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cooling unit suppresses deterioration in hardenability to
the metal material resulting from accumulation of heat to
the die caused by repeated forming.
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Description

Technical Field

[0001] One aspect of the present invention relates to
a forming device and a forming method.

Background Art

[0002] In the related art, forming devices that form a
heated metal material have been known. For example,
the following Patent Document 1 discloses a forming de-
vice including a die having a lower die and an upper die
paired with each other, a gas supply portion that supplies
gas into a metal pipe material held between the dies, and
a heating unit that heats the metal pipe material by en-
ergization and heating. Such a forming device includes
a cooling unit that causes water to flow through a flow
path formed in the die in order to cool the heated metal
pipe during forming. Accordingly, the forming device can
perform quench forming by bringing the cooled die into
contact with the metal pipe material.

Citation List

Patent Literature

[0003] [PTL 1] Japanese Unexamined Patent Publica-
tion No. 2009-220141

Summary of Invention

Technical Problem

[0004] The forming device as in the above related art
performs quench forming of a new heated metal material
when the quench forming of the heated metal material is
completed. In this way, the forming device repeatedly
performs the quench forming of the heated metal mate-
rial. That is, the die repeatedly comes into contact with
the metal material in a high-temperature state. In con-
trast, in the related art, it has not been considered that
the repeated forming is performed in a case where the
cooling unit cools the die. In this case, there is a possibility
that heat is gradually accumulated in the die and hard-
enability to the metal material deteriorates. Accordingly,
in a case where the repeated forming is performed, a
problem occurs in that the stability of the quality of the
formed product such as hardenability and formability de-
teriorate.
[0005] One aspect of the present invention has been
made to solve such a problem, and an object of the
present invention is to provide a forming device and a
forming method capable of improving the stability of the
quality of a formed product in a case where repeated
forming is performed.

Solution to Problem

[0006] A forming device according to one aspect of the
present invention is a forming device that forms a heated
metal material. The forming device includes a die that
performs quench forming by coming into contact with the
metal material, and a cooling unit that cools the die. The
cooling unit suppresses deterioration in hardenability to
the metal material resulting from accumulation of heat to
the die caused by repeated forming.
[0007] Such a forming device has the die that performs
the quench forming by coming into contact with the metal
material. The temperature of the die rises as the die and
the heated metal material come into contact with each
other. In contrast, as the cooling unit cools the die, the
die can be brought into a state in which the quench form-
ing is possible. Moreover, the cooling unit suppresses
the deterioration of the hardenability to the metal material
resulting from the accumulation of heat to the die caused
by the repeated forming. Therefore, even though the die
repeatedly receives the heat input from the metal material
as the forming is repeated, the die can perform the re-
peated quench forming without deteriorating the harden-
ability. From the above, the forming device can improve
the stability of the quality of the formed product in a case
where the repeated forming is performed.
[0008] The cooling unit may make the temperatures of
the die fall within a predetermined range. In this case,
the cooling unit can make the pattern of temperature
change of the die during forming close to constant. There-
fore, the forming device can improve the stability of the
quality of the formed product.
[0009] The cooling unit may increase a cooling capac-
ity as the number of times of forming of the die increases.
As the number of times of forming of the die increases,
heat is more likely to be accumulated in the die. There-
fore, the cooling unit can suppress the accumulation of
heat in the die by increasing the cooling capacity as the
number of times of forming of the die increases.
[0010] The cooling unit may increase a cooling capac-
ity as a forming time of the die becomes longer. The long-
er the forming time of the die, the more easily heat is
accumulated in the die. Therefore, the cooling unit can
suppress the accumulation of heat to the die by increas-
ing the cooling capacity as the forming time of the die
becomes longer.
[0011] The forming device may include a temperature
sensor that detects the temperatures of the die, and the
cooling unit may adjust a cooling capacity on the basis
of a detection result of the temperature sensor. In this
case, the cooling unit can make the die have an appro-
priate temperature depending on the temperature of the
die.
[0012] A forming device according to one aspect of the
present invention is a forming device that forms a heated
metal material. The forming device includes a die that
performs quench forming by coming into contact with the
metal material, and a cooling unit that cools the die. The
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cooling unit makes an amount of heat removed from the
die larger than an amount of input heat from the metal
material to the die.
[0013] Such a forming device has the die that performs
the quench forming by coming into contact with the metal
material. The temperature of the die rises as the die and
the heated metal material come into contact with each
other. In contrast, as the cooling unit cools the die, the
die can be brought into a state in which the quench form-
ing is possible. Moreover, the cooling unit makes the
amount of heat removed from the die larger than the
amount of heat input to the die from the metal material.
In this case, the cooling unit can suppress the tempera-
ture rise of the die or lower the temperature of the die
that have risen. Accordingly, in a case where the repeat-
ed forming is performed, a change in hardenability re-
sulting from the temperature of the die becoming exces-
sively high can be suppressed. From the above, the form-
ing device performs the repeated forming.
[0014] In this case, the stability of the quality of the
formed product can be improved.
[0015] A forming method according to one aspect of
the present invention may be a forming method of forming
a heated metal material. The forming method may in-
clude a forming process of performing quench forming
by bringing the metal material into contact with a die and
a cooling process of cooling the die. In the cooling proc-
ess, deterioration of hardenability to the metal material
resulting from accumulation of heat to the die caused by
repeated forming may be suppressed.
[0016] According to this forming method, it is possible
to obtain the operation and effects having the same
meaning as that of the above-described forming device.
[0017] A forming method according to one aspect of
the present invention is a forming method of forming a
heated metal material. The forming method includes a
forming process of performing quench forming by bring-
ing the metal material into contact with a die, and a cooling
process of cooling the die. In the cooling process, an
amount of heat removed from the die is made larger than
an amount of input heat from the metal material to the die.
[0018] According to this forming method, it is possible
to obtain the operation and effects having the same
meaning as that of the above-described forming device.

Advantageous Effects of Invention

[0019] According to one aspect of the present inven-
tion, it is possible to provide the forming device capable
of improving the stability of the quality of the formed prod-
uct in a case where the repeated forming is performed.

