[0028]

The gas supply source 4 is a device which supplies
high-pressure gas to the pair of gas supply mechanisms 40 and
40 via the path 8. For example, the gas supply source 4 includes
a compressor and an air tank, and performs the forming of the
metal plpe material 14A installed in the forming apparatus 10
using the high-pressure gas supplied by the gas supply source
4 (the detaills will be described below). For example, the
high-pressure gas uses high-pressure air, high-pressure
nitrogen, or the like.

[0C29]

The wall 5 1s installed between the forming apparatus 10
and the gas supply source 4 in the direction X, and is a concrete
wall which extends in the direction ¥. Since the wall 5 is

disposed on the sides opposite to the preliminary forming
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apparatus 2 and the cutting device 3 in the state where the
forming apparatus 10 is interposed therebetween, it is possible
to decrease the distance between the wall 5 and the forming
apparatus 10 in the direction X. For example, the wall 5 can

be used as a protective wall when the forming apparatus 10 or

the gas supply source 4 is damaged.

[0030]

The first handling device 6 1s a device which transports
the metal pipe material 14A from the preliminary forming
apparatus 2 tc the forming apparatus 10. For example, as the
first handling device ¢, a rocbot armhavingmulti axes, a transfer
feeder, c¢cr the like is used. In the present embodiment, from
the viewpoint from the metal pipe material 14A being installed
at a predetermined position in the forming apparatus 10, a robot
arm is used. When the first handling device 6 transports the
metal pipe material 14A, the first handling device 6 1s disposed
such that the metal pipe material 14A does not come into contact

with or does not interfere with one gas supply mechanism 40 of

the forming apparatus 10.
[0031]

The second handling device 7 1s a device which transports
the metal pipe B0 from the forming apparatus 10 to the cutting
device 3. For example, as the second handling device 7, a robot
arm having multi axes, a transfer feeder, or the like is used.

In the present embodiment, from the viewpoint from the metal



CA 029b2543 2016-12-15

18 | FP15-0311-00CA-SHI

pipe B0 being installed at a predetermined position in the

cutting device 3, arobot armis used. The secondhandlingdevice
7 is disposed such the other gas supply mechanism 40 of the

forming apparatus 10 does not obstruct the transported metal

5

10

15

20

25

pipe 8O0.

[0032]

Configuraticn of Forming apparatus and Blow Mechanism
Fig. 2 is a schematic configuration view of the forming

apparatus and a blow mechanism. As shown in Fig. 2, the forming

apparatus 10 forming the metal pipe 80 is configured of a blow

forming die 13 which includes the upper die 12 and the lower
die 11, a slider 82 which moves at least one of the upper die
12 and the lower die 11, a drive section 81 which generates a
drive force for moving the slider 82, a pipe holding mechanism
30 which holds the metal pipe material 14A between the upper
die 12 and the lower die 11, the pair of gas supply mechanisms
40 which supply high-pressure gas (gas) intc the metal pipe

material 14A which is held by the pipe holding mechanism 30,

a heating mechanism {(heating unit) 50 which supplies power to

the metal pipe material 14A held by the pipe holding mechanism
30 to heat the metal pipe material 14A, a control unit 70 which
controls the operations of the drive section 81, the pipe holding
mechanism 30, and the blow forming die 13, and the heating

mechanism 50, and a water circulationmechanism 72 which forcedly

cools the blow forming die 13 with water. 1In addition, the pair
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of gas supply mechanisms 40 and 40 are connected to a blow
mechanism 60 which supplies high~-pressure gas.

[0033]

The co.ntrol unit 70 controls a series of controls such as
a control for closing the blow forming die 13 when the metal
pipe material 14A is heated to a quenching temperature (AC3
transformation point temperature or more) or a control for
blowing high-pressure gas into the heated metal pipe material
14A. Accordingly, the control unit 70 controls the operation
cf the blow mechanism 60 in addition to the operation of the
pipe holding mechanism 30, the heating mechanism 50, or the like.

[0034]

The lower die 11 1s fixed to a large base 15. The lower
die 11 is configured of a large steel block, and includes a cavity
(recessed portion) 16 on the upper surface therecf. In addition,
electrode accommodation spaces 11la are provided around the right
and left ends (right and left ends in Fig. 1) of the lower die
11, and a first electrode 17 and a second electroede 18 which
are configured so as to be movable upward and downward by an
actuator {(not shown) are provided in the electrode accommodation
spaces lla. Semicircular recessed grooves 17a and 18a
corresponding to the lower outer peripheral surface of the metal
pipe material 14A are respectively formed cn the upper surfaces

of the first electrode 17 and the second electrode 18 (refer

to Fig. 4C), and the metal pipe material 14A can be disposed
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so as tobe exactly fitted to the portions of the recessed grooves

172 and 18a. In additicn, a taper recessed surface 17b in which
the vicinity is inclined in a taper shape toward the recessed
groove l7a so as to be recessed i1s formed on the front surface
(the surface in the outside direction of the die) of the first
electrode 17, and a taper recessed surface 18b in which the

viclnity 1s 1nclined 1n a taper shape toward the recessed groove

18a so as to be recessed is formed on the front surface of the
second electrode 18. In addition, a ccoling water passage 19
is formed in the lower die 11, and a thermocouple 21 which is
inserted from the lower portion is provided at the approximately
center of the lower die 11. The thermoccuple 21 is supported
to be movable upward and downward by a spring 22.

