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ABSTRACT

A hot press device according to the present disclosure includes a first press, a
second press, a conveyance device linking the first press and the second press together,

and a heating furnace provided within a conveyance range of the conveyance device.



HOT PRESS DEVICE
DESCRIPTION

Technical Field
[0001] The present disclosure relates to a hot press device that heats and presses a

pressing target.

Background Art

[0002] For example, Japanese Patent Application Laid-Open (JP-A) Nos. 2009-142852
(Patent Document 1) and 2009-285728 (Patent Document 2) disclose hot press devices.
These hot press devices are configured by a single heating furnace, a single press, and a
conveyance device to convey a pressing target from the heating furnace to the press.
Hot pressing is performed by conveying sheet steel that has been heated in the heating

furnace to the press for pressing by the press.

SUMMARY OF INVENTION
Technical Problem
[0003] In addition to securing ductility and toughness, there is demand for even greater
strength in sheet steel that is hot pressed in a hot press device.
[0004] An object of the present disclosure is to provide a hot press device capable of

achieving even greater strength in addition to ductility and toughness in sheet steel.

Solution to Problem

[0005] A hot press device addressing the above issue includes a first press, a second
press, a conveyance device linking the first press and the second press together, and a
heating furnace provided within a conveyance range of the conveyance device.
Advantageous Effects of Invention

[0005a] The invention thus provides the following according to aspects thereof:

(D A hot press device, comprising: a heating furnace; a first press provided with a
die including a coolant flow path; a second press provided with another die including a
coolant flow path; and a conveyance device linking the first press and the second press
together, and including a function of conveyance to the heating furnace from the first

press or from the second press.
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2) The hot press device of (1), further comprising a conveyance mechanism
configured to move a material between a first placement position within the heating
furnace and a second placement position within a conveyance range of the conveyance
device.

3) The hot press device of (2), wherein the conveyance mechanism is configured to
convey the material back and forth between the first placement position and the second
placement position.

€ The hot press device of (2) or (3), wherein the second placement position faces at
least one of an insertion port of the first press or an insertion port of the second press.

&) The hot press device of any one of (2) to (4), further comprising a controller that
controls the conveyance device such that pressed material is removed from the first press
and the pressed material is conveyed to the second placement position.

6) The hot press device of any one of (1) to (5), wherein the conveyance device
includes an in-furnace conveyance section configured to convey material from an
insertion port of the heating furnace to a discharge port of the heating furnace.

N The hot press device of (6), wherein a removal port of the first press is located
opposite to the insertion port of the heating furnace, and the discharge port of the heating
furnace is located opposite to an insertion port of the second press.

& The hot press device of any one of (1) to (6), further comprising another heating
furnace provided within the conveyance range of the conveyance device.

©) The hot press device of (1), further comprising another heating furnace provided

within a conveyance range of the conveyance device.

[0006] The hot press device of the present disclosure is capable of achieving even

greater strength in addition to ductility and toughness in sheet steel.

BRIEF DESCRIPTION OF DRAWINGS
[0007] Fig. 1is a schematic perspective view illustrating a hot press device according to

a first exemplary embodiment.

1a
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Fig. 2 is a schematic plan view illustrating a hot press device according to the
first exemplary embodiment.

Fig. 3 is an explanatory diagram illustrating a conveyance table of the first
exemplary embodiment as viewed from the side.

Fig. 4 is a schematic plan view illustrating a hot press device according to a
second exemplary embodiment.

Fig. 5 is a schematic plan view illustrating a hot press device according to a third
exemplary embodiment.

Fig. 6 is a schematic plan view illustrating a hot press device according to a
fourth exemplary embodiment.

Fig. 7 is an explanatory diagram illustrating a continuous roller hearth heating
furnace.

Fig. 8 is an explanatory diagram illustrating a multi-tiered heating furnace.

Fig. 9 is a schematic plan view illustrating a hot press device according to a fifth
exemplary embodiment.

Fig. 10 is a schematic plan view illustrating a hot press device according to a

sixth exemplary embodiment.

DESCRIPTION OF EMBODIMENTS
[0008] Hot pressed members with high strength characteristics are employed in vehicle
components used as collision countermeasures. Improvements in the ductility and
toughness of such hot pressed components are demanded in order to achieve greater
strength.

In addressing these demands, the inventors have discovered that high strength
characteristics can be obtained by performing plural repetitions of heating and cooling
cycles.

[0009] Conventional hot press devices are configured by a single heating furnace, a
single press with a workpiece cooling function, and a conveyance device to convey the
pressing target from the heating furnace to the press.

[0010] Hot press forming of high strength sheet steel is simpler than cold forming.
Employing hot press forming enables a high strength formed product to be formed in a
single pressing process. Plural repetitions of heating and cooling cycles are therefore

not envisaged in conventional hot press devices.
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[0011] When plural repetitions of heating and cooling cycles are performed, temperature
management is necessary during processing in order to maintain the desired
characteristics. However, since there has hitherto been no research into forming
methods involving plural repetitions of heating and cooling cycles, there has similarly
been no research into devices that would achieve such a method.  This has led the
inventors to the following exemplary embodiments.
[0012] First Exemplary Embodiment

Explanation follows regarding a first exemplary embodiment of the present
disclosure, with reference to the drawings. In the drawings, a back side is indicated by
the arrow A, an upper side is indicated by the arrow B, and a lateral direction is indicated
by the arrow C.
[0013] Fig. 1 and Fig. 2 are schematic drawings illustrating a hot press device 10
according to the present exemplary embodiment. The hot press device 10 includes a
press 12 and a press 14. A first manipulator 16, this being an example of a conveyance
device linking the two presses 12, 14 together, is provided between the press 12 and the
press 14 in the vicinity of a corner of the press 14.
{0014} The first manipulator 16 conveys a material Z configured by sheet steel and
moves the material Z in and out of the presses 12, 14. The presses 12, 14 are therefore
disposed within a conveyance range of the first manipulator 16. The two presses 12, 14
are linked together by the first manipulator 16 in this manner.
[0015] The first manipulator 16 may be installed above a heating furnace 18. This
applies not only to the first exemplary embodiment, but also to other exemplary
embodiments, in which a manipulator that moves the material Z in and out of a heating
furnace may be installed above the heating furnace.
[0016] The heating furnace 18 is provided within the conveyance range of the first
manipulator 16. The heating furnace 18 is disposed between the first press 12 and the
second press 14 at the back side A of the two presses 12, 14.  The material Z is moved
between the heating furnace 18 and the press 12, and between the heating furnace 18 and
the press 14, by moving the material Z between the heating furnace 18 and the presses 12,
14 with the first manipulator 16.
[0017] The heating furnace 18 is a device used to heat the material Z configuring a
heating target. Examples of the heating furnace 18 include a high frequency furnace, a

resistance furnace, a gas furnace, or an infrared furnace. As illustrated in Fig. 1 and
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Fig. 3, the heating furnace 18 includes a door 18E that is capable of opening and closing
an entry/exit port 18D. The door 18E is capable of changing the opening height when
the entry/exit port 18D is open according to the size of the target material Z.

[0018] As illustrated in Fig. 3, the heating furnace 18 includes a drive section 18G that
drives rotation of rollers 18F provided inside the heating furnace 18. An electrical
heater may be employed as a heating means instead of the heating furnace.

[0019] As illustrated in Fig. 1 and Fig. 2, the press 12 is configured by a hydraulic press
that press-forms the material Z by applying a large load. The press 12 includes four
columns 12A, and a roof 12B supported by the columns 12A.  As illustrated in Fig. 2,
the press 12 is formed with a rectangular profile in plan view, and the material Z enters
and leaves at a side corresponding to a long edge. The press 12 is not limited to a
hydraulic press, and may be configured by another type of press, such as a servo press.
The same applies to the presses of the other exemplary embodiments.

[0020] As illustrated in Fig. 1, an upper die 12C and a lower die 12D configuring a pair
are provided at the inside of the respective columns 12A. The upper die 12C is driven in
the up-down direction with respect to the lower die 12D by a raising/lowering mechanism
(not illustrated in the drawings). One out of the upper die 12C or the lower die 12D is a
protruding die (punch), and the other out of the upper die 12C or the lower die 12D is a
recessed die (die) corresponding to the protruding die.

[0021] The material Z is placed on the lower die 12D and press formed with the upper
die 12C. The material Z is cooled in a state clamped between the upper die 12C and the
lower die 12D. The upper die 12C and the lower die 12D include coolant flow paths.
The heat removed from the material Z during pressing is dissipated by the coolant.
[0022] The press 14 is configured by a high-speed forming servo device, and the press
speed and the like can be adjusted by controlling a servo motor.  The press 14 includes
four columns 14A, and a roof 14B supported by the columns 14A.  As illustrated in Fig.
2, the press 14 is formed with a rectangular profile in plan view, and the material Z enters
and leaves at a side corresponding to a long edge.