Brief Description of Drawings

[0020]

Fig. 1 is a schematic diagram of a forming device
according to an embodiment of the present inven-

tion.
Figs. 2A and 2B are enlarged cross-sectional views
showing a state of a metal pipe material and a die
during blow forming.
Fig. 3 is a plan view of a die.
Fig. 4 is a plan view of the die showing a state in
which a first member is removed.
Fig. 5 is a cross-sectional view taken along line V-V
shown in Fig. 3.
Fig. 6 is a cross-sectional view taken along line VI-
VI shown in Fig. 5.
Figs. 7A and 7B are enlarged views of a flow path.
Figs. 8A and 8B are graphs showing a relationship
between time and the temperature change of the die.
Figs. 9A and 9B are graphs showing a relationship
between time and the temperature change of the die.
Figs. 10A and 10B are cross-sectional views show-
ing a die of a forming device according to a modifi-
cation example.

Description of Embodiments

[0021] Hereinafter, preferred embodiments of the
present invention will be described with reference to the
drawings. In addition, in the respective drawings, the
same portions or corresponding portions are designated
by the same reference numerals, and duplicated descrip-
tions will be omitted.
[0022] Fig. 1 is a schematic diagram of a forming de-
vice 1 according to the present embodiment. As shown
in Fig. 1, the forming device 1 is a device that forms a
metal pipe having a hollow shape by blow forming. In the
present embodiment, the forming device 1 is installed on
a horizontal plane. The forming device 1 includes a form-
ing die 2, a drive mechanism 3, a holding unit 4, a heating
unit 5, a fluid supply unit 6, a cooling unit 7, and a control
unit 8. In addition, in the present specification, the metal
pipe refers to a hollow article after the forming in the form-
ing device 1 is completed, and a metal pipe material 40
(metal material) refers to a hollow article before the form-
ing in the forming device 1 is completed. The metal pipe
material 40 is a steel type pipe material that can be hard-
ened. Additionally, in the horizontal direction, a direction
in which the metal pipe material 40 extends during form-
ing may be referred to as a "longitudinal direction", and
a direction perpendicular to the longitudinal direction may
be referred to as a "width direction".
[0023] The forming die 2 is a die that forms the metal
pipe material 40 into a metal pipe, and includes a lower
die 11 and an upper die 12 that face each other in the
vertical direction. The lower die 11 and the upper die 12
are made of steel blocks. Each of the lower die 11 and
the upper die 12 is provided with a recessed portion in
which the metal pipe material 40 is accommodated. With
the lower die 11 and the upper die 12 in close contact
with each other (die closed state), respective recessed
portions thereof form a space having a target shape in
which the metal pipe material is to be formed. Therefore,
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the surfaces of the respective recessed portions become
the forming surfaces of the forming die 2. The lower die
11 is fixed to a base stage 13 via a die holder or the like.
The upper die 12 is fixed to a slide of the drive mechanism
3 via a die holder or the like.
[0024] The drive mechanism 3 is a mechanism that
moves at least one of the lower die 11 and the upper die
12. In Fig. 1, the drive mechanism 3 has a configuration
in which only the upper die 12 is moved. The drive mech-
anism 3 includes a slide 21 that moves the upper die 12
such that the lower die 11 and the upper die 12 are joined
together, and a pull-back cylinder 22 serving as an actu-
ator that generates a force for pulling the slide 21 upward,
a main cylinder 23 serving as a drive source that down-
ward-pressurizes the slide 21, and a drive source 24 that
applies a driving force to the main cylinder 23.
[0025] The holding unit 4 is a mechanism that holds
the metal pipe material 40 disposed between the lower
die 11 and the upper die 12. The holding unit 4 includes
a lower electrode 26 and an upper electrode 27 that hold
the metal pipe material 40 on one end side in the longi-
tudinal direction of the forming die 2, and a lower elec-
trode 26 and an upper electrode 27 that holds the metal
pipe material 40 on the other end side in the longitudinal
direction of the forming die 2. The lower electrodes 26
and the upper electrodes 27 on both sides in the longi-
tudinal direction hold the metal pipe material 40 by sand-
wiching the vicinity of an end portion of the metal pipe
material 40 from the vertical direction. In addition, groove
portions having a shape corresponding to an outer pe-
ripheral surface of the metal pipe material 40 are formed
on an upper surface of the lower electrode 26 and a lower
surface of the upper electrode 27. The lower electrode
26 and the upper electrode 27 are provided with drive
mechanisms (not shown) and are movable independent-
ly in the vertical direction.
[0026] The heating unit 5 heats the metal pipe material
40. The heating unit 5 is a mechanism that heats the
metal pipe material 40 by energizing the metal pipe ma-
terial 40. The heating unit 5 heats the metal pipe material
40 in a state in which the metal pipe material 40 is spaced
apart from the lower die 11 and the upper die 12 between
the lower die 11 and the upper die 12. The heating unit
5 includes the lower electrodes 26 and the upper elec-
trodes 27 on both sides in the longitudinal direction de-
scribed above, and a power supply 28 that allows an
electric current to flow to the metal pipe material through
the electrodes 26 and 27. In addition, the heating unit
may be disposed in the previous process of the forming
device 1 and performs heating externally.
[0027] The fluid supply unit 6 is a mechanism that sup-
plies a high-pressure fluid into the metal pipe material 40
held between the lower die 11 and the upper die 12. The
fluid supply unit 6 supplies the high-pressure fluid to the
metal pipe material 40 that has been brought into a high-
temperature state by being heated by the heating unit 5,
and expands the metal pipe material 40. The fluid supply
unit 6 is provided on both end sides of the forming die 2