[0035]

Moreover, the pair of first electrode 17 and second
electrode 18 positioned on the lower die 11 side configure the
pipe holding mechanism 30, and can liftably support the metal

pipe material 14A between the upper die 12 and the lower die

11. In addition, the thermocouple 21 only is an example of

temperature measurement means, and may be a non-contact type

temperature sensor such as a radiation thermometer or an optical
thermometer. Mcreover, the temperature measurement means may
be omitted as long as a relationship between a power-supply time
and a temperature can be obtained.

[0036]



10

15

20

25

CA 029b2543 2016-12-15

21 FP15~-0311-00CA-SHI

The upper dile 12 includes a cavity (recessed portion) 24

on the lower surface of the upper die and is a steel block in

which the coollng water passage 25 is built. The upper end

porticn of theupperdie 12 1s fixed tothe slider 82. Inaddition,
the slider 82 to which the upper die 12 is fixed 1s suspended
by a pressurlzation cylinder 26, and is guided such that the
upper die 12 1s not laterally swung by guide cylinders 27. The
drive section Bl accorxding to the present embodiment includes
a servo motor 83 which generates a drive force for driving the
slider 82. The drive section 81 is configured of a fluid supply
unit which supplies a fluid (a working fluid in a case where
a hydraulic cylinder is adopted as the pressurization cylinder
26) driving the pressurization cylinder 26 to the pressurization
cylinder 26.

[0037]

As described above, since the blow forming die 13 is
attached tc the maln body portion 100, the main body portion
100 of the forming apparatus 10 includes at least the base 15

and the slider 82.

(0038}

The control unit 70 controls the amount of the fluid which
1s supplied to the pressurization cylinder 26 by contrclling
the serve mctor 83 of the drive section 81. Accordingly, it is
possible to control the movement of the slider 82. In addition,

as described above, the drive section 81 is ncot limited to the
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drive section which applies the drive force to the slider 82

via the pressurization cylinder 26. For example, the drive
secticn 81 may be mechanically connected to the slider 82 and
may directly or indirectly apply the drive force generated by
the servo motor 83 to the slider 2. For example, the drive
section 81 may adopt a drive mechanism which includes, an
eccentric shaft, a drive scurce (for example, a servo motor,
a speed reducer, or the like) which applies a r&tating force
rotating the eccentric shaft and a conversion unit (for example,
a connecting rod, an eccentric sleeve, or the like) which
converts a rotation movement of the eccentric shaft into a linear
movement so as to move a slider. In addition, in the present
embodiment, only the upper die 12 moves. However, the lower die
11 may move in addition to the upper die 12 or instead of the
upper die 12. Moreover, in the present embodiment, the drive

section 81 may not include the servo motor 83.

[C039]

In addition, similarly to the lower die 11, the first

electrode 17 and the second electrode 18 which are configured
sO as to bemovable upward and downward by an actuator (not shown)
are provided 1in electrode accommodation spaces 1l2a provided
around the right and left ends (right and left ends in Fig. 2)
of the upper die 12. Semicircular recessed grooves 17a and 18a
corresponding to the upper outer peripheral surface of the metal

pipe material 14A zre respectively formed on the lower surfaces
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of the first electrode 17 and the second electrode 18 (refer
to Fig. 4C), and themetal pipe material 14A can be exactly fitted
to the recessed grooves 1l7a and 18Ba. In addition, the tapér
recessed surface 17b in which the vicinity is inclined in a taper
shape toward the recessed groove l17a so as to be recessed 1is
formed on the front surface (the surface in the outside direction
of the die) of the first electrode 17, and the taper recessed
surface 18b in which the vicinity is inclined in a taper shape
toward the recessed groove 18a so as to be recessed is formed
on the front surface of the second electrode 18. Accordingly,
the pair of first and second mechanisms 17 and 18 positioned
on the upper die 12 side configure the pipe holding mechanism

30, and i1if the metal pilpe material 14A is interposed in the

vertical direction by the pair of firxst and second electrodes
17 and 18 which are positioned on the upper side and the lower
side, the holding mechanism 30 is confiqured so as to surround
the metal pipe material 14A to exactly come into close contact
with the entire outer circumference of the metal pipe material
14A.