[0023] An upper die 14C and a lower die 14D configuring a pair are provided at the
inside of the respective columns 14A.  The upper die 14C is driven in the up-down
direction with respect to the lower die 14D by a raising/lowering mechanism (not

illustrated in the drawings). One out of the upper die 14C or the lower die 14D is a
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protruding die, and the other out of the upper die 12C or the lower die 12D is a recessed
die corresponding to the one protruding die.

[0024] The upper die 14C and the lower die 14D have similar functions to the upper die
12C and the lower die 12D, and differ only in that the profiles of the dies are different.
[0025] As illustrated in Fig. 2, a conveyance table 20 is provided between the two
presses 12, 14.  One entry/exit port 12FI, serving as an example of a material Z insertion
port of the press 12, opens toward the conveyance table 20 side of the press 12.  One
entry/exit port 14FI, serving as an example of a material Z insertion port of the press 14,
opens toward the conveyance table 20 side of the press 14,

[0026] As illustrated in Fig. 3, the conveyance table 20 includes four legs 20A. A
tabletop 20B supported by the legs 20A is formed in a rectangular frame shape (see

Fig. 1). Plural circular column shaped rollers 20C extending in a width direction of the
tabletop 20B are disposed in a length direction of the tabletop 20B within the frame.
Each of the rollers 20C is coupled to a drive section 20D and is capable of being rotation
driven.

[0027] The respective rollers 20C are disposed at the same height as the rollers 18F
inside the heating furnace 18 provided at one end side of the conveyance table 20. The
material Z is thus moved between the conveyance table 20 and the heating furnace 18 by
moving over the respective rollers 20C, 20F of the conveyance table 20 and the heating
furnace 18.

[0028] Asillustrated in Fig. 2, a material table 22 is provided at the other end side of the
conveyance table 20. The first manipulator 16 is disposed between the material table 22
and the press 14,

[0029] The first manipulator 16 includes a rotating base 16A, an articulated arm 16B
rotatably supported on the rotating base 16A, and an exchangeable holding tool 16C
attached to a leading end of the articulated arm 16B. The material table 22, the
conveyance table 20, the press 12, the press 14, and the heating furnace 18 are provided
within a movement range of the material Z by the holding tool 16C.  The holding tool
16C includes a suction holding mechanism that uses suction to hold the material Z, and a
hooking holding mechanism that holds the material Z by hooking the material Z. Note
that a gripper holding mechanism that holds the material Z by gripping the material Z

may be provided instead of the hooking holding mechanism.
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[0030] A controller 24 configured by an industrial computer or the like is connected to
the first manipulator 16.  The controller 24 is also connected to the two presses 12, 14,
the heating furnace 18, and the conveyance table 20. The first manipulator 16, the two
presses 12, 14, the heating furnace 18, and the conveyance table 20 are thus operated
according to commands expressed by control signals output from the controller 24.
[0031] A second manipulator 26, configured similarly to the first manipulator 16, is
provided in the vicinity of a corner of the press 12.  The controller 24 is also connected
to the second manipulator 26, and the second manipulator 26 is operated according to
commands expressed by control signals from the controller 24.

The second manipulator 26 removes the material Z that has been pressed in the
press 12 through another entry/exit port 12FO and places the material Z on a linear
conveyance mechanism (not illustrated in the drawings), and the material Z is conveyed
to a subsequent process at high speed by the linear conveyance mechanism.

[0032] A third manipulator 28, configured similarly to the first manipulator 16, is
provided in the vicinity of a corner of the press 14.  The controller 24 is also connected
to the third manipulator 28, and the third manipulator 28 is operated according to
commands expressed by control signals from the controller 24.

The third manipulator 28 removes the material Z that has been pressed in the
press 14 through another entry/exit port 14FO and places the material Z on a linear
conveyance mechanism (not illustrated in the drawings), enabling the material Z to be
conveyed to a subsequent process at high speed by the linear conveyance mechanism.
[0033] Note that in the present exemplary embodiment, the first manipulator 16 is
described as an example of a conveyance device; however, there is no limitation thereto.
For example, the conveyance device may be configured by a conveyor. In cases in
which a conveyance device is configured by plural manipulators and conveyors, if the
conveyance paths thereof overlap or are connected, the plural manipulators, linear
conveyance mechanisms, and conveyors are considered to be a single conveyance device.
In cases in which the conveyance paths thereof do not overlap or are not connected, the
plural manipulators, linear conveyance mechanisms, and conveyors are considered to be
separate conveyance devices. Similar also applies in subsequent exemplary
embodiments.

[0034] In cases in which a conveyor is employed, a conveyance path configuring a

conveyance range is a conveyance path configured by the conveyor. In cases in which a
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robot or a manipulator is employed, a conveyance path is configured by a movement
range of a robot hand or the holding tool 16C of the manipulator. In cases in which a
conveyor and a manipulator are employed, a conveyance path is configured by a
movement range of the conveyor and the holding tool 16C of the manipulator. Similar
also applies in subsequent exemplary erﬁbodiments.

[0035] Explanation follows regarding a process for forming a formed product in which
heating is performed twice in the present exemplary embodiment configured as described
above. The controller 24 operates according to a program stored in an internal storage
medium so as to output respective control signals to the manipulators 26, 28, the presses
12, 14, the heating furnace 18, and the conveyance table 20. The manipulators 26, 28,
the presses 12, 14, the heating furnace 18, and the conveyance table 20 are operated
according to the control signals from the controller 24.

[0036] Namely, when forming a formed product from a blank, the material Z (blank) is
placed on the material table 22 in advance. In this state, the controller 24 commences
operation according to the stored program, and outputs a control signal to the first
manipulator 16 such that the first manipulator 16 holds and conveys the material Z
(blank) placed on the material table 22 to the conveyance table 20 using the holding tool
16C of the suction holding mechanism.

[0037] The controller 24 then outputs control signals to the heating furnace 18 and the
conveyance table 20. When this is performed, the heating furnace 18 actuates the door
18E so as to open the entry/exit port 18D to an opening height adjusted according to the
size of the material Z (blank) to be heated.

The drive section 20D of the conveyance table 20 rotates the rollers 20C, and the
drive section 18G of the heating furnace 18 rotates the rollers 18F. The drive section 20D
of the conveyance table 20 and the drive section 18G of the heating furnace 18 accordingly load
the material Z (blank) inside the heating furnace 18 by driving the respective rollers.
[0038] Note that in the present exemplary embodiment, the material Z (blank) on the
conveyance table 20 is loaded into the heating furnace 18 by the rollers 20C of the
conveyance table 20 and the rollers 18F of the heating furnace 18. Accordingly, the
conveyance table 20 configures a loading device for the heating furnace 18, and the
conveyance table 20 may be considered to be part of the heating furnace 18.

[0039] The heating furnace 18 follows the control signals from the controller 24 to heat

the material Z (blank) for a set duration (for example 4 minutes) at a set temperature (for
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example approximately 1000°C). The rollers 20C of the conveyance table 20 and the
rollers 18F of the heating furnace 18 are then driven to discharge the heated material Z
(blank) onto the conveyance table 20.

[0040] In this manner, the rollers 20C of the conveyance table 20 and the rollers 18F of
the heating furnace 18 configure a conveyance mechanism for moving the material Z
back and forth between a first placement position 18A positioned inside the heating
furnace 18, and a second placement position 20E positioned within the conveyance range
but outside the heating furnace 18.

[0041] The first manipulator 16 is capable of conveying the material Z directly between
the at least one out of the presses 12 or 14 and the second placement position 20E. The
first manipulator 16 configuring the conveyance device accordingly has a conveyance
function to convey the material Z from at least one out of the presses 12 or 14 to the
heating furnace 18. Note that direct conveyance refers to conveyance in which the
material 7 is not passed or exchanged and is not relayed through a separate location en-
route during conveyance.

[0042] It is desirable that the first manipulator 16 be capable of conveying the material
Z directly between each of the presses 12, 14 and the second placement position 20E. In
the present exemplary embodiment, the first manipulator 16 conveys the material Z
directly between the presses 12, 14 configuring plural presses and the second placement
position 20E.  This enables a combination of a heating process and a pressing process to
be performed twice while managing the temperature of the workpiece.

[0043] Note that the time taken for the material Z (blank) to enter or leave the heating
furnace 18 is set to within 2 seconds for a material Z with a length of 1.5 m in the heating
furnace insertion direction (referred to hereafter as the insertion direction) (i.e. ata
conveyance speed of at least 750 mm/s).

[0044] The material Z (heated blank) discharged onto the conveyance table 20 is held
and lifted up by the holding tool 16C of the first manipulator 16 that has been exchanged
for the hooking holding mechanism under the control of the controller 24.  The first
manipulator 16 controlled by the controller 24 conveys the lifted material Z (heated
blank) to the press 12 and sets the material Z (heated blank) on the lower die 12D of the
press 12,

[0045] The press 12 lowers the upper die 12C according to a command from the

controller 24 to press form the material Z (heated blank) clamped between the upper die
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12C and the lower die 12D.  When this is performed, the heat of the material Z (heated
blank) is rapidly removed by the upper die 12C and the lower die 12D. The heat
removal amount is particularly large when the dies reach bottom dead center and the
material Z is held clamped between the upper die 12C and the lower die 12D. This
corresponds to a first hot pressing.