in the longitudinal direction. The fluid supply unit 6 in-
cludes a nozzle 31 that supplies fluid from an opening of
an end portion of the metal pipe material 40 to the inside
of the metal pipe material 40, a drive mechanism 32 that
moves the nozzle 31 forward and backward with respect
to the opening of the metal pipe material 40, and a supply
source 33 that supplies the high-pressure fluid into the
metal pipe material 40 via the nozzle 31. In the drive
mechanism 32, the nozzle 31 is brought into close contact
with the end portion of the metal pipe material 40 in a
state in which the sealing performance is secured during
fluid supply and exhaust, and at other times, the nozzle
31 is spaced apart from the end portion of the metal pipe
material 40. In addition, the fluid supply unit 6 may supply
a gas such as high-pressure air or an inert gas as the
fluid. Additionally, the fluid supply unit 6 may be the same
device including the heating unit 5 together with the hold-
ing unit 4 having a mechanism that moves the metal pipe
material 40 in the vertical direction.
[0028] The cooling unit 7 is a mechanism that cools
the forming die 2. By cooling the forming die 2, the cooling
unit 7 can rapidly cool the metal pipe material 40 when
the expanded metal pipe material 40 has come into con-
tact with a forming surface of the forming die 2. The cool-
ing unit 7 includes a flow path 36 formed inside the lower
die 11 and the upper die 12, and a circulation mechanism
37 that supplies and circulates a cooling medium to the
flow path 36.
[0029] The control unit 8 is a device that controls the
entire forming device 1. The control unit 8 controls the
drive mechanism 3, the holding unit 4, the heating unit
5, the fluid supply unit 6, and the cooling unit 7. The con-
trol unit 8 repeatedly performs an operation of forming
the metal pipe material 40 with the forming die 2.
[0030] Specifically, the control unit 8 controls, for ex-
ample, the transport timing from a transport device such
as a robot arm to dispose the metal pipe material 40
between the lower die 11 and the upper die 12 in an open
state. Alternatively, the control unit 8 may wait for a work-
er to manually dispose the metal pipe material 40 be-
tween the lower die 11 and the upper die 12. Additionally,
the control unit 8 supports the metal pipe material 40 with
the lower electrodes 26 on both sides in the longitudinal
direction and then controls the actuator of the holding
unit 4 so as to lower the upper electrode 27 to sandwich
the metal pipe material 40. Additionally, the control unit
8 controls the heating unit 5 to energize and heat the
metal pipe material 40. Accordingly, an axial electric cur-
rent flows through the metal pipe material 40, and the
electric resistance of the metal pipe material 40 itself
causes the metal pipe material 40 itself to generate heat
due to Joule heat.
[0031] The control unit 8 controls the drive mechanism
3 to lower the upper die 12 and bring the upper die 12
closer to the lower die 11 to close the forming die 2. On
the other hand, the control unit 8 controls the fluid supply
unit 6 to seal the openings of both ends of the metal pipe
material 40 with the nozzle 31 and supply the fluid. Ac-
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cordingly, the metal pipe material 40 softened by heating
expands and comes into contact with the forming surface
of the forming die 2. Then, the metal pipe material 40 is
formed so as to follow the shape of the forming surface
of the forming die 2. In addition, in a case where a metal
pipe with a flange is formed, a part of the metal pipe
material 40 is made to enter a gap between the lower die
11 and the upper die 12, and then the die is further closed
to crush the entering portion to form a flange portion.
When the metal pipe material 40 comes into contact with
the forming surface, hardening of the metal pipe material
40 is performed by being quenched with the forming die
2 cooled by the cooling unit 7. Such a cooling method is
referred to as die contact cooling or die cooling. Imme-
diately after being quenched, austenite is transformed
into martensite (hereinafter, the transformation of
austenite into martensite is referred to as martensitic
transformation). Since the cooling rate decreased in the
latter half of the cooling, martensite is transformed into
another tissue (troostite, sorbite, or the like) by recuper-
ation. Therefore, it is not necessary to perform a separate
tempering treatment. In addition, the content of control
of the cooling unit 7 by the control unit 8 will be described
below.
[0032] A forming procedure of the forming device 1 will
be described with reference to Figs. 2A and 2B. As shown
in Fig. 2A, the control unit 8 performs blow forming (pri-
mary blowing) by closing the forming die 2 and supplying
the fluid to the metal pipe material 40 by the fluid supply
unit 6. In the primary blowing, the control unit 8 forms a
pipe portion 43 at a main cavity portion MC and causes
a portion corresponding to a flange portion 44 to enter a
sub-cavity portion SC. Then, as shown in Fig. 2B, the
control unit 8 forms the flange portion 44 by further closing
the forming die 2 and further crushing the portion that
has entered the sub-cavity portion SC. Next, the control
unit 8 performs die opening by raising the upper die 12
to space the upper die 12 apart from the metal pipe ma-
terial 40. Accordingly, the metal pipe 41 is formed.
[0033] Next, the detailed configuration of the die 11 will
be described with reference to Figs. 3 to 6. In addition,
in the following description, the lower die 11 will be de-
scribed. However, since the explanation having the same
meaning is also valid for the upper die 12, the description
will be omitted. Fig. 3 is a plan view of the die 11. Fig. 4
is a plan view of the die 11 showing a state in which the
first member 50 is removed. Fig. 5 is a cross-sectional
view taken along line V-V shown in Fig. 3. Fig. 6 is a
cross-sectional view taken along line VI-VI shown in Fig.
5.
[0034] In addition, in the present embodiment, the
forming device 1 can simultaneously form two metal pipe
materials 40. Therefore, as shown in Fig. 3, the die 11
has a forming surface 47 that forms the two metal pipe
materials 40 arranged in parallel with each other (see
also Figs. 2A and 2B). In addition, the number of metal
pipe materials 40 to be arranged is not limited, and may
be one or three or more. The forming surface 47 has a