[0040]

Figs. 3A and 3B show the schematic cross section when the
blow forming die 13 is viewed from the side surface direction.
Figs. 3A and 3B are sectionals view of the blow forming die 13

taken along line III-III in Fig. 2, and shows a state of the

position of the die when blow forming is performed. As shown
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1n Figs. 3A and 3B, the rectangular cavity 16 is formed on the
upper surface of the lower die 11. The rectangular cavity 24
1s formed on the lower surface of the upper die 12 at the position
facing the cavity 16 of the lower die 11. In a state where the
blow forming die 13 1is closed, the cavity 16 of the lower die
11 and the cavity 24 c¢f the upper die 12 are combined, and =z
main cavity portion MC which is a rectangular space is formed.
As shown 1n Fig. 3A, themetal pipematerial 14A which is disposed
1n the main cavity portion MC comes into contact with the inner
wall surface of the malin cavity portion MC as shown in Fig. 3B

by expansion, and is formed in the shape (here, the cross section

1s a rectangular shape) of the main cavity portion MC.

[0041]

As shown 1n Fig. 2, each of the pair of gas supply mechanisms
40 includes a cylinder unit 42, a cylinder rod 43 which moves
backward according to the operation of the cylinder unit 42,
and a seal member 44 which is connected to the tip on the pipe

holding mechanism 30 side in the cylinder rod 43. The cylinder

unit 42 1s disposed to be fixed to the base 15 via a block 41.
A taper surface 45 which is tapered is formed on the tip of each
seal mempber 44. One taper surface 45 is formed in a shape which

can be exactly fitted to abut on the taper recessed surface 17b

of the first electrode 17, and the other taper surface 45 is

formed in a shape which can be exactly fitted to abut on the

taper recessed surface 18b of the second electrode 18 (refer
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to Figs. 4A to 4C). A gas passage 46 which extends from the
cvlinder unit 42 side toward the tip and throcugh which
high-pressure gas supplied from the blow mechanism 60 flows is
provided in the seal member 44.

10042]

The heating mechanism 50 1ncludes a power source 51, a lead
wire 52 which extends from the power source 51 and 1s connected
to the first electrode 17 and the second electrode 18, and a
switch 53 which is provided in the intermediate of the lead wire
52. Information is transmitted from (A) to the control unit 70,
and the control unit 70 acguires temperature information from
the thermocouple 21 and controls the pressurization cylinder
26, the switch 53, or the like.

[0043]

The water circulation mechanism 72 includes a water tank
73 in which water is collected, a water pump /4 which pumps and
pressurizes the water collected in the water tank 73 and feeds

the water to the cooling water passage 19 of the lower die 11
and the cooling water passage 25 of the upper die 12, and a pipe
75. Although it is omitted, a cocling tower which decreases the
temperature of water or a filter which purifies water may be
provided in the pipe 75.

[0044]

The blow mechanism 60 includes a high-pressure gas source

61, an accumulator 62 in which the high-pressure gas supplied



10

15

20

25

CA 029b2543 2016-12-15

26 FP15-0311-00CA-SHI

from the high-pressure gas source 61 1s accumulated, a first

tube 63 which extends from the accumulator 62 to the cylinder
unit 42, a pressure control valve 64 and a switching valve 65
which are provided in the intermediate of the first tube 63,
a second tube 67 which extends from the accumulator 62 to the
gas passage 46 formed in the seal member 44, and an on-off valve

68 and a check valve 69 which are provided in the intermediate

of the second tube 67. In addition, the gas supply source 4 shown
in Fig. 1 is configured of the high-pressure gas source 61 and
the accumulator 62 in the blow mechanism 60. In addition, the
path 8 shown in Fig. 1 is configured of the second tube 67, the
on-off valve 68, and the check valve 69 in the blow mechanism
60. In the present embodiment, the path 8 includes the first
tube 63, the pressure control valve 64, and the switching valve
65.

[0045]

The pressure contreol valve 64 plays a role of supplying
high-pressure gas having an operation pressure according to the
pushing force required frém the seal member 44 side to the
cylinder unit 42. The check valve 69 plays a role of preventing
the high-pressure gas in the second tube 67 from flowing backward.
The switching valve 65, the on-off valve 68, or the like is
controlled by the control unit 70.

(0046]

Operation of Forming system
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Next, the operation of the forming system 1 will be

described. Fig. 5 shows apipe loadingprocess inwhich themetal
pipe material 14A which i1s a material is lcaded from a

power—-supply and heating process in which power is supplied to

the metal pipe material 14A so as to heat the metal pipe material
14A. First, the metal .pipe material 14 (refer to Fig. 7A) which
is a kind of steel to which quenching can be applied 1s prepared.
The metal pipe material 14 i1s held by the preliminary forming

apparatus 2, the metal pipe material 14 1s bent, and the metal

pipe material 14A is obtained (refer to Fig. 7B). As shown in
Fig. 5(a), the metal pipe material 14A is disposed on the first
and seccnd electrodes 17 and 18 provided in the lower die 11
side by the first handling device 6 (refer to Fig. 1). Since

the recessed grooves 17a and 18a are respectively formed on the

first and second electrodes 17 and 18, the metal pipe material
14A is positioned by the recessed grooves l1l7a and 18a. Next,
the control unit 70 (refer to Fig. 2) controls the pipe holding
mechanism 30 and holds the metal pipe material 14A by the pipe
holding mechanism 30. Specifically, as shown in Fig. 5(b), the
control unit 70 operates an actuator {(not shown) which can move