[0046] When this is performed, the time taken from discharging the material Z (heated
blank) from the heating furnace 18 to holding the material Z (heated blank) clamped
between the upper die 12C and the lower die 12D is managed. This time is, for
example, approximately 8 seconds.

[0047] Note that in the present exemplary embodiment, the material Z (heated blank)
discharged onto the conveyance table 20 is set in the press 12 by the first manipulator 16;
however, there is no limitation thereto. A linear conveyance mechanism (not illustrated
in the drawings) may be provided between the conveyance table 20 and the press 12 such
that the material Z (heated blank) discharged onto the conveyance table 20 from the
heating furnace 18 is lifted up by the first manipulator 16 and then set in the press 12 at
high speed using the linear conveyance mechanism, thereby achieving an increase in
speed and a reduction in the time taken.

[0048] Next, the material Z (heated blank) is pressed so as to be held and cooled
continuously for a predetermined pressing duration (for example 10 seconds) by the press
12, after which the upper die 12C is raised and the press 12 is opened. A lifting
mechanism (not illustrated in the drawings) of the press 12 lifts up and releases the
pressed material Z (intermediate product) from the lower die 12D. When this is
performed, in response to a command from the controller 24, the first manipulator 16
conveys the pressed material Z (intermediate product) to the conveyance table 20 using
the holding tool 16C of the hooking holding mechanism. The material Z (intermediate
product) conveyed to the conveyance table 20 is thereby once again loaded into the
heating furnace 18 by driving the rollers with a command from the controller 24.

[0049] The heating furnace 18 reheats the loaded material Z (intermediate product)
according to a command from the controller 24, and after the material Z (intermediate
product) reaches a reheat temperature (for example 900°C), the material Z (intermediate
product) is held at the reheat temperature for a predetermined duration (for example 2
minutes). The heating furnace 18 then discharges the material Z (heated intermediate

product) to the conveyance table 20 by driving the rollers described above.
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[0050] When this is performed, the time taken for the material Z (heated intermediate
product) to enter or leave the heating furnace 18 is set to within approximately 2 seconds
for a material with a length of 1.5 m in the insertion direction (i.e. at a conveyance speed
of at least 750 mmy/s).

[0051] The material Z (heated intermediate product) discharged onto the conveyance
table 20 is held by the holding tool 16C of the hooking holding mechanism of the first
manipulator 16 under the control of the controller 24.  When this is performed, the
controller 24 computes a position to hook the material Z (heated intermediate product)
with the hooking holding mechanism in consideration of the amount of thermal expansion
of the material Z (heated intermediate product), and outputs a control signal to the first
manipulator 16. The first manipulator 16 conveys the held and lifted material Z (heated
intermediate product) to the press 14 using the holding tool 16C of the hooking holding
mechanism, and sets the material Z (heated intermediate product) on the lower die 14D of
the press 14.

[0052] The press 14 lowers the upper die 14C according to a command from the
controller 24, and press forms the material Z (heated intermediate product) clamped
between the upper die 14C and the lower die 14D. When this is performed, the heat of
the material Z (heated intermediate product) is rapidly removed by the upper die 14C and
the lower die 14D. The heat removal amount is particularly large when the dies reach
bottom dead center and the material Z is held clamped between the upper die 14C and the
lower die 14D. This corresponds to a second hot pressing.

[0053] When this is performed, the time taken from discharging the material Z (heated
intermediate product) from the heating furnace 18 to holding the material Z (heated
intermediate product) clamped between the upper die 14C and the lower die 14D is
managed. The time is, for example, approximately 8 seconds.

[0054] Note that in the present exemplary embodiment, the material Z (heated
intermediate product) discharged onto the conveyance table 20 is set in the press 14 by
the first manipulator 16; however, there is no limitation thereto. A linear conveyance
mechanism (not illustrated in the drawings) may be provided between the conveyance
table 20 and the press 14 such that the material Z (heated intermediate product)
discharged onto the conveyance table 20 from the heating furnace 18 is lifted up by the
first manipulator 16 and then set in the press 14 at high speed using the linear conveyance

mechanism, thereby achieving an increase in speed and a reduction in the time taken.
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[0055] The dies of the press 14 have profiles adapted to the size of the finished product
in consideration of the thermal expansion of the material Z (heated intermediate product).
The material Z (heated intermediate product) is pressed so as to be held and cooled
continuously for a predetermined pressing duration (for example 15 seconds) by the press
14, after which the upper die 14C is raised and the press 14 is opened. A lifting
mechanism (not illustrated in the drawings) of the press 14 lifts up and releases the
pressed material Z (formed product) from the lower die 14D.

[0056] Then, in response to a command from the controller 24, the third manipulator 28
lifts up the material Z (formed product) that has been released from the lower die 14D and
conveys the material Z (formed product) out of the press 14 to be passed to a subsequent
process.

[0057] Note that in the present exemplary embodiment, the cycle time is approximately
7 minutes per component when the two heating durations and conveyance durations are
added together.

[0058] In this manner, in the hot press device 10 of the present exemplary embodiment,
thermal history control can be performed by hot pressing the material Z to be pressed
plural times (twice in the present exemplary embodiment). This thereby enables an
ultra-high strength hot pressed formed product in which the toughness has been raised to
be obtained by quenching during the plural hot pressings.

[0059] Namely, during the first hot pressing, after the material Z undergoing pressing
has been converted into austenite and carbides have been fully converted into a solid
solution, the material Z is caused to undergo a phase transformation to a hard phase (by
martensite transformation or bainite transformation). This enables the material Z
(intermediate product) to be press formed in a state in which in which the austenite grain
size is smaller than in cases in which the material Z undergoing pressing becomes ferrite-
pearlite.

[0060] When heating the pressed material Z (intermediate product) during the second
hot pressing, even if carbides have not been not completely eliminated, such carbides can
be dissolved in a short period of time due to having a fine grain size. This thereby
enables residual carbides to be eliminated.

[0061] Moreover, finer austenite grain size can be achieved by heating during the

second hot pressing, making it possible to induce martensite transformation due to the
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fine austenite grain size, thereby enabling an ultra-high strength hot-pressed component
with high toughness to be obtained.

[0062] Moreover, the hot press device 10 can be made smaller than in cases in which
plural hot press machines are connected in series for sequential conveyance from heating
furnace to press. This thereby enables a space saving to be achieved.

[0063] In the present exemplary embodiment, the two presses 12, 14 and the single
heating furnace 18 are disposed bordering the conveyance region within which the
material Z is conveyed, thereby enabling heating to be performed plural times. This
thereby enables the heating furnace 18 to be commonly employed during the first heating
and the second heating, enabling effective utilization of the heating furnace 18.

[0064] Note that in the present exemplary embodiment, the heating duration of the first
heating and the heating duration of the second heating in the heating furnace 18 may be
set separately to each other by the settings of the controller 24.  This enables application
to processing in which the material Z is held at a predetermined temperature for a uniform
duration during the first heating, and the heated material Z is discharged without being
held during the second heating.

[0065] Application may also be made to manufacture of various pressed components in
which cold pressing is used in conjunction with hot pressing.

[0066] It is possible to manufacture two components on the same line by installing the
presses 12, 14 with dies for different components that employ the same type and same
thickness of sheet steel, with sheet steel for each component being heated alternately and
allocated to the respective presses 12, 14 to perform hot pressing.

[0067] When cold pressing is performed, using the press 12 and the press 14 in
sequence enables two-stage pressing in which shallow drawing is followed by deep
drawing. This enables the degrees of freedom when forming to be increased. Two-
stage processing in which press forming is followed by peripheral shearing is also
possible. This thereby enables shapes that cannot be achieved by a single pressing to be
formed.

[0068] In such cases, cold pressing does not require a heating duration, enabling
application to mass production. Pre-forming methods in which heating and hot pressing
are performed after cold forming are also possible.

[0069] Since there is a single heating furnace 18, the first heating and the second heating

are performed alternately. However, providing multiple tiers within the furnace
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according to a ratio between the first heating duration and the second heating duration
enables time loss to be eliminated. Namely, by loading material sequentially after a
fixed period of time has elapsed during the first heating and commencing the second
heating on an available tier immediately after conveyance out after the first heating
enables the heating furnace 18 to be operated continuously.

[0070] Second Exemplary Embodiment

Explanation follows regarding a second exemplary embodiment of the present
disclosure, with reference to the drawings.

Fig. 4 is a diagram illustrating the second exemplary embodiment. Portions
identical or equivalent to those of the first exemplary embodiment are allocated the same
reference numerals, and explanation thereof is omitted, with explanation being given
regarding only portions that differ.

[0071] Namely, a hot press device 30 of the present exemplary embodiment differs from
the first exemplary embodiment in that the conveyance table 20 is absent.

[0072] The heating furnace 18 includes a conveyance mechanism 32 that is capable of
being in a stored state 18C disposed inside the heating furnace 18, and a discharged state
18B extending to the exterior of the heating furnace 18 through the entry/exit port.

