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(54) HOT PRESS PROCESSING DEVICE AND HOT PRESS PROCESSING METHOD

(57) The purpose is to eliminate burrs-occurring on
a press-formed work even with a configuration in which
a trimming process is to be performed on a high-temper-
ature blank sheet material, thereby eliminating deburring
process that is to be performed after the forming, reduc-
ing the processing man-hours and consequently achiev-
ing product cost reduction. During the press forming proc-
ess of forming a blank sheet material 3 while clamping a
die 1 on a punch 2, a trim portion 3a is clamped between
a trim holding step 6 and a cut holder 8 in such a state
that elastic force of a spring mechanism 9 is being applied
on the trim portion 3a. As a press forming operation by
the die 1 goes on, the trimming blade 7 is relatively moved
along an outer margin 5b of a punch-side forming surface
portion 5 while the cut holder 8 opposes elastic force of
the spring mechanism 9 by receiving pressing force of
the trim holding step 6 so that the trimming blade 7 shears
and cuts off the trim portion 3a between the trimming
blade 7 and the tip end corner 5c on the outer margin 5b
of the punch-side forming surface portion 5.
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Description

[0001] The contents of the following Japanese patent
application(s) are incorporated herein by reference:

NO. 2016-214708 filed on November 1, 2016, and
NO. PCT/JP2017/004827 filed on February 9, 2017.

BACKGROUND

1. TECHNICAL FIELD

[0002] The present invention relates to a hot press
forming apparatus that heats a blank sheet material
made of a steel material to an austenizing temperature
and forms and quenches the heated blank sheet material
by using a low-temperature die to form the blank sheet
material, and a hot press forming method using the hot
press forming apparatus.

2. RELATED ART

[0003] In a hot press process, a to-be-formed blank
sheet material is heated to an austenizing temperature
(austenite temperature) from 750 °C to 1000 °C for
quenching, and is supplied in the heated state into a die
to form. Then, the heated blank sheet material is rapidly
cooled and quenched by the low-temperature die at the
end of clamping of the die, is transformed into a marten-
site structure and hardened. For that reason, according
to the hot press process, an independent quenching
process is not necessary and a press-formed work with
high strength can be manufactured by low cost. There-
fore, the hot press process is suitable for a vehicle body
component manufactured by press forming, such as door
impact beam or a center pillar of an automobile, and is
widely applied for this reason.
[0004] Further, in the hot press process, performing a
piercing process on a press formed work or a trimming
process on a trim portion that is a margin of the press
formed work is required if such a vehicle body component
or the like is to be manufactured. Hardness of the material
greatly increases by quenching. Therefore, there is a
concern that if the piercing process or trimming process
is applied after quenching the formed work, high residual
stress is generated on a sheared section caused by the
piercing process or trimming process performed on the
formed work, and delayed fracture occurs in the press-
formed work after the forming.
[0005] Here, the problem of the delayed fracture in the
press-formed work after the forming can be solved by
performing laser piercing process or laser trimming proc-
ess on the formed work after the quenching.
[0006] However, the investment for dedicated laser
equipment is necessary for the laser piercing process or
laser trimming process that is performed on the formed
work after the quenching. In addition, laser machining
time is added on its cost. Therefore, this may also make

the press-formed work expensive.