shape extending in the longitudinal direction so as to cor-
respond to the longitudinal direction of the metal pipe
material 40. In the following description, the longitudinal
direction of the forming surface 47 may be referred to as
an X-axis direction, the horizontal direction perpendicular
to the longitudinal direction may be referred to as a Y-
axis direction, and the vertical direction may be referred
to as a Z-axis direction. Additionally, one side in the lon-
gitudinal direction is referred to as a positive side in the
X-axis direction, one side in the direction perpendicular
to the longitudinal direction is referred to as a positive
side in the Y-axis direction, and the upper side is referred
to as a positive side in the Z-axis direction.
[0035] As shown in Figs. 4 and 5, the die 11 is divided
into three units U1, U2, and U3 in order from the positive
side in the X-axis direction. The unit U2 is a unit corre-
sponding to the central position of the die 11 in the X-
axis direction. The units U1 and U3 are units on both end
sides in the X-axis direction. The respective units U1, U2,
and U3 have a cooling region E1 (first region), a cooling
region E2 (second region), and a cooling region E3 (third
region), respectively. The entire circumference of each
of the cooling regions E1, E2, and E3 is surrounded in a
plan view by a seal groove portion 90 in which an O-ring
is disposed. In addition, in the units U1, U2, and U3 and
the cooling regions E1, E2, and E3, the explanation hav-
ing the same meaning shall be valid unless otherwise
specified. In addition, in the embodiment, the die 11 has
a structure divided into three parts by the units U1, U2,
and U3, but the die 11 may be used as one unit in order
to aim for uniform cooling including the cooling regions.
[0036] As shown in Figs. 4 to 6, a flow path 60 that
allows the cooling medium (water) to flow therethrough
is formed inside the die 11. The flow path 60 includes a
plurality of cooling portions 61 (flow paths formed by slits),
a supply jacket portion 62, a recovery jacket portion 63,
a supply communication portion 64 (see Figs. 5 and 6),
and a discharge communication portion 66 (Fig. 6). Ad-
ditionally, a die holder 91 that supports the die 11 is
formed with a supply portion 67 (see Figs. 5 and 6) and
discharge portions 68 and 69 (see Fig. 6). In addition,
the plurality of cooling portions 61, the supply jacket por-
tion 62, the recovery jacket portion 63, the supply com-
munication portion 64, and the discharge communication
portion 66 are provided as individual flow paths for the
units U1, U2, and U3 and the cooling regions E1, E2, and
E3. On the other hand, the supply portion 67 and the
discharge portions 68 and 69 are provided as a common
flow path for the units U1, U2, and U3 and the cooling
regions E1, E2, and E3.
[0037] The cooling portions 61 are portions that mainly
function as portions for cooling the die 11. The cooling
portions 61 are formed so as to extend in the Y-axis di-
rection. The plurality of cooling portions 61 are disposed
so as to be aligned in the X-axis direction. The supply
jacket portion 62 is a portion that supplies the cooling
medium to each cooling portion 61. The supply jacket
portion 62 extends in the X-axis direction so as to be
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connected to an end portion of each cooling portion 61
on the negative side in the Y-axis direction. The recovery
jacket portion 63 is a portion that recovers the cooling
medium from each cooling portion 61 (see Figs. 4 and
6). The recovery jacket portion 63 extends in the X-axis
direction so as to be connected to an end portion of each
cooling portion 61 on the positive side in the Y-axis di-
rection.
[0038] The supply communication portion 64 is a por-
tion that supplies the cooling medium from the supply
portion 67 to the supply jacket portion 62 by connecting
the supply jacket portion 62 and the supply portion 67.
One or more supply communication portions 64 are pro-
vided for the supply jacket portion 62 and extend to the
negative side in the Z-axis direction. The discharge com-
munication portion 66 is a portion that discharges the
cooling medium from the recovery jacket portion 63 to
the discharge portion 68 by connecting the recovery jack-
et portion 63 and the discharge portion 68 (see Figs. 4
and 6) to each other. One or more discharge communi-
cation portions 66 are provided for the recovery jacket
portion 63 and extend to the negative side in the Z-axis
direction.
[0039] The supply portion 67 extends in the X-axis di-
rection at the die holder 91 (see Figs. 5 and 6). An end
portion of the supply portion 67 on the positive side in
the X-axis direction opens from the die holder 91. A noz-
zle(not shown) that supplies the cooling medium is in-
serted into the opening. The supply portion 67 distributes
the cooling medium to the supply communication portion
64 of each of the units U1, U2, and U3. The discharge
portion 68 extends in the X-axis direction at the die holder
91 (see Fig. 6). The discharge portion 69 extends from
the end portion of the discharge portion 68 on the positive
side in the X-axis direction to the positive side in the Y-
axis direction and opens from the die holder 91. A nozzle
(not shown) that discharges the cooling medium is in-
serted into the opening. The discharge portions 68 and
69 commonly discharge the cooling medium from the dis-
charge communication portion 66 of each of the units U1,
U2, and U3.
[0040] The die 11 is divided into the first member 50
having the forming surface 47 for forming the metal pipe
material 40, and a second member 51 that supports the
first member 50 on a side opposite to the forming surface
47. The first member 50 has a dividing surface 50a on
the negative side in the Z-axis direction. The second
member 51 has a dividing surface 51a on the positive
side in the Z-axis direction. The first member 50 and the
second member 51 are joined to each other by bolts (or
screws) in a state in which the dividing surfaces 50a and
51a overlap each other so as to come into contact with
each other. By removing the bolts (or screws), the first
member 50 can be removed from the second member
51 (see Figs. 7A and 7B). In addition, in the present em-
bodiment, the dividing surfaces 50a and 51a are config-
ured by a plane spreading in parallel with the XY plane.
[0041] The thickness of the first member 50 is smaller