When in the discharged state 18B, the conveyance mechanism 32 is disposed facing the
entry/exit ports 12FI, 14FI configuring examples of insertion ports of the press 12 and the
press 14, and within a conveyance range of the first manipulator 16.

[0073] Accordingly, the conveyance mechanism 32 moves the material Z between a first
placement position 32A positioned inside the heating furnace 18 and a second placement
position 32B positioned within the conveyance range but outside the heating furnace.
[0074] The controller 24 outputs a command to the first manipulator 16 to remove a
pressed material Z from the press 12 and convey the pressed material Z to the conveyance
mechanism 32 that is in the discharged state 18B, namely to the second placement
position 32B.

[0075] In the present exemplary embodiment, the material Z is removed from the press
12 and conveyed to the conveyance mechanism 32 that is in the discharged state 18B by
the first manipulator 16, enabling the heating furnace 18 to place the conveyance
mechanism 32 in the stored state 18C to heat the material Z quickly while on the

conveyance mechanism 32.
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[0076] After heating, the heating furnace 18 places the conveyance mechanism 32 in the
discharged state 18B, enabling the heated material Z on the conveyance mechanism 32 to
be disposed in the conveyance range of the first manipulator 16 quickly. This thereby
enables the interaction between the material Z and the heating furnace 18 to be simplified
and performed smoothly.

[0077] The conveyance mechanism 32 is disposed facing the entry/exit ports 12FI, 14FI
of the press 12 and the press 14 when in the discharged state 18B. This thereby enables
the presses 12, 14 and the conveyance mechanism 32 to be linked by the shortest possible
path, enabling the time taken for insertion and removal of the material Z to be reduced.
[0078] Third Exemplary Embodiment

Explanation follows regarding a third exemplary embodiment of the present
disclosure, with reference to the drawings.

Fig. 5 is a diagram illustrating a hot press device 36 of the present exemplary
embodiment. Portions identical or equivalent to those of the first exemplary
embodiment are allocated the same reference numerals, and explanation thereof is
omitted, with explanation being given regarding only portions that differ.

[0079] The hot press device 36 of the present exemplary embodiment differs greatly
from that of the first exemplary embodiment in that a second heating furnace 38 is
provided in addition to the heating furnace 18 (this will be referred to as the first heating
furnace 18 in the present exemplary embodiment).

[0080] Namely, the first heating furnace 18 is provided at one end side of the
conveyance table 20, and the second heating furnace 38 is provided at the other end side
of the conveyance table 20. Accordingly, the hot press device 36 according to the
present exemplary embodiment is provided with two or more heating furnaces, this being
equal to or fewer than the number of the presses 12, 14.

[0081] The material table 22 is disposed on the press 14 side of the second heating
furnace 38, and the first manipulator 16 is disposed between the first heating furnace 18
and the press 14. The presses 12, 14, the heating furnaces 18, 38, and the tables 20, 22
are provided within the conveyance range of the first manipulator 16.

[0082] Explanation follows regarding operation of the present exemplary embodiment
configured as described above. Note that similarly to in the first exemplary

embodiment, the manipulators 16, 26, 28, the presses 12, 14, the heating furnaces 18, 38,
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and so on are operated according to commands from the controller 24.  Explanation
regarding the commands from the controller 24 is omitted.

[0083] Namely, the first manipulator 16 holds a material Z (blank) that has been placed
on the material table 22 with the suction holding mechanism and conveys the material Z
(blank) to the conveyance table 20.

[0084] The material Z (blank) that has been conveyed to the conveyance table 20 is
loaded into the first heating furnace 18 by driving the rollers described above. The first
heating furnace 18 heats the material Z (blank) at a set temperature (for example
approximately 900°C) for a set duration (for example 4 minutes), after which the material
Z (blank) is discharged onto the conveyance table 20 by driving the rollers.

[0085] The material Z (heated blank) that has been discharged onto the conveyance
table 20 is held and lifted up by the hooking holding mechanism of the first manipulator
16, and is set on the lower die 12D of the press 12.

[0086] The press 12 lowers the upper die 12C to press form the material Z (heated
blank) clamped between the upper die 12C and the lower die 12D.  When this is
performed, the heat of the material Z (heated blank) is rapidly removed by the upper die
12C and the lower die 12D. The heat removal amount is particularly large when the dies
reach bottom dead center and the material Z is held clamped between the upper die 12C
and the lower die 12D.  This corresponds to a first hot pressing.

[0087] The time taken from discharging the material Z (heated blank) from the first
heating furnace 18 to holding the material Z (heated blank) clamped between the upper
die 12C and the lower die 12D is managed. The time is, for example, approximately 8
seconds.

[0088] Note that in the present exemplary embodiment, the material Z (heated blank)
discharged onto the conveyance table 20 is set in the press 12 by the first manipulator 16;
however, there is no limitation thereto. A linear conveyance mechanism (not illustrated
in the drawings) may be provided between the conveyance table 20 and the press 12 such
that the material Z (heated blank) discharged onto the conveyance table 20 from the first
heating furnace 18 is set in the press 12 at high speed using the linear conveyance
mechanism, thereby achieving an increase in speed and a reduction in the time taken.
[0089] The material Z (heated blank) is pressed so as to be held and cooled continuously
for a predetermined pressing duration (for example 10 seconds) by the press 12, after

which the upper die 12C is raised and the press 12 is opened. The lifting mechanism

15



CA 03035505 2015-02-28

(not illustrated in the drawings) of the press 12 lifts up and releases the pressed material Z
(intermediate product) from the lower die 12D.

[0090] The first manipulator 16 uses the hooking holding mechanism to lift up and
convey the pressed material Z (intermediate product) from the lower die 12D to the
conveyance table 20. The material Z (intermediate product) conveyed to the
conveyance table 20 is loaded into the second heating furnace 38 by driving the rollers of
the conveyance table 20.

[0091] The second heating furnace 38 reheats the material Z (intermediate product)
loaded therein, and after reaching a reheat temperature (for example 400°C), the material
(intermediate product) is held at the reheat temperature for a predetermined duration (for
example 60 minutes). The material Z (heated intermediate product) is then discharged
onto the conveyance table 20 by driving the rollers described above.

[0092] When this is performed, the time taken for the material Z (heated intermediate
product) to enter or leave the second heating furnace 38 is set to within approximately 2
seconds for a material with a length of 1.5 m in the insertion direction (i.e at a
conveyance speed of at least 750 mm/s).

{0093] The material Z (heated intermediate product) discharged onto the conveyance
table 20 is held by the hooking holding mechanism of the first manipulator 16.  When
this is performed, the controller 24 computes a position to hook the material Z (heated
intermediate product) with the hooking holding mechanism in consideration of the
amount of thermal expansion of the material Z (heated intermediate product), and outputs
a control signal to the first manipulator 16. The first manipulator 16 sets the lifted
material Z (heated intermediate product) on the lower die 14D of the press 14.

[0094] The press 14 lowers the upper die 14C to press form the material Z (heated
intermediate product) clamped between the upper die 14C and the lower die 14D, When
this is performed, the heat of the material Z (heated intermediate product) is rapidly
removed by the upper die 14C and the lower die 14D.  The heat removal amount is large
when the material Z is held clamped between the upper die 14C and the lower die 14D.
This corresponds to a second hot pressing.

[0095] The time taken from discharging the material Z (heated intermediate product)
from the second heating furnace 38 to holding the material Z (heated intermediate
product) clamped between the upper die 14C and the lower die 14D is managed. The

time is, for example, approximately 6 seconds.
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[0096] Note that in the present exemplary embodiment, the material Z (heated
intermediate product) discharged onto the conveyance table 20 is set in the press 14 by
the first manipulator 16; however, there is no limitation thereto. A linear conveyance
mechanism (not illustrated in the drawings) may be provided between the conveyance
table 20 and the press 14 such that the material Z (heated intermediate product)
discharged onto the conveyance table 20 from the second heating furnace 38 is set in the
press 14 at high speed using the linear conveyance mechanism, thereby achieving an
increase in speed and a reduction in the time taken.

[0097] When cooling during the second hot pressing, martensite transformation does not
occur. The protruding die (punch) and the recessed die (die) corresponding to the
protruding die configuring the dies are thus greater in size than the finished product in
consideration of the contraction of the material Z (heated intermediate product) during
cooling.

[0098] The material Z (heated intermediate product) is pressed so as to be held and
cooled continuously for a predetermined pressing duration (for example 15 seconds) by
the press 14, after which the upper die 14C is raised and the press 14 is opened. The
lifting mechanism (not illustrated in the drawings) of the press 14 lifts up and releases the
pressed material Z (formed product) from the lower die 14D. The third manipulator 28
then lifts up and conveys the material Z (formed product) from the lower die 14D to be
passed to a subsequent process.

[0099] Note that in the present exemplary embodiment, the cycle time is approximately
65 minutes per component when the two heating durations and conveyance durations are
added together.

[0100] In this manner, the hot press device 36 of the present exemplary embodiment is
capable of exhibiting similar operation and advantageous effects to those of the first
exemplary embodiment.