the first electrode 17 and the second electrode 18 forward and
backward, and causes the first and second electrodes 17 and 18
to approach and abut on the first and second electrodes 17 and
18 positioned vertically. Due to this abutment, both end

pcrtions of the metal pipe material 14A are held by the first



10

15

20

23

CA 029b2543 2016-12-15

28 FP15-0311-00CA-SHI

and second electrodes 17 and 18 1in the vertical direction. In
addition, the hclding 1s performed such that the first and second
electrodes 17 and 18 come into close-contact with the entire
circumference c¢f the metal pipe material 14A due to the
existences of the recessed grooves 17a and 18a which are
respectively formed on the first and second electrcdes 17 and
18. However, the present invention is nct limited to the
configuration in which the first and second electrodes 17 and
18 come 1into close-contact with the entire circumference of the
metal pipe material 14A. The first and second electrodes 17 and
18 may abut on a portion of the metal pipe material 14A in the
circumferential direction.

[10047]

Subsequently, as shown in Fig. 2, the control unit 70
controls the heating mechanism 50 so as to heat the metal plpe
material 14A. Specifically, the control unit 70 turns on the
switch 53 of the heating mechanism 50. Accordingly, power is
supplied from the power source 51 to the metal pipe material
14A, and the metal pipe material 14A itself emits heat (joule
heat) due toc resistance existing in the metal pipe material 14A.
At thils time, the measurement value of the thermocouple 21 is
always observed, and power supply is controlled based on the
measured result.

10048}

Fig. 6 shows the blow forming process performed by the
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forming apparatus and the flow after the blow forming process.

As shown in Fig. 6, the blow forming die 13 is closed to the
heated metal pipe material 14A, and the metal pipe material 14A
is disposed and sealed in the cavity cf the blow forming die
13. Thereafter, both ends of the metal pipe material 14A are
sealed by the seal members 44 by operating the cylinder units
42 of the gas supply mechanisms 4C (also referred to as Figs.
4A to 4C). After the sealing is completed, high-pressure gas
is blown into the metal pipematerial 14A, themetal pipe material
14A which is softened by heating is deformed according te the
shape of the cavity, and the metal pipe material 14B 1s obtained.

[0049]

The metal pipe material 14A is heated at a high temperature

(approximately 950°C) soc as to be softened, and can be blcw-formed

at a relatively low pressure. Specifically, in a case where a

compressed air having a normal temperature (25°C) at 4MPa 1s
adopted as the high-pressure gas, the compressed air is heated

to approximately 950°C in the sealed metal pipe material 14A,.

The compressed air is thermally expanded, and the pressure of
the compressed air reaches approximately 16 to 17 MPa based on

a Boyle Charles’ law. That is, the metal pipe material 14A of

950°C is easily expanded by the compressor aixr which is thermally

expanded, and it is possible to obtain the metal pipe 80 via

the metal pipe material 14B.

[0050 ]
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The outer peripheral surface of the metal pipe material

14B which is blow-formed and expanded comes into contact with
the cavity 16 of the lower die 11 and is rapidly cooled, and
simultaneously, comes into contact with the cavity 24 of the
upper die 12, is rapidly cooled (since the heat capacities of
the upper die 12 and the lower die 11 are great and the upper
die 12 and the lower die 11 are maintained so as to be low
temperatures, 1f the metal pipe material 14B comes into contact
with the upper die 12 and the lower die 11, the heat on the surface
of the pipe is transmitted to the die side at once) and is
subjected to quenching. This cooling method is referred to as
die contact cooling or die cooling. Immediately after the metal
pipe material 14B 1s rapidly cooled, austenite 1s transformed
to martensite. Since a cooling speed decreases at the latter
half of the cocling, martensite 1s transformed to another
structure (troosite, scorbite, or the like) by radiation heat.

Accordingly, it 1s not necessary to separately perform tempering

processing. In addition, in the present embodiment, cooling is

performed by supplying a cooling medium to the metal pipe 80
instead of the die cooling cor in addition to the die cocling.

[0051]

As described above, the cooling 1s performed after the blow
forming is performed cn the metal plpe material 14A, the die
is opened, and the metal pipe 80 having an approximately

rectangular pipe unit 80a and a flat plate—-shaped flange section
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80b is obtained (refer to Fig. 7D).

[0052]

Next, with reference to ¥igs. BA to 8C, the aspect of the
forming performed by the upper die 12 and the lower die 11 will
be described in detail. In addition, in the descriptions below,
the portion corresponding to each of the pipe unlts 80a of the
metal pipe material 14B during the forming and the metal pipe
80 before the blow forming die 13 1s cpened is referred to as
a “first forming unit 1l4a”, and the portion corresponding to

the flange section 80b is referred to as a “second forming unit

14b”.