SUMMARY

[0007] So, a plural devised hot press forming process-
ing technologies by completing the piercing and trimming
the blank sheet material in a heated state, that is, an
unhardened state have been proposed conventionally to
solve the delayed fracture by the laser machining and
the cost-up by investment for dedicated equipment (for
example, Patent Document 1 and Patent Document 2).
[0008] As a hot press forming apparatus that realizes
the hot press forming processing technologies, a hot
press forming apparatus that forms the material into a
shape of the press-formed work having a hat cross sec-
tion, for example, is exemplified. As shown in Fig. 5 to
Fig. 8, this hot press forming apparatus is configured to
have a die including a die a as a mobile type and a punch
b as a stationary type. The die a has a recessed fitting
portion d that is formed on a center of a die-side forming
surface portion c. Also, the punch b has a raised portion
f that is formed corresponding to the recessed fitting por-
tion d on a center of a punch-side forming surface portion
e. An outer edge portion h of the punch-side forming sur-
face portion e cooperates with a trimming blade g that is
formed on an outer edge portion of the die-side forming
surface portion c to configure the trimming tool i.
[0009] According to a conventional hot press forming
apparatus configured in this manner, first, as shown in
Fig. 5, a blank sheet material j that is heated to an austen-
izing temperature is supplied between the die-side form-
ing surface portion c and the punch-side forming surface
portion e.
[0010] Next, the die a is moved toward the punch b,
the recessed fitting portion d of the die-side forming sur-
face portion c is fit in a raised portion f of the punch-side
forming surface portion e to form the blank sheet material
j.
[0011] To advance the process of forming the blank
sheet material j, as the die a is further moved toward the
punch b and clamping is performed, as shown in Fig. 6,
a protruding portion k is gradually formed in a predeter-
mined shape on the blank sheet material j, and the trim-
ming blade g of the die-side forming surface portion c
abuts on the blank sheet material j.
[0012] From the state that the trimming blade g of the
die-side forming surface portion c abuts on the blank
sheet material j in this manner, the die a is further moved
toward the punch b side. Accordingly, as shown in Fig.
7, the forming of the protruding portion k on the blank
sheet material j further goes on. In addition, after the
blank sheet material j abuts on the outer edge portion h
of the punch-side forming surface portion e, a trim portion
m as a margin on a margin of the blank sheet material j
is bent by a cooperation of the outer edge portion h and
the trimming blade g, and accordingly, the trimming proc-
ess starts.
[0013] Then, during a process in which the movement
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of the die a to the punch b further goes on, the trim portion
m is torn off (fractured) from the blank sheet material j
by the cooperation of the trimming blade g and the outer
edge portion h, and the trimming process ends (the state
shown in Fig. 8).
[0014] After that, in such a state that the blank sheet
material j is finally clamped between the die a and the
punch b, the blank sheet material j is rapidly cooled by a
cooling system not shown in the drawings, and under-
goes the quench-hardening process. Accordingly, the
blank sheet material j is formed so as to have a hat cross
section having a protruding portion that has a predeter-
mined shape, and a press-formed work is completed.
[0015] Therefore, the conventional hot press forming
processing technology is still a technology of heating a
blank sheet material to an austenizing temperature, form-
ing the heated steel material by a die including the low-
temperature die a and punch b, and quenching the steel
material. In the conventional hot press forming process-
ing technology, the trimming process by the trimming tool
i is performed in such a state that the blank sheet material
is unhardened yet during the press forming by the die.
[0016] As a result, because the trimming process per-
formed during the hot press forming is performed on a
blank sheet material that has not undergone the quench-
hardening process in the still high-temperature state, the
residual stress generated on the trimming portion to be
cut off can be low, thereby making an effect of eliminating
the occurrence of the delayed fracture.

[Patent Document 1] Japanese Patent Application
Publication No. 2005-248253
[Patent Document 2] Japanese Patent Application
Publication No. 2011-92946

[0017] However, in any of these conventional hot press
processing technologies, when the trimming process is
to be performed, the trimming process is performed on
the trim portion m that remains in such a state that the
trim portion m is not supported or held by the punch b,
that is, remains in a so-called aerial cutting state.
[0018] The trimming process of cutting off the trim por-
tion m by the aerial cutting is performed on the trim portion
m that remains in the not-held state. As a result, during
the process of cutting off the trim portion m by tearing off
the trim portion m while the trimming tool I is bending the
trim portion m, "burrs" are formed on a cut surface present
on a component of the press-formed work of the blank
sheet material j.
[0019] Because the pressed product in which the
"burrs" are formed in this manner cannot be supplied for
actual use, an operator needs to perform a deburring
process as a subsequent process that is performed after
the press forming and that is not included in the press
forming process, to remove the burrs.
[0020] As a result, for the completed press-formed
work, the working man hour increases caused by the
addition of the manual process, which has been a reason