[0101] Moreover, the present exemplary embodiment includes the first heating furnace
18 that heats the material Z to be pressed by the press 12 and the second heating furnace
38 that heats the material Z to be pressed by the press 14, enabling the material Z to be
heated by dedicated furnaces in the first hot pressing and the second hot pressing.  This
thereby enables optimal temperature management in the respective hot pressings,

facilitating quality control of the formed product.
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[0102] Note that in the present exemplary embodiment, the second heating duration is
longer than the first heating duration, resulting in unproductive time in the first heating
furnace 18. In order to eliminate this issue, the second heating furnace 38 may be
configured by a multi-tiered or rotating heating furnace.
[0103] In such cases, a configuration is adopted in which a number of sheets of the
material Z corresponding to the ratio of the second heating duration to the first heating
duration (60 minutes/4 minutes = 15 sheets in the present exemplary embodiment) can be
heated in the second heating furnace 38.  This enables the heating durations to be
synchronized for the first heating and the second heating, and for unproductive time to be
kept to a minimum. In order to achieve further improvements in productivity above
those from synchronizing operation of the heating furnaces in this manner, multiples of N
times the number of tiers of heating furnaces, or multiples of N times the length for
rotating furnaces, may be employed.
[0104] In the present exemplary embodiment, dies for different components may be
installed in the presses 12, 14, and materials Z (blanks) for different components or made
of different types of steel may be introduced to the first and second heating furnaces 18,
38 at staggered timings for hot pressing in the corresponding presses 12, 14.  This
thereby enables two different components to be manufactured on the same line.
[0105] Providing the first and second heating furnaces 18, 38 enables plural components
using materials Z of different types and different thicknesses to be manufactured
concurrently under different heating conditions.
[0106] Fourth Exemplary Embodiment

Explanation follows regarding a fourth exemplary embodiment of the present
disclosure, with reference to the drawings.
[0107] Fig. 6 is a diagram illustrating a hot press device 40 according to the present
exemplary embodiment, in which a material table 42 is provided on the conveyance
direction upstream side of the material Z being processed. A continuous roller hearth
heating furnace 44, this being an example of a heating furnace and configuring part of a
conveyance device, is provided on the downstream side of the material table 42. A first
manipulator 46 serving as an example of a conveyance device that conveys the material Z
on the material table 42 to an insertion port 44A of the continuous roller hearth heating
furnace 44 is provided between the material table 42 and the continuous roller hearth

heating furnace 44.
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[0108] As illustrated in Fig. 7, the continuous roller hearth heating furnace 44 includes
rollers 44F that convey the material Z inserted through the insertion port 44A toward a
discharge port 44D. The continuous roller hearth heating furnace 44 heats the material Z
as the material Z is being carried from the upstream side toward the downstream side by
the rollers 44F.

[0109] The continuous roller hearth heating furnace 44 thereby includes an in-furnace
conveyance section 44H that conveys the material Z from the insertion port 44A toward
the discharge port 44D.

[0110] As illustrated in Fig. 6, a conveyance table 48 is provided on the downstream
side of the continuous roller hearth heating furnace 44. The material Z discharged
through the discharge port 44D of the continuous roller hearth heating furnace 44 can be
placed on the conveyance table 48.

[0111] A multi-tiered heating furnace 50 is provided downstream of the conveyance
table 48.  As illustrated in Fig. 8, the multi-tiered heating furnace 50 is provided with
plural heating chambers 50A in a row along a vertical direction. Each of the heating
chambers 50A can be raised and lowered, and an entry/exit port of each of the heating
chambers 50A is capable of being raised and lowered to draw level with the conveyance
table 48. This enables the duration of an insertion or discharge operation of the material
Z to be made the same for each tier.

[0112] Plural sheets of the material Z are heated in the respective heating chambers
50A, and the duration from being loaded in the heating chamber 50A to being removed
from the heating chamber 50A is adjusted, enabling the heating duration of each sheet of
the material Z to be controlled.

{0113] Note that as illustrated by the dotted lines in Fig. 8, in the multi-tiered heating
furnace 50, additional heating chambers SOA can be disposed in the lateral direction such
that plural of the heating chambers S0A are disposed in both the vertical and lateral
directions.

[0114] As illustrated in Fig. 6, a press 52 is disposed on one side of the conveyance
table 48, and a press 54 is disposed on the other side of the conveyance table 48,

[0115] A second manipulator 56 that links the continuous roller hearth heating furnace
44, the conveyance table 48, the press 52, the press 54, and the multi-tiered heating
furnace 50 together is provided in the vicinity of a corner on the conveyance table 48 side

of the press 54. The discharge port 44D of the continuous roller hearth heating
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furnace 44, the conveyance table 48, the press 52, the press 54, and the multi-tiered
heating furnace 50 are disposed within the conveyance range of the material Z by the
second manipulator 56.

[0116] The presses 52, 54, the continuous roller hearth heating furnace 44, and the
multi-tiered heating furnace 50 are disposed bordering the conveyance table 48. The
press 52 and the press 54 oppose each other. The continuous roller hearth heating
furnace 44 and the multi-tiered heating furnace 50 also oppose each other. This enables
the material Z to be moved between the continuous roller hearth heating furnace 44 and
the press 52, and between the multi-tiered heating furnace 50 and the press 54, using the
second manipulator 56.

[0117] A third manipulator 58 is provided in the vicinity of a corner on the opposite side
of the press 54 to the conveyance table 48. The third manipulator 58 discharges the
material Z that has been pressed by the press 54.

[0118] Note that the conveyance table 48, the presses 52, 54, and the manipulators 46,
56, 58 are similar in structure to their equivalents in the first exemplary embodiment.
[0119] Explanation follows regarding operation of the present exemplary embodiment
configured as described above. Namely, the manipulators 46, 56, 58, the presses 52, 54,
the heating furnaces 44, 50, and so on are operated according to commands from a
controller 60, similarly to in the first exemplary embodiment. Explanation regarding the
commands from the controller 60 will be omitted.

[0120] The first manipulator 46 holds the material Z (blank) that has been placed on the
material table 42 with the suction holding mechanism, and conveys the material Z (blank)
to the insertion port 44A of the continuous roller hearth heating furnace 44 at a fixed time
interval.

[0121] The material Z (blank) is heated while being moved through the inside of the
continuous roller hearth heating furnace 44 by driving the rollers, and is discharged
through the discharge port 44D to the conveyance table 48 after a predetermined duration
(for example 4 minutes) has elapsed from the material Z (blank) reaching a predetermined
temperature (for example 1000°C).

[0122] The material Z (heated blank) that has been discharged onto the conveyance
table 48 is held and lifted up by the hooking holding mechanism of the second

manipulator 56 and set on a lower die 52D of the press 52.
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[0123] The press 52 lowers its upper die to press form the material Z (heated blank)
clamped between the upper die and the lower die 52D. When this is performed, the heat
of the material Z (heated blank) is rapidly removed by the upper die and the lower die
52D. The heat removal amount is particularly large when the dies reach bottom dead
center and the material Z is held clamped between the upper die and the lower die 52D.
This corresponds to a first hot pressing.

[0124] The time taken from discharging the material Z (heated blank) from the
continuous roller hearth heating furnace 44 to holding the material Z (heated blank)
clamped between the upper die and the lower die 52D is managed. The time is, for
example, approximately 8 seconds.

[0125] Note that in the present exemplary embodiment, the material Z (heated blank)
discharged onto the conveyance table 48 is set in the press 52 by the second manipulator
56; however, there is no limitation thereto. A linear conveyance mechanism (not
illustrated in the drawings) may be provided between the conveyance table 48 and the
press 52 such that the material Z (heated blank) discharged onto the conveyance table 48
from the continuous roller hearth heating furnace 44 is set in the press 52 at high speed
using the linear conveyance mechanism, thereby achieving an increase in speed and a
reduction in the time taken.

[0126] The material Z (heated blank) is pressed so as to be held and cooled continuously
for a predetermined pressing duration (for example 10 seconds) by the press 52, after
which the upper die is raised and the press 52 is opened. A lifting mechanism (not
illustrated in the drawings) of the press 52 lifts up and releases the pressed material Z
(intermediate product) from the lower die 52D.

[0127] When this is performed, the second manipulator 56 lifts up and conveys the
pressed material Z (intermediate product) from the lower die 52D to the conveyance table
48 using the hooking holding mechanism. The material Z (intermediate product) that
has been conveyed to the conveyance table 48 is loaded into a selected heating chamber
50A of the multi-tiered heating furnace S0 by driving rollers of the conveyance table 48.
When this is performed, when loading the material Z (intermediate product) into a heating
chamber 50A for which the conveyance table 48 is unable to perform the loading
operation, the loading operation is performed by the second manipulator 56.