[0053]

As shown in Figs. 8A and 8B, in the forming apparatus 10
according to the present embodiment, the blow forming 1s not
performed in the state where the upper die 12 and the lower die
11 are completely closed (clamped). That 1s, since a constant
separation state ismaintained, the blowing forming is performed
in a state where sub cavity portions SCl and SC2 are formed beside
the main cavity portion MC. In this state, the main cavity
portion MC is formed between the surface on a reference line

I1V1 of the cavity 24 and the surface on the reference line LV2Z

of the cavity 16. Inaddition, a sub cavityportion SC1 i1s formed

between the surface of a first protrusion 12b outside the main
cavity portion MC in the upper die 12 and the surface of a first

protrusion 1llb cutside the main cavity portion MC in the lower
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die 11. Similarly, a sub cavity portion SCZ is formed between

the surface of a second protrusion 12c outside the main cavity
portion MC in the upper die 12 and the surface of a second

protrusion llc outside the main cavity portion MC 1n the lower
die 11. The main cavity poi:tion MC and the sub cavity portions

SC1 and SC2 communicate with each other. In addition, in the

present embodiment, the surface of the first protrusion 12b of
the upper die 12 configuring the sub cavity portion SC1l and the
surface of the first protrusion 1lb of the lower die 11 extend
to the end portions (the right sides in a paper surface in each
of Figs. BA to 8C) of the upper die 12 and the lower die 11 1in
the width direction in a state of being separated from each other
in the vertical direction. Similarly, the surface ¢of the second
protrusion 12c of the upper die 12 configuring the sub cavity
portion SC2 and the surface of the second protrusion llc of the
lower die 11 extend to the end portions (the left sides in a
paper surface in each of Figs. BA to B8C) of the upper die 12

and the lower die 11 in the width direction in a state of being

separated from each other in the vertical direction.
Accordingly, the sub cavities SCl and SCZ2 communicate with the

outside of the die. As é result, as shown in Fig. BB, the metal
pipe material 14B which is softened by heating and into which
high-pressure gas i1s injected enter not only the main cavity
portion MC but alsc the sub cavity portions SCl and SC2, and

is expanded.
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[0054]

In the example shown in Figs. 8A to 8C, since themain cavity
portion MC is configured to have a rectangular cross section,
the metal pipe material 14A is blow-formed according tc the shape

5 and is formed in a tubular shape having a rectangular cross
section. In addition, the portion corresponds to the first
forming unit 14a which becomes a pipe unit 80a. However, the
shape of the main cavity portion MC is not particularly limited.
All sectional shapes such as a clrcular cross section, an

10 elliptical cross section, or a polygonal cross section may be
adopted according to a desired shape. 1In addition, since the
main cavity portion MC and the sub cavity porticns SCl and SCZ
communicate with each other, a portion of themetal pipe material
14B enters the sub cavity portions SCl and SCZ2. The portion

15 corresponds to the second forming unit 14b which becomes the

flange section 80b by crushing.

[0055]
As shown in Fig. 8C, at the step after the blow forming
or the step during the blow forming, the upper die 12 and the
20 lower die 11 separated from each cther approach each other.
According to this operation, volumes of the sub cavity portions
SC1l and SC2 decrease, the internal space of the second forming

unit 14b decreases, and the second forming unit 14b 1is folded.

That is, according to approaching between the upper die 12 and

25 the lower die 11, the forming unit 14b of the metal pipe material
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14B entéring the sub cavity portions SC1l and SC2 i1s pressed and
cruShedu As a result, the second forming unit 14b which 1is

crushed in the longitudinal direction of the metal pipe material
14B is formed on the outer peripheral surface of the metal plpe
material 14B. In addition, the time until the press forming cf
the flange section 80b is completed from the blow forming 1is
dependent on the kind of the metal pipe material 14. However,

the press forming of the flange section 80b 1s completed at

approximately 1 to 2 seconds.
[0056]
In the example shown in Figs. 8A to 8C, a gap corresponding

to the thickness of the crushed second forming unit 14b (that

is, flange section B80b) is formed between the surface of the
first protrusion 12b of the upper die 12 and the surface of the
first protrusion 11lb cf the lower die 11 configuring the sub
cavity portion SCl. Similarly, a gap corresponding to the
thickness of the crushed second forming unit 14b (that is, flange
section 80b) is formed between the surface of the second
protrusion 12c of the upper die 12 and the surface of the second
protrusion 1llc of the lower die 11 configuring the sub cavity
portion SC2. Even in this state, the sub cavity portions SC1
and SC2 communicate with the outside of the die. That is, in
the example shown in Figs. 8A to 8C, when the flange section

BCb (second forming unit 14b of the metal pipe material 14B)

of the metal pipe 80 is formed, the sub cavity portions SC1 and
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SC2 communicate with the cutside of the die from forming starting

to forming completion. Accordingly, since air in the sub cavity

pertions SC1 and SCZ2 can be extracted to the cutside of the die
from the forming starting to the forming completion, it is
possible to improve quality of a forming product.

[0057]

Moreover, since the upper die 12 and the lower die 11
approach each other after the blow forming, not only the second
forming unit 1l4b of the metal pipe material 14B entering the
sub cavity portions SCl and SC2 but also the first forming unit
l4a of the metal pipe material 14B of the main cavity portion
MC afe crushed. Since the metal pipe material 14B is heated and
softened, by adjusting a closing speed of the die or the
pressurized gas, 1t 1s possible to finish the metal pipe 80
without loosening or distortion.