than the thickness of the second member 51. The thick-
ness herein is a dimension on the negative side in the Z-
axis direction. In addition, the surface of the first member
50 on the positive side in the Z-axis direction is formed
so as to be curved according to the shape of the forming
surface 47. Thus, the thickness of the first member 50
varies depending on the location. The forming surface
47 is recessed to the most negative side in the Z-axis
direction at the position of the unit U2. Therefore, the
dividing surface 50a in the unit U2 is disposed on the
negative side in the Z-axis direction with respect to the
dividing surface 50a of the other units U1 and U3.
[0042] The material of the first member 50 has higher
durability against forming than the material of the second
member 51. As the material of the first member 50, a
harder material and a higher-grade material having high
wear resistance than the material of the second member
51 are used.
[0043] The second member 51 is formed with a slit 53
that extends along the dividing surface 51a and is open
on the dividing surface 51a. The slit 53 constitutes the
cooling portion 61 which is a part of the flow path 60 by
joining the first member 50 and the second member 51
to each other. The dividing surface 50a of the first mem-
ber 50 is formed as a smooth surface without forming a
slit. Accordingly, the slit 53 defines a bottom surface 61a
and a side surface 61b of the cooling portion 61, and the
dividing surface 50a of the first member 50 defines an
upper surface 61c of the cooling portion 61 (see Fig. 7B).
That is, the cooling portion 61, which is a flow path having
a rectangular cross-sectional shape, is formed by block-
ing the opening of the slit 53 with the first member 50.
[0044] The second member 51 is formed with a jacket
groove 54 that extends along the dividing surface 51a
and is open on the dividing surface 51a. The jacket
groove 54 constitutes the supply jacket portion 62 and
the recovery jacket portion 63, which are a part of the
flow path 60, by joining the first member 50 and the sec-
ond member 51 to each other. The dividing surface 50a
of the first member 50 is formed as a smooth surface
without forming a slit. Accordingly, the jacket groove 54
defines a bottom surface 62a and a side surface 62b of
the supply jacket portion 62, and the dividing surface 50a
of the first member 50 defines an upper surface 62c of
the supply jacket portion 62 (see Fig. 7A). That is, the
supply jacket portion 62, which is a flow path having a
rectangular cross-sectional shape, is formed by blocking
the opening of the jacket groove 54 with the first member
50. The same applies to the recovery jacket portion 63.
[0045] As shown in Fig. 4, the disposition of the slit 53
and the jacket groove 54 has the same meaning as the
disposition of the cooling portion 61, the supply jacket
portion 62, and the recovery jacket portion 63 described
above. That is, the slit 53 extends in the Y-axis direction,
and a plurality of the slits 53 are arranged in the X-axis
direction. At both ends of the plurality of slits 53 in the Y-
axis direction, a jacket groove 54 of the supply jacket
portion 62 and a jacket groove 54 of the recovery jacket

9 10 



EP 4 122 618 A1

7

5

10

15

20

25

30

35

40

45

50

55

portion 63 are formed for each slit 53. In addition, the slit
53 and the jacket groove 54 formed in each of the units
U1, U2, and U3 are disposed within a range of the seal
groove portion 90 that surrounds each of the cooling re-
gions E1, E2, and E3.
[0046] The die 11 has the cooling regions E1, E2, and
E3 at different positions in the X-axis direction. Then, in
the cooling regions E1 and E3, the plurality of slits 53 are
arranged at a first pitch P1. In the cooling region E2, the
plurality of slits 53 are arranged at a second pitch P2
shorter than the first pitch P1. Accordingly, the slits 53 of
the cooling region E2 are formed more densely than the
slits 53 of the cooling regions E1 and E3.
[0047] The cross-sectional area of the cooling portion
61 as a single path by the slit 53 is smaller than the cross-
sectional area of the supply jacket portion 62 and the
recovery jacket portion 63 by the jacket groove 54. Spe-
cifically, as shown in Figs. 7A and 7B, a width dimension
W1 of the slit 53 is narrower than a width dimension W2
of the jacket groove 54. Additionally, a height dimension
H1 of the slit 53 is lower than a height dimension H2 of
the jacket groove 54.
[0048] Next, the contents of control of the cooling unit
7 by the control unit 8 will be described in detail with
reference to Figs. 5, 8A, and 8B. In addition, in the fol-
lowing description, the cooling for the die 11 is described,
but the explanation having the same meaning will be valid
for the cooling for the die 12. As shown in Fig. 5, the
circulation mechanism 37 of the cooling unit 7 supplies
the cooling medium to the supply portion 67. The circu-
lation mechanism 37 is connected to an inlet portion of
the supply portion 67 via a pipe 101. Additionally, the
circulation mechanism 37 recovers the cooling medium
discharged from the discharge portion 69. The circulation
mechanism 37 cools the recovered cooling medium with
a cooling device and supplies the cooling medium having
a predetermined temperature to the supply portion 67.
[0049] The forming device 1 includes a temperature
sensor 100 that detects the temperature of the die 11.
The temperature sensor 100 transmits the detected tem-
perature to the control unit 8. In Fig. 5, the temperature
sensor 100 is provided at a position close to the forming
surface inside the die 11. However, the temperature sen-
sor 100 may be provided anywhere with respect to the
die 11. For example, the temperature sensor 100 may
be provided at a position different from that in Fig. 5 inside
the die 11 or may be provided on the surface of the die 11.
[0050] The control unit 8 controls the cooling capacity
of the cooling unit 7. Specifically, the control unit 8 con-
trols the cooling capacity by adjusting the flow rate of the
cooling medium supplied by the circulation mechanism
37. That is, the control unit 8 reduces the flow rate of the
cooling medium in a case where the cooling capacity is
lowered and increases the flow rate of the cooling medi-
um in a case where the cooling capacity is increased.
However, the control unit 8 may adjust the cooling ca-
pacity by adjusting not only the amount of water but also
the temperature of the cooling medium. However, the