[0128] In the heating chamber 50A, the loaded material Z (intermediate product) is

reheated, and after reaching a reheat temperature (for example 900°C), the material Z
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(intermediate product) is held at the reheat temperature for a predetermined duration (for
example 2 minutes). The material Z (heated intermediate product) is then discharged
onto the conveyance table 48 by driving the rollers described above. When this is
performed, in cases in which the material Z (heated intermediate product) cannot be
discharged onto the conveyance table 48 directly, the discharge operation is performed by
the second manipulator 56. Note that the time taken for the material Z (heated
intermediate product) to enter or leave the multi-tiered heating furnace 50 is set to within
approximately 2 seconds for a material with a length of 1.5 m in the insertion direction
(i.e. a conveyance speed of at least 750 mm/s).

[0129] The material Z (heated intermediate product) discharged onto the conveyance
table 48 is held by the second manipulator 56 using the hooking holding mechanism.
When this is performed, the controller 60 computes a position to hook the material Z
(heated intermediate product) with the hooking holding mechanism in consideration of
the amount of thermal expansion of the material Z (heated intermediate product), and
outputs a control signal to the second manipulator 56. The second manipulator 56 sets
the lifted material Z (heated intermediate product) on a lower die 54D of the press 54.
[0130] The press 54 lowers its upper die to press form the material Z (heated
intermediate product) clamped between the upper die and the lower die 54D. When this
is performed, the heat of the material Z (heated intermediate product) is rapidly removed
by the upper die and the lower die 54D. The heat removal amount is particularly large
when the dies reach bottom dead center and the material Z is held clamped between the
upper die and the lower die 54D. This corresponds to a second hot pressing.

[0131] The time taken from discharging the material Z (heated intermediate product)
from the multi-tiered heating furnace 50 to holding the material Z (heated intermediate
product) clamped between the upper die and the lower die 54D is managed. The time is,
for example, approximately 6 seconds.

[0132] Note that in the present exemplary embodiment, the material Z (heated
intermediate product) discharged onto the conveyance table 48 is set in the press 54 by
the second manipulator 56; however, there is no limitation thereto. A linear conveyance
mechanism (not illustrated in the drawings) may be provided between the conveyance
table 48 and the press 54 such that the material Z (heated intermediate product)

discharged onto the conveyance table 48 from the multi-tiered heating furnace 50 is set in

22



CA 03035505 2015-02-28

the press 54 at high speed using the linear conveyance mechanism, thereby achieving an
increase in speed and a reduction in the time taken.
[0133] The material Z (heated intermediate product) is pressed so as to be held and
cooled continuously for a predetermined pressing duration (for example 15 seconds) by
the press 54, after which the upper die is raised and the press 54 is opened. A lifting
mechanism (not illustrated in the drawings) of the press 54 lifts up and releases the
pressed material Z (formed product) from the lower die 54D.  The third manipulator 58
then lifts up and conveys the material Z (formed product) from the lower die 54D to be
passed to a subsequent process.
[0134] In this manner, the hot press device 40 of the present exemplary embodiment is
capable of exhibiting similar operation and advantageous effects to those of the first
exemplary embodiment and the third exemplary embodiment.
[0135] Note that in the present exemplary embodiment, the first heating duration by the
continuous roller hearth heating furnace 44 is twice the length of the second heating
duration by the multi-tiered heating furnace 50. Accordingly, the processing amounts
thereof may be synchronized by setting approximately twice as many sheets in the
continuous roller hearth heating furnace 44 as in the multi-tiered heating furnace 50.
[0136] This configuration also enables efficient processing when using a heating pattern
in which during the first heating the material Z is held for a predetermined duration after
reaching a predetermined temperature, and during the second heating the material Z is
discharged without being held for a predetermined duration after reaching a
predetermined temperature. This configuration is thus well-suited to such a production
method.
[0137] When forming a formed product using a conventional hot press, it is possible to
produce two different components separately at the same time. Moreover, although
doing so would require time for a second round of heat treatment, processing that
includes tempering can also be accommodated.
[0138] Fifth Exemplary Embodiment

Explanation follows regarding a fifth exemplary embodiment of the present
disclosure, with reference to the drawings.
[0139] Fig. 9 is a diagram illustrating a hot press device 64 according to the present
exemplary embodiment. A first manipulator 66 serving as an example of a conveyance

device is provided on a conveyance direction upstream side of the material Z for
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processing, and a continuous roller hearth heating furnace 68 configuring part of the
conveyance device and serving as an example of a heating furnace is provided alongside
the first manipulator 66.

[0140] A press 70 is provided on a downstream side of the continuous roller hearth
heating furnace 68. An insertion port 70A of the press 70 is disposed facing a discharge
port 68B of the continuous roller hearth heating furnace 68. A second manipulator 72
serving as an example of a conveyance device linking the continuous roller hearth heating
furnace 68 and the press 70 together is provided alongside the continuous roller hearth
heating furnace 68 and between the continuous roller hearth heating furnace 68 and the
press 70. The discharge port 68B of the continuous roller hearth heating furnace 68 and
the insertion port 70A of the press 70 are provided within a conveyance range of the
material Z by the second manipulator 72.

[0141] The continuous roller hearth heating furnace 68 is configured similarly to that of
the fourth exemplary embodiment, and conveys the material Z inserted through an
insertion port 68 A toward the discharge port 68B while progressively heating the material
Z. Anin-furnace conveyance section 68H of the continuous roller hearth heating
furnace 68 that conveys the material Z from the insertion port 68A to the discharge port
68B is configured by a roller mechanism, and configures part of a conveyance path,
[0142] Aroller hearth heating furnace 74 serving as an example of a heating furnace and
configuring part of a conveyance device is provided on a downstream side of the press 70,
and a removal port 70B of the press 70 and an insertion port 74A of the roller hearth
heating furnace 74 are disposed so as to oppose each other.

[0143] Similarly to the continuous roller hearth heating furnace 68, the roller hearth
heating furnace 74 also conveys the material Z inserted through the insertion port 74A
toward a discharge port 74B while heating the material Z. An in-furnace conveyance
section 74H of the roller hearth heating furnace 74 that conveys the material Z from the
insertion port 74A to the discharge port 74B is configured by a roller mechanism, and
configures part of a conveyance path.

[0144] A third manipulator 76 serving as an example of a conveyance device linking the
press 70 and the roller hearth heating furnace 74 together is provided alongside the roller
hearth heating furnace 74. The removal port 70B of the press 70 and the insertion port
74A of the roller hearth heating furnace 74 are provided within a conveyance range of the

material Z by the third manipulator 76.
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[0145] A conveyance table 78 is provided on a downstream side of the roller hearth
heating furnace 74. The material Z discharged through a discharge port 74B of the roller
hearth heating furnace 74 is capable of being placed on the conveyance table 78.

[0146] A muiti-tiered heating furnace 82 is provided on a downstream side of the
conveyance table 78. The structure of the multi-tiered heating furnace 82 is similar to
that of the fourth exemplary embodiment.

[0147] A press 84 is provided on one side of the conveyance table 78.  An entry/exit
port 84A for the material Z to and from the press 84 is provided on the conveyance table
78 side of the press 84. A press 86 is provided on the other side of the conveyance table
78. An entry/exit port 86A for the material Z to and from the press 86 is provided on the
conveyance table 78 side of the press 86.

[0148] A fourth manipulator 88 linking the roller hearth heating furnace 74, the
conveyance table 78, the press 84, the press 86, and the multi-tiered heating furnace 82
together is provided in the vicinity of a corner on the conveyance table 78 side of the
press 84.  The discharge port 74B of the roller hearth heating furnace 74, the conveyance
table 78, the press 84, the press 86, and the multi-tiered heating furnace 82 are disposed
within a conveyance range of the material Z by the fourth manipulator 88.

[0149] The presses 84, 86 and the heating furnaces 74, 82 are disposed bordering the
conveyance table 78.  The press 84 and the press 86 oppose each other, and the roller
hearth heating furnace 74 and the multi-tiered heating furnace 82 oppose each other.

The material Z can accordingly be moved between the roller hearth heating furnace 74
and the press 84, and between the multi-tiered heating furnace 82 and the press 86, by the
fourth manipulator 88.

[0150] A fifth manipulator 90 is provided in the vicinity of a corner on the press 86,
enabling the material Z that has been pressed by the press 86 to be removed.

[0151] Note that the conveyance table 78, the presses 70, 84, 86, and the manipulators
66, 72, 76, 88, 90 have similar structures to their equivalents in the first exemplary
embodiment.

[0152] Explanation follows regarding operation of the present exemplary embodiment
configured as described above. Note that the manipulators 66, 72, 76, 88, 90, the
presses 70, 84, 86, the heating furnaces 68, 74, 82, and the like are operated in response to
commands from a controller 92, similarly to in the first exemplary embodiment.

Explanation regarding the commands from the controller 92 will be omitted.
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[0153] The first manipulator 66 holds the material Z (blank) that has for example been
placed on a material table with the suction holding mechanism, and conveys the material
Z (blank) through the insertion port 68A of the continuous roller hearth heating furnace
68 at a fixed time interval.

[0154] The material Z (blank) is heated while being moved through the inside of the
continuous roller hearth heating furnace 68 by driving the rollers. The material Z
(blank) is then conveyed through the discharge port 68B to the press 70 and set on a
lower die 70D by the second manipulator 72 after a predetermined duration (for example
4 minutes) has elapsed from the material Z (blank) reaching a predetermined temperature
(for example 1000°C).