[0058]

In addition, in the obtained metal pipe 80, the metal pipe
80 i1s transferred from the forming apparatus 10 to the cutting
device 3 using the second handling device 7. Both end portions
80c and B0d of the metal pipe 80 which are nct expanded are cut
by the cutting device 3, and the metal pipe 90 which is a forming
product is obtained (refer to Fig. 7E).

10059]

In this way, according to the forming system 1 which

performs a series of processing, both of the pair of gas supply
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mechanisms 40 and 40 are provided so as not to be disposed on

the first straight 1line L1 which connects the preliminary forming

apparatus 2 and themain body portion 100 of the forming apparatus
10 to each other in a plan view and the second straight line
L2 which connects the cutting device 3 and the main body portion
100 to each other in a plan view. Accordingly, in the case where
the preliminary-formed metal pipe material 14A 1s transported
from the preliminary forming apparatus 2 to the main body portion
100, the gas supply mechanisms 40 and 40 are not dispcsed on
the first straight line L1 which is a portion of the transpert
path of the metal pipe material 14A. Accordingly, the supply
mechanisms 40 and 40 of the forming apparatus 10 do .not obstruct
the metal pipe material 14A which 1s transported from the

preliminary forming apparatus 2 to the forming apparatus 10.
In addition, in the case where the formed metal pipe B0 is

transported from the forming apparatus 10 to the cutting device
3, the gas supply mechanisms 40 and 40 are not disposed on the
second straight line L2 which is a portion of the transport path

of the metal pipe 80. Accordingly, the supply mechanisms 40 and

40 of the forming apparatus 10 do not obstruct the metal pipe

80 which is transported from the forming apparatus 10 to the
cutting device 3. Therefore, according to the forming system
1, since it is not necessary to increase the size of the cylinder
unit 42 which is the moving mechanism for moving the gas supply

mechanisms 40 and 40 or the like and 1t 1s not necessary to largely
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move the cylinder rods 43 of the gas supply mechanisms 40 and
40 or the like, the gas supply mechanisms 40 and 40 of the forming
apparatus 10 do not obstruct the metal pipe material 14A which
is transported from the preliminary forming apparatus 2 to the
forming apparatus 10 and the metal pipe 80 which is transported
from the forming apparatus 10 to the cutting device 3.

[0060]

In addition, the preliminary forming apparatus 2 and the
cutting device 3 are disposed on the one side in the direction
X from the forming apparatus 10, the preliminary forming
apparatus 2 is disposed on the one side in the direction Y from
the forming apparatus 10, and the cutting device 3 1s disposed
on the other side in the direction Y from the forming apparatus
10. In this case, the preliminary forming apparatus 2, the
forming apparatus 10, and the cutting device 3 are not disposed
in a row in the horizontal direction, and is disposed in a Vv
shape, a U shape, or the like in a plan view. As a specific
example, in a case where the preliminary forming apparatus 2,
the forming apparatus 10, and the cutting device 3 are simply
disposed in a row, the mazimum length in the longltudinal
direction (direction Y) of the region occupied by the forming
system in a plan view is approximately 21 m, the maximum length

in a transverse direction {direction X) ¢f the region 1is

approximately 13 m, and an area which is obtalined by multiplying

the lengths is apprecximately 273 m°. Meanwhile, the maximum
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length in the longitudinal direction of the region occupied by
the forming system 1 according to the present invention in a
plan view is approximately 17.5 m, the maximum length 1n the
transverse direction of the region is approximately 14 m, and
the area is approximately 245 m*. That is, compared to the case
where the preliminary forming apparatus 2, the forming apparatus
10, and the cutting device 3 are simply disposed in a row, 1t
is possible to decrease the site area of the forming system 1
in the present embodiment.

[0061]

In addition, the pair of gas supply mechanisms 40 and 40
are provided in the direction Y in a state where the center of
the forming apparatus 10 is interposed therebetween.,
Accordingly, when the metal pipe material 14A 1s transported
fromthe preliminary forming apparatus 2 to the forming apparatus
10, it is possible to dispose the preliminary forming apparatus
2 with respect to the forming apparatus 10 such that the pair
of gas supply mechanisms 40 and 40 do not interfere with the
metal pipe material 14A.

[0062]

Moreover, the forming system 1 includes the first handling
device 6 which transports the metal pipe material 14A from the
preliminary forming apparatus 2 to the forming apparatus 10,
the first handling device 6 is disposed on the one side in the

direction X from the forming apparatus 10 and 1s disposed between
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the preliminary forming apparatus 2 and the cutting device 3.
Accordingly, 1t is possible to dispose the first handling device
6 transporting the metal pipe material 14A such that the
transported metal pipe material 14A does not interfere with one
gas supply mechanism 40 of the forming apparatus 10. Similarly,
the forming system 1 includes the second handling device 7 which
transports the metal pipe 80 from the forming apparatus 10 to
the cutting device 3, the second handling device 7 1is disposed
on the one side in the direction X from the forming apparatus
10 and is disposed between the first handling device 6 and the
cutting device 3. Accordingly, 1t 1s possible to dispose the
second handling device 7 such that the second handling device
7 does not obstruct the metal pipe 80 transported by the other
gas supply mechanism 40 of the forming apparatus 10.