flow rate is easier to adjust than the temperature.
[0051] Here, how the temperature of the die 11 chang-
es in a case where the forming device 1 repeatedly per-
forms forming in order to manufacture a large number of
metal pipes will be described with reference to Figs. 8A
and 8B. Figs. 8A and 8B are graphs showing a relation-
ship between time and the temperature change of the
die 11. The horizontal axis of the coordinates in Figs. 8A
and 8B indicates the time from the start of forming. Solid
line graphs TG1 and TG2 are graphs showing the tem-
perature change of the die 11. The vertical axis of the
coordinates (vertical axis on the left side of the paper
surface) indicates the temperature of the die 11 with re-
spect to the graphs TG1 and TG2. In addition, the location
where the temperature of the die 11 is measured may be
set to any location, and may be anywhere on the forming
surface or inside the die. Two-dot chain line graphs FG1
and FG2 are graphs showing the flow rate of the cooling
medium. The vertical axis of the coordinates (vertical axis
on the right side of the paper surface) indicates the flow
rate of the cooling medium for the graphs FG1 and FG2.
[0052] As shown in Fig. 8A, when the forming device
1 performs first forming, the heated metal pipe material
40 comes into contact with the die 11. In this case, the
heat possessed by the metal pipe material 40 is input to
the die 11. Therefore, the temperature of the die 11 rises
(see a portion "A" in the figure). In addition, the minimum
point of the temperature at the start of the first forming is
defined as"P1a". When the hardening of the metal pipe
material 40 is completed and a metal pipe is removed
from the die 11, the cooling unit 7 cools the metal pipe
in a state in which there is no heat input to the die 11.
Therefore, the temperature of the die 11 drops (see the
portion "B" in the figure). The maximum point of temper-
ature in the first forming is defined as "P1b". Next, at a
preliminary stage where the temperature of the die 11
returns to the temperature at the start of forming, the
forming device 1 performs second forming. Accordingly,
the temperature of the die 11 rises again (see portion "C"
in the figure). The minimum point of temperature at the
start of the second forming is defined as "P2a". The max-
imum point obtained by the second forming is defined as
"P2b". In this case, the temperature of the minimum point
P2a in the second forming is higher than the temperature
of the minimum point P1a in the first forming. Additionally,
the temperature of the maximum point P2b in the second
forming is higher than the maximum point P1b in the first
forming. In this way, during a predetermined number of
times of forming from the start of forming, the tempera-
tures of the minimum points and the maximum points
gradually increase whenever the forming is repeated.
[0053] When the forming is repeated equal to or more
than a predetermined number of times, the temperature
rise of the die 11 is brought into a saturation state. When
this state is brought about, the temperatures of the min-
imum point Pma and the maximum point Pmb at a certain
number of times of forming do not change from the tem-
peratures of the minimum point Pna and the maximum
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point Pnb in the previous forming. After that, the forming
is repeatedly performed in a state in which the tempera-
ture of the minimum point and the temperature of the
maximum point are constant. Such a state may be re-
ferred to as a "stable state" in the following description.
[0054] A graph La that passes through the minimum
point in each forming and a graph Lb that passes through
the maximum point in each forming are set. Since the
graph FG1 shows the temperature change as described
above, the graphs La and Lb have a shape like an as-
ymptote that is curved upward toward the temperature
in the stable state for a predetermined period after the
start of forming and becomes a straight line that extends
horizontally when the stable state is reached.
[0055] In contrast, the control unit 8 controls the cooling
unit 7 so as to suppress the deterioration of the harden-
ability to the metal pipe material 40 resulting from the
accumulation of heat to the die 11 caused by the repeated
forming. For example, it is preferable that the tempera-
ture of the die 11 is set to a temperature T1 or lower in
order to perform excellent hardening. The control unit 8
controls the cooling unit 7 such that the temperature of
the die 11 in the stable state is the temperature T1 or
lower. That is, the control unit 8 keeps the flow rate of
the cooling medium constant at a high value such that
the temperature of the die 11 in the stable state is not
higher than the temperature T1 because the cooling ca-
pacity is too low (see graph FG1). The control unit 8 per-
forms control such that the temperature of the minimum
point in the saturation state is at least the temperature
T1 or lower. In addition, the temperature T1 is a value
appropriately set depending on the material and size of
the die 11 and the metal pipe material 40. For example,
when the temperature T1 is set, the durability of the die
11 may also be taken into consideration, and in a case
where the durability is low, the temperature T1 may be
kept low. For example, when the temperature of the die
11 becomes too high, there is a risk that the die strength
may decrease due to tempering or the like and the abra-
sion may be promoted. However, such a risk can be re-
duced by setting the temperature T1 in consideration of
the durability of the die 11.
[0056] Additionally, the control unit 8 controls the cool-
ing unit 7 such that the temperature of the die 11 falls
within a predetermined range. As described above, the
graph TG1 shown in Fig. 8A falls within the range of the
graph La composed of constant minimum values and the
graph La composed of constant maximum values, in the
stable state. However, even in the stable state, the max-
imum value and the minimum value in each forming may
fluctuate slightly. In this case, the graphs La and Lb have
a shape disordered from the straight line as shown in Fig.
8A. However, also in this case, it is preferable that the
fluctuations of the maximum value and the minimum val-
ue fall within a predetermined error range as long as the
stability of the hardenability of the metal pipe is not im-
paired.
[0057] The control unit 8 may increase the cooling ca-