[0155] The press 70 lowers its upper die to press form the material Z (heated blank)
clamped between the upper die and the lower die 70D. When this is performed, the heat
of the material Z (heated blank) is rapidly removed by the upper die and the lower die
70D. The heat removal amount is particularly large when the dies reach bottom dead
center and the material Z is held clamped between the upper die and the lower die 70D.
This corresponds to a first hot pressing.

[0156] The time taken from discharging the material Z (heated blank) from the
continuous roller hearth heating furnace 68 to holding the material Z (heated blank)
clamped between the upper die and the lower die 70D is managed. The time is, for
example, approximately 8 seconds.

[0157] The material Z (heated blank) is pressed so as to be held and cooled continuously
for a predetermined pressing duration (for example 10 seconds) by the press 70, after
which the upper die is raised and the press 70 is opened. A lifting mechanism (not
illustrated in the drawings) of the press 70 lifts up and releases the pressed material Z
(primary intermediate product) from the lower die 70D. The third manipulator 76 then
lifts up and conveys the pressed material Z (primary intermediate product) from the lower
die 70D to the insertion port 74A of the roller hearth heating furnace 74 using the hooking
holding mechanism.

[0158] The material Z (primary intermediate product) is moved through the inside of the
roller hearth heating furnace 74 for 2 minutes by driving the rollers until it reaches a
predetermined temperature (for example 900°C), before being discharged through the
discharge port 74B to the conveyance table 78.
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[0159] The material Z (heated primary intermediate product) discharged onto the
conveyance table 78 is held and lifted up by the fourth manipulator 88 using the hooking
holding mechanism, and is set on a lower die 84D of the press 84.

[0160] The press 84 lowers its upper die to press form the material Z (heated primary
intermediate product) clamped between the upper die and the lower die 84D. When this
is performed, the heat of the material Z (heated primary intermediate product) is rapidly
removed by the upper die and the lower die 84D. The heat removal amount is
particularly large when the dies reach bottom dead center and the material Z is held
clamped between the upper die and the lower die 84D. This corresponds to a second hot
pressing.

[0161] The time taken from discharging the material Z (heated primary intermediate
product) from the roller hearth heating furnace 74 to holding the material Z (heated
primary intermediate product) clamped between the upper die and the lower die 84D is
managed. The time is, for example, approximately 8 seconds.

[0162] Note that in the present exemplary embodiment, the material Z (heated primary
intermediate product) discharged onto the conveyance table 78 is set in the press 84 by
the fourth manipulator 88; however, there is no limitation thereto. A linear conveyance
mechanism (not illustrated in the drawings) may be provided between the conveyance
table 78 and the press 84 such that the material Z (heated primary intermediate product)
discharged onto the conveyance table 78 from the roller hearth heating furnace 74 is set in
the press 84 at high speed using the linear conveyance mechanism, thereby achieving an
increase in speed and a reduction in the time taken.

[0163] The material Z (heated primary intermediate product) is pressed so as to be held
and cooled continuously for a predetermined pressing duration (for example 10 seconds)
by the press 84, after which the upper die is raised. The fourth manipulator 88 lifts up
and releases the pressed material Z (secondary intermediate product) from the lower die
84D using the hooking holding mechanism, and conveys the pressed material Z
(secondary intermediate product) to the conveyance table 78.

[0164] The material Z (secondary intermediate product) conveyed to the conveyance
table 78 is loaded in a selected heating chamber of the multi-tiered heating furnace 82 by
driving rollers of the conveyance table 78. When this is performed, when loading the

material Z (secondary intermediate product) in a heating chamber for which the



CA 03035505 2015-02-28

conveyance table 78 is unable to perform the loading operation, the loading operation is
performed by the fourth manipulator 88.

[0165] In the heating chamber, the loaded material Z (secondary intermediate product)
is reheated, and after reaching a reheat temperature (for example 400°C), the material Z
(secondary intermediate product) is heated at the reheat temperature for a predetermined
duration (for example 60 minutes). The material Z (heated secondary intermediate
product) is then discharged onto the conveyance table 78 by driving the rollers described
above. When this is performed, in cases in which the material Z (heated secondary
intermediate product) cannot be discharged onto the conveyance table 78 directly, the
discharge operation is performed by the fourth manipulator 88. Note that the time taken
for the material Z (heated secondary intermediate product) to enter or leave the multi-
tiered heating furnace 82 is set to within approximately 2 seconds for a material with a
length of 1.5 m in the insertion direction (i.c. a conveyance speed of at least 750 mm/s).
[0166] The material Z (heated secondary intermediate product) discharged onto the
conveyance table 78 is held by the fourth manipulator 88 using the hooking holding
mechanism. When this is performed, the controller 92 computes a position to hook the
material Z (heated secondary intermediate product) with the hooking holding mechanism
in consideration of the amount of thermal expansion of the material Z (heated secondary
intermediate product, and outputs a control signal to the fourth manipulator 88. The
fourth manipulator 88 sets the lifted material Z (heated secondary intermediate product)
on a lower die 86D of the press 86.

[0167] The press 86 lowers its upper die to press form the material Z (heated secondary
intermediate product) clamped between the upper die and the lower die 86D, When this
is performed, the heat of the material Z (heated secondary intermediate product) is rapidly
removed by the upper die and the lower die 86D. The heat removal amount is
particularly large when the dies reach bottom dead center and the material Z is held
clamped between the upper dic and the lower die 86D. This corresponds to a third hot
pressing.

[0168] The time taken from discharging the material Z (heated secondary intermediate
product) from the multi-tiered heating furnace 82 to holding the material Z (heated
secondary intermediate product) clamped between the upper die and the lower die 86D is

managed. The time is, for example, approximately 6 seconds.
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[0169] In the present exemplary embodiment, the material Z (heated secondary
intermediate product) discharged onto the conveyance table 78 is set in the press 86 by
the fourth manipulator 88; however, there is no limitation thereto. A linear conveyance
mechanism (not illustrated in the drawings) may be provided between the conveyance
table 78 and the press 86 such that the material Z (heated secondary intermediate product)
discharged onto the conveyance table 78 from the multi-tiered heating furnace 82 is set in
the press 86 at high speed using the linear conveyance mechanism, thereby achieving an
increase in speed and a reduction in the time taken.

[0170] When cooling during the third hot pressing, martensite transformation does not
occur. The protruding die (punch) and the recessed die (die) corresponding to the
protruding die that configure the dies of the press 86 are thus greater in size than the
finished product in consideration of the contraction of the material Z (heated secondary
intermediate product) during cooling.

[0171] The material Z (heated secondary intermediate product) is pressed so as to be
held and cooled continuously for a predetermined pressing duration (for example 15
seconds) by the press 86, after which the upper die is raised and the press 86 is opened.
A lifting mechanism (not illustrated in the drawings) of the press 86 lifts up and releases
the pressed material Z (formed product) from the lower die 86D. The fifth manipulator
90 then lifts up and conveys the material Z (formed product) from the lower die 86D to be
passed to a subsequent process.

[0172] In this manner, the hot press device 64 of the present exemplary embodiment is
capable of exhibiting similar operation and advantageous effects to those of the first
exemplary embodiment and the third exemplary embodiment.

[0173] Moreover, the configuration of the present exemplary embodiment is well-suited
to extending a conventional hot press apparatus line so as to include multiple heat
treatment and hot pressing processes.

[0174] Application may be made to a conventional hot press apparatus line combining
normal hot pressing and plural rounds of cold pressing. A third round of heat treatment
in which a second round of quenching and tempering are combined is also possible. In
such cases, the configuration has excellent potential for extension since it is possible to
provide additional tiers in multi-tiered heating furnaces for tempering, which requires a

longer processing time.
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[0175] Sixth Exemplary Embodiment

Explanation follows regarding a sixth exemplary embodiment of the present
disclosure, with reference to the drawings.
[0176] Fig. 10 is a diagram illustrating a hot press device 96 according to the present
exemplary embodiment. A heating furnace 98 is provided on a conveyance direction
upstream side of the material Z being processed and a press 100 is provided on a
downstream side of the heating furnace 98. A first manipulator 102, serving as an
example of a conveyance device linking the heating furnace 98 and the press 100
together, is provided alongside the heating furnace 98. The heating furnace 98 and the
press 100 are disposed within a conveyance range of the material Z by the first
manipulator 102.
[0177] A roller hearth heating furnace 104, serving as an example of a heating furnace,
is provided on a downstream side of the press 100, and a press 106 is provided on a
downstream side of the roller hearth heating furnace 104. A removal port 100B of the
press 100 opposes an insertion port 104A of the roller hearth heating furnace 104, and a
discharge port 104B of the roller hearth heating furnace 104 opposes an insertion port
106A of the press 106.
[0178] The roller hearth heating furnace 104 is configured similarly to its equivalent in
the fourth exemplary embodiment. The material Z that has been inserted through the
insertion port 104A is conveyed to the discharge port 104B while being heated. An in-
furnace conveyance section 104H of the roller hearth heating furnace 104 that conveys
the material Z from the insertion port 104A to the discharge port 104B is configured by a
roller mechanism, and configures part of a conveyance path.
[0179] A second manipulator 108, serving as an example of a conveyance device linking
the press 100 and the roller hearth heating furnace 104 together, is provided alongside the
press 100, between the press 100 and the roller hearth heating furnace 104. The removal
port 100B of the press 100 and the insertion port 104A of the roller hearth heating furnace
104 are provided within a conveyance range of the material Z by the second manipulator
108.
(0180] A third manipulator 110, serving as an example of a conveyance device linking
the roller hearth heating furnace 104 and the press 106 together, is provided between the
roller hearth heating furnace 104 and the press 106 alongside the roller hearth heating
furnace 104. The discharge port 104B of the roller hearth heating furnace 104 and the
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insertion port 106A of the press 106 are provided within a conveyance range of the
material Z by the third manipulator 110.