[0063]

Moreover, the forming system 1 includes the wall 5 which
is provided on the other side in the direction X from the forming

apparatus 10, and the gas supply source 4 which is disposed on

the other side in the direction X from the wall 5 and supplies
gas to the gas supply mechanism 40. Accordingly, the wall 5 can

be disposed on the sides opposite to the preliminary forming
apparatus 2 and the cutting device 3 1n the state where the
forming apparatus 10 1is interposed therebetween, and it is

possible to decrease the distance between the wall 5 and the

forming apparatus 10 in the direction X. Acccrdingly, it 1is
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possible to further decrease the site area of the forming system

1.

(0064]

Configuration of Forming system according to Another
Embodiment

Fig. 9 is a schematic plan view of the forming system
according to another embodiment of the present invention. As
shown in Fig. 9, compared to the forming system 1 shown in Fig.
1 and a forming system 1A according to another embodiment, the

positional relationships among the preliminary forming

apparatus 2, the forming apparatus 10, the cutting device 3,
the first handling device 6, the second handling device 7, and
the path 8 are different from ea_ch other.

(00651

The preliminary forming apparatus 2, the forming apparatus
10, and the cutting device 3 are disposed in this order in the
direction Y. That is, the forming apparatus 10 is interposed

between the preliminary forming apparatus 2 and the cutting
device 3 in the direction Y. More specifically, the preliminary

forming apparatus 2 is disposed on one side in the direction

Y from the forming apparatus 10, and the cutting device 3 1is
disposed on the other side in the direction Y from the forming
apparatus 10. Accordingly, the region between the preliminary
forming apparatus 2 and the forming apparatus 10 becomes a linear

transport path of the metal pipe material 14A which extends 1in
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the direction ¥, and the region between the forming apparatus

10 and the cutting device 3 becomes a linear transport path of
the metal pipe 80 which extends in the direction Y. Here, the
first straight line L1 which connects the preliminary forming

apparatus 2 and the forming apparatus 10 to each other and the

second straight line L2 which connects the forming apparatus
10 and the cutting device 3 to each other are the same as each
other in the direction Y. That is, the first straight line L1
becomes the transport path of the metal pipe material 14A and
the second straight line LZ becomes the transport path of the
metal pipe 80.

[0066]

The first handling device 6 1s disposed on the one side
in the directiocon X from the forming apparatus 10 and is disposed
between the preliminary forming apparatus 2 and the forming
apparatus 10. More specifically, the first handling device 6
1s disposed on the one side in the direction X from the forming
apparatus 10 and'is disposed on the one side in the direction
Y from the forming apparatus 10. The second handling device 7
is disposed on the cne side in the direction X from the forming

apparatus 10 and 1s disposed between the forming apparatus 10
and the cutting device 3. More specifically, the second

handling device 7 1s dispcsed on the one side in the direction
X from the forming apparatus 10 and 1s disposed on the other

side in the direction Y from the forming apparatus 10.
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[0067]

The pair of gas supply mechanisms 40 and 40 including the
forming apparatus 10 are disposed in the direction X 1n the state
where the center of the forming apparatus 10 is interposed

therebetween. The palir of gas supply mechanisms 40 and 40 are

not disposed in the region between the preliminary forming
apparatus 2 and the forming apparatus 10 which is the transport
path of the metal pipe material 14A, and in the region between
the forming apparatus 10 and the cutting device 3 which is the
transport path of the metal pipe BO. That 1s, each of the pair
of gas supply mechanisms 40 and 40 1s not disposed on the first
straight line L1 and the second straight line LZ2.

[C068]

According to the forming system 1A of another embodiment,
the preliminary forming apparatus 2, the forming apparatus 10,
and the cutting device 3 are disposed in this order in the

direction Y, and the pair of gas supply mechanisms 40 and 40

including the forming apparatus 10 are disposed in the direction
X orthogonal to the direction Y in the state where the center
of the forming apparatus 10 1s interposed therebetween.

Accordingly, since the pair of gas supply mechanisms 40 and 40

are not disposed con the transpert path of the metal pipe material
14A and the pair of gas supply mechanisms 40 and 40 are not
disposed on the transport path of the metal pipe 80, the pair

of gas supply mechanisms 40 and 40 do not obstruct the metal
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pipe 80 which is transported from the forming apparatus 10 to

the cutting device 3. In addition, the pair of gas supply

mechanisms 40 and 40 can be arranged n the direction X, the

preliminary forming apparatus 2, the forming apparatus 10, and
the cutting device 3 can be arranged in the direction Y, and
it is possible to decrease the site area of the forming system
1A.

[0069]

Moreover, since the preliminary forming apparatus 2, the

forming apparatus 10, and the cutting device 3 are disposed in
this order in the direction Y, a series of preliminary forming
processing, forming processing, and cutting process can be
sequentially and continuously performed on the metal pilpe
material 14A (metal pipe 80).