causing high cost. Because the burrs are also quenched
and hardened together with the press-formed work, the
deburring process is even more difficult. This also in-
creases the cost of the press-formed products.
[0021] Here, the present invention provides a hot press
forming apparatus and a hot press forming method that
can eliminate the burrs-occurring on the press-formed
work by the trimming process during the hot press form-
ing process even with a configuration in which the trim-
ming process is performed on a high-temperature blank
sheet material, which eliminates the hand-work process
for deburring performed after forming and enables the
reduction of the processing man-hours and consequent-
ly, cost-down of the products.
[0022] The hot press forming apparatus according to
one aspect of the present invention may have a press
forming apparatus configured to form a pre-heated blank
sheet material into a shape of a press-formed work by
clamping a die having a forming surface portion on a
punch having a forming surface portion. The hot press
forming apparatus may have a trim portion cut-off appa-
ratus configured to trim a trim portion as a margin being
a portion of the blank sheet material that is not included
in the press-formed work. The hot press forming appa-
ratus may have a quench-hardening apparatus config-
ured to quench and harden the heated blank sheet ma-
terial by rapidly cooling while being clamped between the
punch and the die. The trim portion cut-off apparatus may
have a trim holding step formed forward so as to protrude
toward the punch at the outer margin of the die-side form-
ing surface portion. The trim portion cut-off apparatus
may have a trimming tool that includes a trimming blade
formed on a tip end corner on an inner margin of the trim
holding step, and a tip end corner formed on the outer
margin of the punch-side forming surface portion. The
trim portion cut-off apparatus may have a cut holder sur-
rounded the outer margin of the punch-side forming sur-
face portion so as to face the trim holding step. The trim
portion cut-off apparatus may have a spring mechanism
that is provided on the punch and that supports the cut
holder in such a state that the cut holder is elastically
energized toward the trim holding step, the cut holder
being movable closer to/away from the trim holding step.
During a press forming process of forming the blank sheet
material while the blank sheet material is clamped be-
tween the die and the punch by the press forming appa-
ratus, the trim portion may be clamped between the trim
holding step and the cut holder in such a state that elastic
force of the spring mechanism is being applied. As the
press forming operation by the die goes on, the trimming
blade may be relatively moved along the outer margin of
the punch-side forming surface portion while the cut hold-
er opposes elastic force of the spring mechanism by re-
ceiving pressing force of the trim holding step so that the
trimming blade may shear and cut off the trim portion
between the trimming blade and the tip end corner on
the outer margin of the punch-side forming surface por-
tion. After the cutting off process of the trim portion by
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the trim portion cut-off apparatus ends, the quench-hard-
ening apparatus may quench the blank sheet material
by clamping the blank sheet material between the punch
and the die finally.
[0023] Also, the hot press forming method according
to one aspect of the present invention is a hot press form-
ing method using the hot press forming apparatus. The
hot press forming apparatus may have a press forming
apparatus configured to form a pre-heated blank sheet
material into a shape of a press-formed work by clamping
the blank sheet material between a die having a forming
surface portion and a punch having a forming surface
portion. The hot press forming apparatus may have a
trim portion cut-off apparatus configured to trim a trim
portion as a margin being a portion of the blank sheet
material that is not included in the press-formed work.
The hot press forming apparatus may have a quench-
hardening apparatus configured to quench and harden
the heated blank sheet material by rapidly cooling while
the heated blank sheet is clamped between the punch
and the die. The trim portion cut-off apparatus may have
a trim holding step formed forward so as to protrude to-
ward the punch at the outer margin of the die-side forming
surface portion. The trim portion cut-off apparatus may
have a trimming tool that includes a trimming blade
formed on a tip end corner on an inner margin of the trim
holding step, and a tip end corner formed on the outer
margin of the punch-side forming surface portion. The
trim portion cut-off apparatus may have a cut holder sur-
rounded the outer margin of the punch-side forming sur-
face portion so as to face the trim holding step. The trim
portion cut-off apparatus may have a spring mechanism
that is provided on the punch and that supports the cut
holder in such a state that the cut holder is elastically
energized toward the trim holding step, the cut holder
being movable closer to/away from the trim holding step.
The hot press forming method may include: during a
press forming process of forming the blank sheet material
while the press forming apparatus is clamping the blank
sheet material between the die and the punch, clamping
the trim portion between the trim holding step and the cut
holder in such a state that elastic force of the spring mech-
anism is being applied. The hot press forming method
may include: as a press forming operation by the die goes
on, shearing and cutting off, by the trimming blade, the
trim portion between the trimming blade and the tip end
corner on the outer margin of the punch-side forming
surface portion by causing the trimming blade to relatively
move along the outer margin of the punch-side forming
surface portion while causing the cut holder to oppose
elastic force of the spring mechanism by receiving press-
ing force of the trim holding step. The hot press forming
method may include: after the cutting off process of the
trim portion by the trim portion cut-off apparatus ends,
quenching, by the quench-hardening apparatus, the
blank sheet material by clamping the blank sheet material
between the punch and the die finally.
[0024] According to one aspect of the present inven-