[0181] The presses 100, 106 and the manipulators 102, 108, 110 are similar in structure
to their equivalents in the first exemplary embodiment.

[0182] Explanation follows regarding operation of the present exemplary embodiment
configured as described above. The manipulators 102, 108, 110, the presses 100, 106,
the heating furnaces 98, 104, and the like are operated according to commands from a
controller 112, similarly to in the first exemplary embodiment. Explanation regarding
the commands from the controller 112 will be omitted.

[0183] The material Z (heated blank) is heated by the heating furnace 98 for a
predetermined duration (for example 4 minutes) after reaching a predetermined
temperature (for example 1000°C), and is then removed and set on a lower die 100D of
the press 100 by the first manipulator 102.

[0184] The press 100 lowers its upper die to press form the material Z (heated blank)
clamped between the upper die and the lower die 100D. When this is performed, the
heat of the material Z (heated blank) is rapidly removed by the upper die and the lower
die 100D. The heat removal amount is particularly large when the dies reach bottom
dead center and the material Z is held clamped between the upper die and the lower die
100D. This corresponds to a first hot pressing.

[0185] The time taken from discharging the material Z (heated blank) from the heating
furnace 98 to holding the material Z (heated blank) clamped between the upper die and
the lower die 100D is managed. The time is, for example, approximately 8 seconds.
[0186] The material Z (heated blank) is pressed so as to be held and cooled continuously
for a predetermined pressing duration (for example 10 seconds) by the press 100, after
which the upper die is raised.

[0187] The second manipulator 108 lifts up and conveys the pressed material Z
(intermediate product) from the lower die 100D to the insertion port 104A of the roller
hearth heating furnace 104 using the hooking holding mechanism.

[0188] The material Z (intermediate product) is heated while being moved through the
inside of the roller hearth heating furnace 104 for 2 minutes by driving the rollers, and is
discharged through the discharge port 104B after reaching a predetermined temperature
(for example 900°C).
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[0189] The third manipulator 110 uses the hooking holding mechanism to hold and lift
up the material Z (heated intermediate product) discharged through the discharge port
104B of the roller hearth heating furnace 104, and set the material Z (heated intermediate
product) on a lower die 106D of the press 106 through the insertion port 106A.

[0190] The press 106 lowers its upper die to press form the material Z (heated
intermediate product) clamped between the upper die and the lower die 106D. When
this is performed, the heat of the material Z (heated intermediate product) is rapidly
removed by the upper die and the lower die 106D. The heat removal amount is
particularly large when the dies reach bottom dead center and the material Z is held
clamped between the upper die and the lower die 106D. This corresponds to a second
hot pressing.

[0191] The time taken from discharging the material Z (heated intermediate product)
from the roller hearth heating furnace 104 to holding the material Z (heated intermediate
product) clamped between the upper die and the lower die 106D is managed. The time
is, for example, approximately 8 seconds.

[0192] The material Z (heated intermediate product) is pressed so as to be held and
cooled continuously for a predetermined pressing duration (for example 15 seconds) by
the press 106, after which the upper die is raised and the press 106 is opened. A lifting
mechanism (not illustrated in the drawings) of the press 106 lifts up and releases the
pressed material Z (formed product) from the lower die 106D. The third manipulator
110 then lifts up and conveys the material Z (formed product) from the lower die 106D to
be passed to a subsequent process.

[0193] In this manner, the hot press device 96 of the present exemplary embodiment is
capable of exhibiting similar operation and advantageous effects to those of the
exemplary embodiments described above.

[0194] Moreover, in the present exemplary embodiment, employing the roller hearth
heating furnace 104 as a heating furnace enables part of the conveyance device to be
configured by the roller hearth heating furnace 104.

[0195] The removal port 100B of the press 100 and the insertion port 104A of the roller
hearth heating furnace 104 are disposed so as to oppose each other, and the discharge port
104B of the roller hearth heating furnace 104 and the insertion port 106A of the press 106
are disposed so as to oppose each other. This enables a drop in the temperature of the

material Z during conveyance to be suppressed.
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[0196] The reference numerals are explained below.

10 hot press device
12 press

14 press

16 first manipulator
18 heating furnace

18B discharged state
18C stored state

20 conveyance table

24 controller

30 hot press device

32 conveyance mechanism

36 hot press device

38 second heating furnace

40 hot press device

44 continuous roller hearth heating furnace
46 first manipulator

50 multi-tiered heating furnace
52 press

54 press

56 second manipulator

60 controller

64 hot press device

68 continuous roller hearth heating furnace
70 press

72 second manipulator

74 roller hearth heating furnace
76 third manipulator

78 conveyance table

82 multi-tiered heating furnace
84 press

86 press

88 fourth manipulator
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92 controller

96 hot press device
98 heating furnace
100 press

100B  removal port

102 first manipulator
104 roller hearth heating furnace
104A  insertion port

104B  discharge port

106 press

106A  insertion port

108 second manipulator
110 third manipulator
112 controller
Supplement

The following aspects may be generalized from the present specification.

Namely, a hot press device of a first aspect, comprising:

a first press;

a second press;

a conveyance device linking the first press and the second press together; and

a heating furnace provided within a conveyance range of the conveyance device.

A hot press device according to a second aspect is the first aspect, wherein the
conveyance device has a function of conveyance to the heating furnace from the first
press or from the second press.

A hot press device according to a third aspect is the first aspect or the second
aspect, further including a conveyance mechanism configured to move a material between
a first placement position within the heating furnace and a second placement position
within the conveyance range.

A hot press device according to a fourth aspect is the third aspect, wherein the
conveyance mechanism is configured to convey back and forth between the first

placement position and the second placement position.
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A hot press device according to a fifth aspect is the third aspect or the fourth
aspect, wherein the second placement position faces at least one of an insertion port of the
first press or an insertion port of the second press.

A hot press device according to a sixth aspect is any one of the third aspect to the
fifth aspect, further comprising a controller that controls the conveyance device such that
pressed material is removed from the first press and the pressed material is conveyed to
the second placement position.

A hot press device according to a seventh aspect is any one of the first aspect to
the sixth aspect, wherein the conveyance device includes an in-furnace conveyance
section configured to convey material from an insertion port of the heating furnace to a
discharge port of the heating furnace.

A hot press device according to an eighth aspect is the seventh aspect, wherein a
removal port of the first press opposes the insertion port of the heating furnace, and the
discharge port of the heating furnace opposes an insertion port of the second press.

A hot press device according to a ninth aspect is any one of the first aspect to the
seventh aspect, further including another heating furnace provided within the conveyance

range of the conveyance device.
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CLAIMS

1. A hot press device, comprising:

a heating furnace;

a first press provided with a die including a coolant flow path;

a second press provided with another die including a coolant flow path; and

a conveyance device linking the first press and the second press together, and
including a function of conveyance to the heating furnace from the first press or from the

second press.

2. The hot press device of claim 1, further comprising a conveyance mechanism
configured to move a material between a first placement position within the heating
furnace and a second placement position within a conveyance range of the conveyance

device.

3. The hot press device of claim 2, wherein the conveyance mechanism is
configured to convey the material back and forth between the first placement position and

the second placement position.

4, The hot press device of claim 2 or claim 3, wherein the second placement
position faces at least one of an insertion port of the first press or an insertion port of the

second press.

S. The hot press device of any one of claims 2 to 4, further comprising a controller
that controls the conveyance device such that pressed material is removed from the first

press and the pressed material is conveyed to the second placement position.

6. The hot press device of any one of claims 1 to 5, wherein the conveyance device
includes an in-furnace conveyance section configured to convey material from an

insertion port of the heating furnace to a discharge port of the heating furnace.

7. The hot press device of claim 6, wherein a removal port of the first press is
located opposite to the insertion port of the heating furnace, and the discharge port of the

heating furnace is located opposite to an insertion port of the second press.
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8. The hot press device of any one of claims 1 to 6, further comprising another

heating furnace provided within the conveyance range of the conveyance device.

9. The hot press device of claim 1, further comprising another heating furnace

provided within a conveyance range of the conveyance device.
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