pacity of the cooling unit 7 as the number of times of
forming of the die 11 increases. Additionally, the control
unit 8 may increase the cooling capacity of the cooling
unit 7 as the forming time of the die 11 increases. For
example, the control unit 8 may control the flow rate of
the cooling medium so as to draw the graph FG2 shown
in Fig. 8B. In this case, the control unit 8 keeps the flow
rate of the cooling medium low at the start of forming and
gradually increases the flow rate with the elapse of time.
In this case, the control unit 8 increases the flow rate of
the cooling medium as the number of times of forming
increases and the forming time increases. In addition,
the "forming time" herein is not the time required for single
forming (the time for one mountain of graph TG2), but
the total time for each forming in a case where a plurality
of times of forming is performed. Then, the control unit 8
performs control such that the flow rate of the cooling
medium is constant when the stable state is reached.
[0058] In the control method of Fig. 8B, the control unit
8 intentionally suppresses the cooling capacity of the
cooling unit 7 at a forming start stage. Accordingly, the
control unit 8 quickly brings the temperature change of
the die 11 into the stable state. Specifically, at the forming
start stage, the temperature rise of the graph TG2 is larg-
er than the temperature rise of the graph TG1. Then, the
time during which the graph TG2 is brought into the stable
state is "t1", but the graph TG1 still continues the tem-
perature rise at the stage of "t1. Then, the graph TG1 is
brought into the stable state at the timing when a prede-
termined time has elapsed from "t1". That is, in the control
method of Fig. 8B, the die 11 enables the forming in the
stable state at an early stage, and the quality of a formed
product can be stabilized at an early stage.
[0059] The control unit 8 may adjust the cooling capac-
ity of the cooling unit 7 on the basis of the detection result
of the temperature sensor 100. For example, in the con-
trol of Fig. 8B, the control unit 8 may detect that the stable
state has been reached from the detection result of the
temperature sensor 100. Accordingly, the control unit 8
can keep the flow rate of the cooling medium constant
at an appropriate timing. Additionally, in a case where
the temperature of the die 11 drops from the temperature
in the stable state as the repeated forming is temporarily
paused, the control unit 8 may identify the temperature
drop on the basis of the detection result of the tempera-
ture sensor 100. In this case, the control unit 8 may raise
the temperature of the die 11 so as to be brought into the
stable state by reducing the cooling medium.
[0060] Next, the operation and effects of the forming
device 1 according to the present embodiment will be
described.
[0061] The forming device 1 according to the present
embodiment has dies 11 and 12 that perform quench
forming by coming into contact with a metal material. The
temperature of the dies 11 and 12 rises as the dies 11
and 12 and the heated metal material come into contact
with each other. In contrast, as the cooling unit 7 cools
the dies 11 and 12, the dies 11 and 12 can be brought
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into a state in which the quench forming is possible. More-
over, the cooling unit 7 suppresses the deterioration of
the hardenability to the metal material resulting from the
accumulation of heat to the dies 11 and 12 caused by
the repeated forming. Therefore, even though the dies
11 and 12 repeatedly receive the heat input from the met-
al material as the forming is repeated, the dies 11 and
12 can perform the repeated quench forming without de-
teriorating the hardenability. From the above, the forming
device 1 can improve the stability of the quality of the
formed product in a case where the repeated forming is
performed.
[0062] The cooling unit 7 may make the temperatures
of the dies 11 and 12 fall within a predetermined range.
In this case, the cooling unit 7 can make the pattern of
temperature changes of the dies 11 and 12 during form-
ing close to constant. Therefore, the forming device 1
can improve the stability of the quality of the formed prod-
uct. That is, the pattern of the temperature change of the
die 11 in the first forming of Fig. 8A and the pattern of
the temperature change of the fifth die 11 are different
from each other. For that reason, there is a difference in
hardenability between a metal pipe produced by the first
forming and a metal pipe by the fifth forming. In contrast,
in the forming in the stable state, the dies 11 and 12 can
perform forming in a constant temperature change pat-
tern regardless of the number of times. Accordingly, the
quality of the formed product is stabilized.
[0063] The cooling unit 7 may increase the cooling ca-
pacity as the number of times of forming of the dies 11
and 12 increases. As the number of times of forming of
the dies 11 and 12 increases, heat is more likely to be
accumulated in the dies 11 and 12. Therefore, the cooling
unit 7 can suppress the accumulation of heat to the dies
11 and 12 by increasing the cooling capacity as the
number of times of forming of the dies 11 and 12 increas-
es.
[0064] The cooling unit 7 may increase the cooling ca-
pacity as the forming time of the dies 11 and 12 becomes
longer. The longer the forming time of the dies 11 and
12, the more easily heat is accumulated in the dies 11
and 12. Therefore, the cooling unit 7 can suppress the
accumulation of heat to the dies 11 and 12 by increasing
the cooling capacity as the forming time of the dies 11
and 12 becomes longer.
[0065] The forming device 1 includes the temperature
sensor 100 that detects the temperatures of the dies 11
and 12, and the cooling unit 7 may adjust the cooling
capacity on the basis of the detection result of the tem-
perature sensor 100. In this case, the cooling unit 7 can
make the dies 11 and 12 have an appropriate tempera-
ture depending on the temperature of the dies 11 and 12.
[0066] The forming method according to the present
embodiment may be a forming method of forming a heat-
ed metal material. The forming method includes a form-
ing process of performing quench forming by bringing
the metal material into contact with a die, and a cooling
process of cooling the die. In the cooling process, dete-