tion, the cut holder is configured to cooperate with the
trim holding step to clamp the trim portion, and the spring
mechanism is configured to support the spring mecha-
nism. Accordingly, as the forming of the blank sheet ma-
terial goes on, accompanied by the progress of the press
forming operation by the die, the trim holding step press-
es and moves the cut holder while causing the cut holder
to oppose elastic force of the spring mechanism. As the
process of pressing and moving goes on, the spring
mechanism is contracted, and accordingly, the clamping
force to the trim portion between the cut holder and the
trim holding step is gradually increased while the cut hold-
er increases the reaction force.
[0025] According to the above, before the trimming
process on the trim portion before the final clamping of
the die on the punch, because the degree of contraction
of the spring mechanism is still low and the reaction force
on the cut holder by the spring mechanism is small, the
clamping force on the trim portion between the cut holder
and the trim holding step is extremely slight. Therefore,
the blank sheet material can be drawn to two forming
surfaces of each of the die and the punch with approxi-
mately no resistance, and the blank sheet material feed
to the two forming surface portions is not impeded. As a
result, the blank sheet material can be formed into a de-
sired thickness or a desired shape by the punch and the
die, thereby obtaining a desired press-formed work.
[0026] Also, as described above, according to one as-
pect of the present invention, the clamping force between
the cut holder and the trim holding step before the trim
portion is cut off is small because the degree of expan-
sion/contraction of the spring mechanism is extremely
slight, and the temperature fall by heat dissipation of the
pre-heated blank sheet material is suppressed by clamp-
ing the trim portion between the cut holder and the trim
holding step. Accordingly, by the early hardening of the
blank sheet material, that the material cannot be fed to
the forming die including the die and the punch can be
prevented. Therefore, occurrence of the worst phenom-
enon such as material crack of the blank sheet material
can be prevented. Also, a press-formed work having de-
sired strength can be formed when the subsequent cool-
ing and quenching is to be performed on the blank sheet
material after finally clamping the blank sheet material
between the punch and the die.
[0027] According to one aspect of the present inven-
tion, at the time of final clamping of the die on the punch,
the trim holding step causes the spring mechanism to be
largely contracted according to the clamping operation
by the die, and accordingly, the degree of contraction of
the spring mechanism that supports the cut holder be-
comes high. In response to this, a large reaction force is
generated on the cut holder on the trim holding step, and
the clamping force on the trim portion between the cut
holder and the trim holding step extremely increases. As
a result, the blank sheet material before the quench-hard-
ening right before the final forming step is firmly clamped
by the cut holder and the trim holding step. Accordingly,
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the occurrence of wrinkles or overlapping of the press-
formed works caused by excessive feed of the blank
sheet material to the forming surface portions of each of
the punch and the die is suppressed. Also, a shearing
process enabling neat finish with no burr by cutting off
the trim portion can be performed on the press-formed
work.
[0028] As a result, according to one aspect of the
present invention, in the trimming process that is per-
formed by the trimming blade by cooperating with the tip
end corner of the punch-side forming surface portion, the
so-called aerial cutting, by which the trim portion is torn
off while being bent as the prior art, does not occur. Con-
sequently, no burr is formed on the completed press-
formed work. Therefore, the deburring process per-
formed after the pressed product is completed can be
eliminated, thereby achieving the reduction of the
processing man-hours and consequently, the product
cost reduction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029]

Fig. 1 is a schematic longitudinal cross-sectional
view illustrating one example of a state that a blank
sheet material is set at the time of die-opening of a
die on a punch of a hot press forming apparatus ac-
cording to one embodiment.
Fig. 2 is a schematic longitudinal cross-sectional
view illustrating one example of a process in the mid-
dle of press forming of the blank sheet material in
such a state that the blank sheet material is formed
by clamping the blank sheet material between the
die and the punch from the die-opening state in Fig.
1 and the trim portion is clamped between the cut
holder of the punch and the trim holding step of the
die.
Fig. 3 is a schematic longitudinal cross-sectional
view illustrating one example of a state that the cut-
ting off of the trim portion starts between the trimming
blade of the die and a tip end corner formed on the
outer margin of the punch-side forming surface por-
tion when the clamping of the die on the punch goes
on from the state of the process in the middle of press
forming the blank sheet material in Fig. 2.
Fig. 4 is a schematic longitudinal cross-sectional
view illustrating one example of a state that the
clamping of the die on the punch further goes on
from the state that the shearing and cutting off of the
trim portion starts in Fig. 3, and after the trim portion
is sheared and cut off by the trimming blade of the
die and the tip end corner formed on the outer margin
of the punch-side forming surface portion, the
quenching of the blank sheet material by clamping
the blank sheet material between the die and the
punch finally is to be performed.
Fig. 5 is a schematic longitudinal cross-sectional