[0070]

Hereinbefore, preferred embodiments of the present
invention are described. However, the present invention is not
limited to the above-described embodiments. For example, in the
embodiments, the forming apparatus 10 may not necessarily have
the heating mechanism 50. The metal pipe material 14A may be
heated before it is installed in the forming apparatus 10. In
this case, the pipe holding mechanism 30 may not be configured
cf the first electrode 17 and the second electrode 18.

[0071]

In addition, in the above-described embodiments, both of



13

20

25

CA 029b2543 2016-12-15

44 FP15-0311-00CA-SHI

the pair of gas supply mechanisms 40 and 40 may not be connected

to the gas supply source 4, and one cf the pair of gas supply
mechanisms 40 and 40 may be connected to the gas supply source
4., In this case, any one of the pair of ga‘s supply mechanilisms
40 and 40 may be configured so as to discharge high-pressure
gas.

[0072]

In addition, in the embodiment, the pair of gas supply
mechanisms 40 and 40 are provided in the direction Y in the state

where the center of the forming apparatus 10 is interposed

therebetween. In another embodiment, the pair of gas supply

mechanisms 40 and 40 are provided in the direction X in the state

where the center of the forming apparatus 10 is 1interposed
therebetween. However, the pair of the gas supply mechanisms
40 and 40 can be one gas supplymechanism. That 1s, the gas supply
mechanism 40 is separated from the center of the forming
apparatus 10 and is provided in the direction X or the direction

Y.

[(C073]
In addition, in the embodiments, the flange sections are
provided on the metal pipes 80 and 90. However, the forming

systems 1 and 1A can be applied to the case where a metal pipe

in which the flange secticns are not provided is formed.

Reference Signs List
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[0074]
1, 1A: forming system, 2: preliminary forming apparatus,
3: cutting device, 4: gas suppiy source, 5: wall, 6: first
handling device (handling device), 7: second handling device,
5 10: forming apparatus, 11: lower die, 12: upper die, 13: blow
forming die (die), 14,14A, 14B: metal pipe material, 30: pipe
holding mechanism, 40: gas supply mechanism (gas supply unit),
50: heating mechanism, 60: blow mechanism, 70: control unit,
80, 90: metal pipe, 80a: pipe unit, 80b: flange section, 80c,
10 80d: end portiocn, 100: main body portion, Ll: first straight
line, LZ2: second straight line, MC: main cavity portion, SC1,
SC2: sub cavity portion, X: direction (first direction), Y:

direction (second direction)
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CLAIMS

1. A forming system which expands and forms a metal pipe
in a die, comprising:

5 a preliminary forming apparatus which preliminarily forms
a metal pipe material;

a forming apparatus which includes a gas supply unit which
supplies gas into the preliminary-formed and heated metal pipe
material to expand themetal pipematerial and a main body portion

10  to which the die is attached; and

a cutting device which cuts at least a portion of the formed
metal pirpe,

wherein the gas supply unit is provided so as not to be
disposed on a first straight line which connects the preliminary

15 forming apparatus and the main body portion in a plan view and
a second stralght line which connects the cutting device and
the main body portion in a plan view.

2. The forming system according to claim 1,

wherein in a case where horizontal directions orthogonal

20 to each other with respect to a center of the forming apparatus
are the first direction and the second direction, the preliminary

forming apparatus and the cutting device are disposed on one

side in the first direction from the forming apparatus,
whereln the preliminary forming apparatus is disposed on

2> one side in the second direction from the forming apparatus,
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and

wherein the cutting device is disposed on the other side
in the second direction from the forming apparatus.

3. The forming system according to claim 2,

wherein a pair of the gas supply units are provided in the
second direction in a state where the center of the forming
apparatus 1s interposed between the gas supply units.

4. The forming system according to claim 3, further
comprising:

a handling device which transports the metal pipe material
from the preliminary forming apparatus to the forming apparatus,

wherein the handling device is disposed on the one side
in the first direction from the forming apparatus, and is
disposed between the preliminary forming apparatus and the
cutting device.

5. The forming system according to claim 1,

wherein in a case where horizontal directions orthogonal

to each other with respect to a center of the forming apparatus

are the first direction and the second direction, the gas supply
unit is separated from the center of the forming apparatus and
1s provided in the first direction, and

wherein the preliminary forming apparatus, the forming
apparatus, and the cutting device are dispcsed in the second

direction.

6. The forming system according to claim 5,
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wherein a pair of the gas supply units are provided in the

first direction in a state where the center of the forming

apparatus 1s 1lnterposed between the gas supply units.

7. The forming system according to claim 5 or 6,

wherein the preliminary forming apparatus, the forming
apparatus, and the cutting device are disposed in this order
1n the second direction.

3. The forming system according to any one of claims 2
to 7, further comprising:

a wall which is provided on the other side in the first

direction from the forming apparatus; and

a gas supply source which is provided on the other side
in the first direction from the wall and supplies the gas to

the gas supply unit.
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