rioration of hardenability to the metal material resulting
from accumulation of heat to the die caused by repeated
forming may be suppressed.
[0067] According to this forming method, it is possible
to obtain the operation and effects having the same
meaning as that of the above-described forming device 1.
[0068] The present invention is not limited to the
above-described embodiment.
[0069] The pattern of the flow path of the cooling me-
dium formed in the die is not limited to the above-de-
scribed embodiment and may be appropriately changed
as long as the pattern can satisfactorily cool the die.
[0070] The control mode of the cooling capacity by the
control unit is not limited to that shown in the above-de-
scribed embodiment. For example, a control pattern as
shown in Figs. 9A and 9B may be adopted. In addition,
in Figs. 9A and 9B, only the graph La showing the change
mode of the minimum value and the graph Lb showing
the change mode of the maximum value are shown, and
the graph of the temperature change is omitted. The
graph of the temperature change has such a shape that
a wave is drawn within the range of the graphs La or Lb.
[0071] In Fig. 9A, the control unit 8 adjusts such that
the cooling capacity becomes extremely high. The flow
rate of the graph FG3 is higher than that of the graph
TG1 shown in Fig. 8A. In this case, the amount of heat
removed from the dies 11 and 12 by the cooling unit 7 in
single forming is larger than the amount of heat input
from the metal material to the dies 11 and 12. In the con-
trol pattern of Figs. 8A and 8B, the dies 11 and 12 are
brought into the stable state at a high temperature, but
in the control pattern of Figs. 9A and 9B, the dies 11 and
12 are brought into the stable state at a low temperature.
[0072] In Fig. 9B, the control unit 8 adjusts the cooling
capacity so as to lower the temperature to allow the tem-
perature rise of the dies 11 and 12 when the temperature
rises to a predetermined temperature. As shown in the
graph FG4, at the forming start stage, the control unit 8
allows the temperature rise of the dies 11 and 12 to some
extent by suppressing the flow rate of the cooling medium
to a low value. When the control unit 8 identifies that the
temperatures of the dies 11 and 12 have reached a pre-
determined temperature on the basis of the detection re-
sult of the temperature sensor 100, the control unit 8 tem-
porarily increases the flow rate of the cooling medium.
Accordingly, the control unit 8 lowers the temperature of
the dies 11 and 12 by increasing the amount of heat re-
moved by the cooling unit 7 rather than the amount of
heat input to the dies 11 and 12. When the control unit 8
identifies that the temperatures of the dies 11 and 12
have returned to about an initial stage on the basis of the
detection result of the temperature sensor 100, the con-
trol unit 8 returns the flow rate of the cooling medium.
Here, the control unit 8 sets the temperature range W of
the dies 11 and 12 to such an extent that the quality of
the formed product does not change excessively. Ac-
cordingly, the control unit 8 allows the pattern of temper-
ature change of the dies 11 and 12 to fluctuate, but sup-
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presses the width of the fluctuation, thereby suppressing
the variations of the quality of the formed product.
[0073] As described above, the cooling unit 7 makes
the amount of heat removed from the dies 11 and 12
larger than the amount of heat input to the dies 11 and
12 from the metal material. In this case, the cooling unit
7 can suppress the temperature rise of the dies 11 and
12 or lower the temperature of the dies 11 and 12 that
have risen. Accordingly, in a case where the repeated
forming is performed, a change in hardenability resulting
from the temperature of the dies 11 and 12 becoming
excessively high can be suppressed. From the above,
the forming device can improve the stability of the quality
of the formed product in a case where the repeated form-
ing is performed.
[0074] A forming method according to a modification
example is a forming method of forming a heated metal
material. The forming method includes a forming process
of performing quench forming by bringing the metal ma-
terial into contact with a die, and a cooling process of
cooling the die. In the cooling process, an amount of heat
removed from the die is made larger than an amount of
input heat from the metal material to the die.
[0075] According to this forming method, it is possible
to obtain the operation and effects having the same
meaning as that of the forming device 1 according to the
above-described modification example.
[0076] Additionally, a die 110 as shown in Figs. 10A
and 10B may be adopted. The die 110 shown in Figs.
10A and 10B includes a lower die 111, an upper die 112,
and an insert die 113. The insert die 113 is connected to
the upper die 112 via a damper 135. The lower die 111,
the upper die 112, and the insert die 113 have flow paths
131, 132, and 133 through which the cooling medium is
made to flow. The insert die 113 has a protrusion portion
113a for forming a complicated shape. According to such
a die 110, as shown in Fig. 10A, when the upper die 112
is lowered and closed, the insert die 113 is first brought
into a state of being close to the metal pipe material 300.
Accordingly, when a high-pressure fluid is supplied to the
metal pipe material 300, the shape corresponding to the
insert die 113 is first formed. Then, when the upper die
112 is lowered, as shown in Fig. 10B, the lower die 111,
the upper die 112, and the insert die 113 form a final
formed product 301 with a flange.
[0077] As described above, in a case where a compli-
cated part having an irregular shape is formed, it is de-
sired to start forming in a state in which the temperature
is as high as possible. Therefore, by using the insert die
113 as described above, a die contact portion in the ir-
regular shape can be suppressed to a minimum neces-
sary part. Therefore, expansion forming can be per-
formed before the temperature of the metal pipe material
300 drops. Here, in the insert die structure as described
above, it is considered that there is almost no heat trans-
fer in a sliding portion between the upper die 112 and the
insert die 113. Therefore, the upper die 112 and the insert
die 113 need to be individually cooled independently of

each other. In this case, when the die temperatures are
different from each other, the formed product 301 be-
comes a factor of having an internal strain, which affects
the forming accuracy. Therefore, it is necessary to adjust
the die temperatures by controlling the cooling medium
flowing through the flow paths 131, 132, and 133 such
that the die temperature differences among the lower die
111, the upper die 112, and the insert die 113 are as
small as possible.

Reference Signs List

[0078]

1 Forming device
7 Cooling unit
8 Control unit
11, 12 Die
40, 300 Metal pipe material (metal material)
100 Temperature sensor
111 Lower die (die)
112 Upper die (die)
113 Insert die (die)
131, 132, 133 Flow path (cooling unit)

Claims

1. A forming device that forms a heated metal material,
the forming device comprising:

a die that performs quench forming by coming
into contact with the metal material; and
a cooling unit that cools the die,
wherein the cooling unit suppresses deteriora-
tion in hardenability to the metal material result-
ing from accumulation of heat to the die caused
by repeated forming.

2. The forming device according to claim 1,
wherein the cooling unit makes a temperature of the
die fall within a predetermined range.

3. The forming device according to claim 1 or 2,
wherein the cooling unit increases a cooling capacity
as the number of times of forming of the die increas-
es.

4. The forming device according to any one of claims
1 to 3,
wherein the cooling unit increases a cooling capacity
as a forming time of the die becomes longer.

5. The forming device according to any one of claims
1 to 4, comprising:

a temperature sensor that detects a temperature
of the die,
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wherein the cooling unit adjusts a cooling ca-
pacity on the basis of a detection result of the
temperature sensor.

6. A forming device that forms a heated metal material,
the forming device comprising:

a die that performs quench forming by coming
into contact with the metal material; and
a cooling unit that cools the die,
wherein the cooling unit makes an amount of
heat removed from the die larger than an amount
of input heat from the metal material to the die.

7. A forming method of forming a heated metal material,
the forming method comprising:

a forming process of performing quench forming
by bringing the metal material into contact with
a die; and
a cooling process of cooling the die,
wherein in the cooling process, deterioration of
hardenability to the metal material resulting from
accumulation of heat to the die caused by re-
peated forming is suppressed.

8. A forming method of forming a heated metal material,
the forming method comprising:

a forming process of performing quench forming
by bringing the metal material into contact with
a die; and
a cooling process of cooling the die,
wherein in the cooling process, an amount of
heat removed from the die is made larger than
an amount of input heat from the metal material
to the die.
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