view illustrating a state that a blank sheet material
is set at the time of die-opening of a punch on a die
of a conventional hot press forming apparatus.
Fig. 6 is a schematic longitudinal cross-sectional
view illustrating a process in the middle of press form-
ing of the blank sheet material by clamping the die
on the punch from the die-opening state in Fig. 5.
Fig. 7 is a schematic longitudinal cross-sectional
view illustrating a state that the clamping of the die
on the punch goes on from the state of the process
in the middle of press forming of the blank sheet ma-
terial in Fig. 6 and the cutting off of the trim portion
starts.
Fig. 8 is a schematic longitudinal cross-sectional
view illustrating a state that the clamping of the die
on the punch further goes on from the state that the
cutting off of the trim portion starts in Fig. 7, after the
trim portion is cut off, the quenching of the blank
sheet material by clamping the blank sheet material
between the die and the punch finally is performed.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0030] According to the hot press forming apparatus
and the hot press forming method using the apparatus
according to an embodiment of the present invention, the
burrs-occurring on the press-formed work by the trim-
ming process in the hot press forming process is elimi-
nated, thereby eliminating the deburring process per-
formed after the forming and achieving the reduction of
the processing man-hours and consequently, the product
cost reduction.
[0031] Next, the hot press forming apparatus accord-
ing to an embodiment of the present invention is de-
scribed using Fig. 1 to Fig. 4.
[0032] The hot press forming apparatus according to
an embodiment of the present invention has a die includ-
ing a die 1 as a mobile type and a punch 2 as a stationary
type, similar to the prior art. Then, each of the die 1 and
the punch 2 has forming surface portions 4, 5 made to
form a blank sheet material 3 to be a press-formed work
(not shown in the drawings) presenting a predetermined
shape, for example, a hat cross section.
[0033] Here, among the forming surface portions 4, 5,
a recessed fitting portion 4a is formed on a center of the
die-side forming surface portion 4. On a center of the
punch-side forming surface portion 5, a raised portion 5a
is formed facing the recessed fitting portion 4a. The re-
cessed fitting portion 4a and the raised portion 5a coop-
erate with each other to form the blank sheet material 3
into the press-formed-work shape being the hat cross
section.
[0034] Therefore, the die 1 having the die-side forming
surface portion 4 on which the recessed fitting portion 4a
is formed and the punch 2 having the punch-side forming
surface portion 5 on which the raised portion 5a is formed
configure a press forming apparatus to form the press-
formed work having the hat cross section.
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[0035] Also, the trim holding step 6 that protrudes to-
ward the punch 2 is formed forward at the outer margin
4b of the die-side forming surface portion 4. The trimming
blade 7 is formed on the tip end corner in an inner margin
6a of the trim holding step 6. The trimming blade 7 and
a tip end corner 5c formed on an outer margin 5b of the
punch-side forming surface portion 5 configure a trim-
ming tool.
[0036] Further, the cut holder 8 is arranged facing the
trim holding step 6 and being adjacent to the outer margin
5b of the punch-side forming surface portion 5. The cut
holder 8 is configured to be movable along the outer mar-
gin 5b of the punch-side forming surface portion 5 by
being pressed on the trim holding step 6 accompanied
by the forming operation by the die 1 in such a state that
the cut holder 8 is elastically energized toward the trim
holding step 6 by a spring mechanism 9 provided on the
punch 2. Note that the spring mechanism 9 can be con-
figured by using a coil spring or a pneumatic or hydraulic
cylinder.
[0037] As a result, during the press forming process,
by the press forming apparatus, of forming the blank
sheet material 3 while moving the die 1 toward the punch
2 and clamping the die 1, the trim holding step 6 and the
cut holder 8 clamp the trim portion 3a being the margin
of the blank sheet material 3 in such a state that the elastic
force of the spring mechanism 9 is being applied.
[0038] Also, while the trim portion 3a is kept being
clamped by the trim holding step 6 and the cut holder 8,
in response to the press forming operation by the die 1
advancing, the trim portion cut-off apparatus causes the
cut holder 8 to relatively move along the outer margin 5b
of the punch-side forming surface portion 5 while causing
the cut holder 8 to oppose the elastic force of the spring
mechanism 9 and applying the pressing force of the trim
holding step 6 to the trimming blade 7. Accordingly, the
trim portion cut-off apparatus is configured to shear and
cut off the trim portion 3a between the trimming blade 7
and a tip end corner 5c on the outer margin 5b of the
punch-side forming surface portion 5.
[0039] The quench-hardening apparatus is configured
to: after the trim portion cutting-off process by the trim
portion cut-off apparatus ends, quench the blank sheet
material 3 by clamping the blank sheet material 3 be-
tween the die 1 and the punch 2 finally and rapidly cooling
them by using a cooling system or the like which is not
shown in the drawings.
[0040] By using the hot press forming apparatus ac-
cording to the above-described embodiment of the
present invention, the blank sheet material 3 is formed
by the below processes to obtain the press-formed work.
First, as shown in Fig. 1, the blank sheet material 3 heated
to an austenizing temperature is supplied and set be-
tween the die-side forming surface portion 4 of the die 1
that is opened relative to the punch 2 and the punch-side
forming surface portion 5 of the punch 2.
[0041] Next, the die 1 is moved toward the punch 2
and the punch-side forming surface portion 5 is fit in the

recessed fitting portion 4a of the die-side forming surface
portion 4 to form the blank sheet material 3.
[0042] As the die 1 is further moved toward the punch
2 and the clamping is performed to advance the forming
of the blank sheet material 3, a protruding portion is
formed on the blank sheet material 3 by an effect of the
recessed fitting portion 4a and the raised portion 5a, as
shown in Fig. 2. In addition, because the cut holder 8 is
flush with the punch-side forming surface portion 5 or
protrudes to the trim holding step 6 by the elastic force
of the spring mechanism 9, the cut holder 8 and the trim
holding step 6 receive the elastic force of the spring
mechanism 9 to clamp the trim portion 3a being the mar-
gin of the blank sheet material 3.
[0043] In this manner, as the forming operation on the
blank sheet material 3 by the die 1 goes on while the trim
portion 3a is kept being clamped by the cut holder 8 and
the trim holding step 6, the cut holder 8 receives the
pressing force of the trim holding step 6, and is relatively
moved along the outer margin 5b of the punch-side form-
ing surface portion 5 while opposing the elastic force of
the spring mechanism 9.
[0044] In this manner, the relative movement of the cut
holder 8 along the outer margin 5b of the punch-side
forming surface portion 5 goes on and as the cut holder
8 is moved below the tip end corner 5c of the punch-side
forming surface portion 5 as shown in Fig. 3, the trimming
blade 7 starts shearing the trim portion 3a of the blank
sheet material 3 between the punch-side forming surface
portion 5 and the tip end corner 5c accompanied by this
movement.
[0045] As the cut holder 8 is moved along the outer
margin 5b of the punch-side forming surface portion 5
while opposing the elastic force of the spring mechanism
9 from the state, the shearing of the trim portion 3a that
is kept being clamped between the cut holder 8 and the
trimming trim holding step 6 goes on. Finally, as shown
in Fig. 4, the trim portion 3a is sheared and cut off from
the main body portion constituting the press-formed work
of the blank sheet material 3.
[0046] Then, when the cutting off process of the trim
portion 3a ends in this manner, the die 1 and the punch
2 are finally clamped and are rapidly cooled by the cooling
system, and the quenching process of performing
quenching on the blank sheet material 3 is performed.
Accordingly, the press-formed work is completed.
[0047] As described above, in the above-described
embodiment of the present invention, the cut holder 8
that cooperates with the trim holding step 6 to clamp the
trim portion 3a is supported by the spring mechanism 9.
[0048] As the forming of the blank sheet material 3
goes on, the trim holding step 6 causes the cut holder 8
to be moved while pressing the cut holder 8 opposing
the elastic force of the spring mechanism 9 accompanied
by the progress of the press forming operation by the die
1. As the movement along with the pressing goes on, the
spring mechanism 9 is contracted and the cut holder 8
generates the reaction force to gradually increase the
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clamping force on the trim portion 3a between the cut
holder 8 and the trim holding step 6.
[0049] According to the above, before the trimming
process on the trim portion 3a before the time of the final
clamping of the die 1 on the punch 2, the degree of con-
traction of the spring mechanism 9 is still low and the
reaction force on the cut holder 8 by the spring mecha-
nism 9 is small. Accordingly, the clamping force on the
trim portion 3a between the cut holder 8 and the trim
holding step 6 is extremely slight. The blank sheet ma-
terial 3 can be drawn to the forming surface portions 4,
5 of each of the die 1 and the punch 2 with approximately
no resistance and the blank sheet material 3 feed to the
forming surface portions 4, 5 is not impeded. By forming
the blank sheet material 3 by such punch 2 and die 1, a
press-formed work having a desired thickness or a de-
sired shape can be obtained.
[0050] Also, as described above, according to the em-
bodiment of the present invention, because the degree
of expansion/contraction of the spring mechanism 9 be-
fore the trim portion 3a is cut off is extremely slight, the
clamping force between the cut holder 8 and the trim
holding step 6 is small. Therefore, the pre-heated blank
sheet material 3 dissipates the heat by clamping the trim
portion 3a by the cut holder 8 and the trim holding step
6, and the temperature fall can be suppressed from oc-
curring. That the material cannot be fed to the forming
die configured with the die 1 and the punch 2 due to the
early hardening of the blank sheet material 3 and the
occurrence of the worst phenomenon such as the mate-
rial crack of the blank sheet material 3 can be prevented.
Furthermore, the press-formed work having desired
strength can be formed when the subsequent cooling
and quenching is to be performed on the blank sheet
material 3 after the final clamping is performed on the
punch 2 and the die 1.
[0051] According to the embodiment of the present in-
vention, at the time of final clamping of the die 1 on the
punch 2, the spring mechanism 9 is largely contracted
according to the clamping operation by the die 1 on the
trim holding step 6, and accordingly, the degree of con-
traction of the spring mechanism 9 that supports the cut
holder 8 becomes high. In response to this, large reaction
force on the trim holding step 6 is generated on the cut
holder 8, and the clamping force on the trim portion 3a
between the cut holder 8 and the trim holding step 6 ex-
tremely increases. As a result, the blank sheet material
3 before quench-hardening right before the final forming
step is firmly clamped by the cut holder 8 and the trim
holding step 6. Accordingly, the occurrence of the wrin-
kles or overlapping of the press-formed works caused by
the excessive feed of the blank sheet material 3 to the
forming surface portions 4, 5 of each of the punch 2 and
the die 1 is suppressed. In addition, a shearing process
enabling neat finish with no burr by cutting off the trim
portion 3a can be performed on the press-formed work.
[0052] As a result, according to one aspect of the
present invention, in the trimming process that is per-

formed by the trimming blade 7 by cooperating with the
tip end corner 5c of the punch-side forming surface por-
tion 5, the so-called aerial cutting by which the trim portion
is torn off while being bent as the prior art does not occur.
Accordingly, the burrs are not occurred in the completed
press-formed work. Therefore, the deburring process
performed after the pressed product is completed is elim-
inated, thereby achieving the reduction of the processing
man-hours, and consequently the product cost reduction.

INDUSTRIAL APPLICABILITY

[0053] According to the above-described one aspect
of the present invention, the burrs-occurring on the press-
formed work by the trimming process during the hot press
forming process can be eliminated even with a configu-
ration in which the trimming process is performed on a
high-temperature blank sheet material. Accordingly, the
deburring process performed after forming is eliminated,
thereby achieving the reduction of the processing man-
hours, and consequently, the product cost reduction.
Therefore, for a vehicle body component manufactured
by the press forming, for example, a door impact beam
or a center pillar of an automobile, the hot press forming
apparatus of forming by heating a blank sheet material
made of a steel material to an austenizing temperature
and forming and quenching the heated steel material by
using a low-temperature die, and the hot press forming
method using the hot press forming apparatus are suit-
able.

EXPLANATION OF REFERENCES

[0054] 1 ... die; 2 ... punch; 3 ... blank sheet material;
3a ... trim portion; 4 ... die-side forming surface portion;
4a ... recessed fitting portion; 4b ... outer margin; 5 ...
punch-side forming surface portion; 5a ... raised portion;
5b ... outer margin; 5c ... tip end corner; 6 ... trim holding
step; 6a ... inner margin; 7 ... trimming blade; 8 ... cut
holder; 9 ... spring mechanism

Claims

1. A hot press forming apparatus comprising:

a press forming apparatus configured to form a
pre-heated blank sheet material into a shape of
a press-formed work by clamping a die having
a forming surface portion on a punch having a
forming surface portion;
a trim portion cut-off apparatus configured to trim
a trim portion as a margin being a portion of the
blank sheet material that is not included in the
press-formed work; and
a quench-hardening apparatus configured to
quench and harden the heated blank sheet ma-
terial by rapidly cooling while being clamped be-
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tween the punch and the die, wherein
the trim portion cut-off apparatus has:

a trim holding step that is formed forward
as to protrude toward the punch at an outer
margin of the forming surface portion of the
die;
a trimming tool that includes a trimming
blade formed on a tip end corner on an inner
margin of the trim holding step, and a tip
end corner formed on an outer margin of
the forming surface portion of the punch;
a cut holder that is arranged adjacent to the
outer margin of the forming surface portion
of the punch so as to face the trim holding
step; and
a spring mechanism that is provided on the
punch and that supports the cut holder in
such a state that the cut holder is elastically
energized toward the trim holding step, the
cut holder being movable closer to/away
from the trim holding step, wherein
during a press forming process of forming
the blank sheet material while the press
forming apparatus is clamping the die on
the punch, the trim portion is clamped be-
tween the trim holding step and the cut hold-
er in such a state that elastic force of the
spring mechanism is being applied,
as a press forming operation by the die goes
on, the trimming blade is relatively moved
along the outer margin of the forming sur-
face portion of the punch while the cut hold-
er opposes elastic force of the spring mech-
anism by receiving pressing force of the trim
holding step so that the trimming blade
shears and cuts off the trim portion between
the trimming blade and the tip end corner
on the outer margin of the forming surface
portion of the punch, and
after the cutting off process of the trim por-
tion by the trim portion cut-off apparatus
ends, the quench-hardening apparatus
quenches the blank sheet material by
clamping the blank sheet material between
the punch and the die finally.

2. A hot press forming method using a hot press forming
apparatus, wherein
the hot press forming apparatus has:

a press forming apparatus configured to form a
pre-heated blank sheet material into a shape of
a press-formed work by clamping a die having
a forming surface portion on a punch having a
forming surface portion;
a trim portion cut-off apparatus configured to trim
a trim portion as a margin being a portion of the

blank sheet material that is not included in the
press-formed work; and
a quench-hardening apparatus configured to
quench and harden the heated blank sheet ma-
terial by rapidly cooling while being clamped be-
tween the punch and the die, wherein
the trim portion cut-off apparatus has:

a trim holding step that is formed forward
so as to protrude toward the punch at an
outer margin of the forming surface portion
of the die;
a trimming tool that includes a trimming
blade formed on a tip end corner on an inner
margin of the trim holding step, and a tip
end corner formed on an outer margin of
the forming surface portion of the punch;
a cut holder that is arranged adjacent to the
outer margin of the forming surface portion
of the punch so as to face the trim holding
step; and
a spring mechanism that is provided on the
punch and that supports the cut holder in
such a state that the cut holder is elastically
energized toward the trim holding step, the
cut holder being movable closer to/away
from the trim holding step, and
the hot press forming method comprises:

during a press forming process of form-
ing the blank sheet material while
clamping the die on the punch by the
press forming apparatus, clamping the
trim portion between the trim holding
step and the cut holder in such a state
that elastic force of the spring mecha-
nism is being applied;
as a press forming operation by the die
goes on, shearing and cutting off, by
the trimming blade, the trim portion be-
tween the trimming blade and the tip
end corner on the outer margin of the
forming surface portion of the punch by
causing the trimming blade to relatively
move along the outer margin of the
forming surface portion of the punch
while causing the cut holder to oppose
elastic force of the spring mechanism
by receiving pressing force of the trim
holding step; and
after the cutting off process of the trim
portion by the trim portion cut-off appa-
ratus ends, quenching, by the quench-
hardening apparatus, the blank sheet
material by clamping the blank sheet
material the punch and the die finally.
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