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(54) MOLDING DIE DEVICE AND MOLDING METHOD

(57) Provided is a molding die device configured so
that close contact of a resin sheet with a die cavity can
be reliably made without use of a complicated die struc-
ture and a complicated drive mechanism. More specifi-
cally, a molding die device is provided for bringing a resin
sheet into close contact with a pair of dies by vacuum
suction from a cavity surface to perform molding. An outer
frame portion is formed integrally with an outer peripheral
portion of the respective dies arranged to face each other.
Moreover, one of the dies has a recessed portion formed
at the position of the one of the dies facing the outer frame
portion of the other die and configured so that the outer
frame portion of the one of the dies can be housed in the
recessed portion. The outer frame portion is formed to
protrude most in each die. Upon molding, the dies are
clamped together after vacuum suction has been per-
formed with the resin sheet being arranged in contact
with the outer frame portions.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a molding die
device for performing vacuum molding for a resin sheet.
Further, the present invention relates to a molding meth-
od using the molding die device.

BACKGROUND ART

[0002] For example, in the case of forming a resin
molded article with a single wall structure, vacuum mold-
ing or pressure molding is performed such that after a
thermoplastic resin original fabric sheet prepared in ad-
vance has been reheated to a molten state, the sheet
closely contacts a die cavity by vacuum suction or air
pressure. Vacuum molding or pressure molding has
characteristics such as a characteristic suitable for high-
mix low-volume production. Moreover, the applicant of
the present application has developed a molding tech-
nique including bringing each of two extruded resin
sheets into close contact with a corresponding one of
dies in a pair by vacuum suction and subsequently clamp-
ing the dies to integrate these two resin sheets together.
[0003] In this type of vacuum molding or pressure
molding, the heated molten resin sheet needs to be re-
liably in close contact with a cavity surface of the die.
With poor close contact of the resin sheet with a die cavity,
the surface shape of the die cannot be sufficiently trans-
ferred. For this reason, a resin molded article with pre-
determined quality cannot be obtained.
[0004] Meanwhile, the die shape has been diversified
due to resin molded article diversification. For this rea-
son, it is difficult to perform vacuum suction for the resin
sheet in some cases. For bringing the resin sheet into
close contact with the die cavity, vacuum suction is per-
formed after a tip end of the die has contacted the resin
sheet. However, in this state, the resin sheets contacting
the dies need to form a closed space.
[0005] Among the above-described various dies, there
is, however, a die having a parting line in a complicated
(three-dimensionally curved) shape, for example. In this
case, a clearance is also formed between the die and
the resin sheet stacked in contact with the die. That is,
there is a problem that it is difficult to form the closed
space.
[0006] In view of such a situation, an attempt has been
made to modify the die for forming the closed space. For
example, Patent Literature 1 discloses a molding device
configured so that thermoplastic resin extruded in a sheet
shape from an extruding machine can closely contact a
frame positioned at the periphery of a die. This molding
device is configured such that a tip end surface of the
frame is in a single plane. With this configuration, even
when the shape of a parting line of the die is complicated,
a resin sheet is arranged in contact with the frame, there-
by forming a closed space. As a result, vacuum suction

can be reliably performed.
[0007] Moreover, Patent Literature 2 discloses a vac-
uum molding die used for bonding, at the same time as
vacuum molding, a skin material in the form of a thin
sheet to a surface of a base material set on the vacuum
molding die, the base material being in a shape having
a recessed surface portion at a substantially center por-
tion. A frame protruding higher than an outer edge portion
of the base material is provided at a portion of the vacuum
molding die positioned at an outer peripheral portion of
the set base material. It is described that upon vacuum
molding of the skin material set on the frame, molding is
performed such that the skin material comes into contact
with the recessed surface portion in advance of the outer
edge portion of the base material.

CITATION LIST

PATENT LITERATURE

[0008]

PATENT LITERATURE 1: JP-A-2012-192521
PATENT LITERATURE 2: JP-A-5-16218

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0009] However, in, e.g., the configuration of providing
the frame as described in Patent Literature 1, a die struc-
ture drive mechanism is complicated. Thus, there is a
problem that tremendous facility investment is needed.
Moreover, the purpose of the technique described in Pat-
ent Literature 2 is reduction in adhesive failure and dent
of a skin material of a molded article having a recessed
surface portion, and is significantly different from an ob-
ject of the present invention. Further, in the invention de-
scribed in Patent Literature 2, vacuum molding is per-
formed using the single die. In Patent Literature 2, the
molding technique including bringing each of the two ex-
truded resin sheets into close contact with a correspond-
ing one of the dies in a pair by vacuum suction and sub-
sequently clamping the dies to integrate these two resin
sheets together is not assumed.
[0010] The present invention has been proposed in
view of the above-described typical situation. That is, it
is intended to provide a molding die device configured
so that close contact of a resin sheet with a die cavity
can be reliably made without a complicated die structure
and a complicated drive mechanism. Further, the present
invention is intended to provide a molding method by the
molding die device. In addition, the present invention is
intended to provide a molding die device applicable to a
molding technique including bringing each of two extrud-
ed resin sheets into close contact with a corresponding
one of dies in a pair by vacuum suction and subsequently
clamping the dies to integrate these two resin sheets to-
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gether. Moreover, the present invention is intended to
provide a molding method by the molding die device.

SOLUTION TO THE PROBLEMS

[0011] To achieve the above-described object, a mold-
ing die device of the present invention is a molding die
device for bringing a resin sheet into close contact with
a pair of dies by vacuum suction from a cavity surface to
perform molding processing, wherein an outer frame por-
tion is formed integrally with an outer peripheral portion
of the respective dies arranged to face each other, a re-
cessed portion is formed at a position of one of the dies,
the position facing the outer frame portion of the other
die, the recessed portion being capable of housing the
outer frame portion of the one of the dies, and the outer
frame portion is formed to protrude most in each die.
[0012] Moreover, a molding method of the present in-
vention is a molding method for bringing a resin sheet
into close contact with a pair of dies by vacuum suction
from a cavity surface to perform molding, including:
clamping, by means of a molding die device, the dies
together after vacuum suction has been performed with
the resin sheet being arranged in contact with outer frame
portions of the dies, wherein in the molding die device,
the outer frame portion is formed integrally with an outer
peripheral portion of the respective dies arranged to face
each other, a recessed portion is formed at a position of
one of the dies, the position facing the outer frame portion
of the other die, the recessed portion being capable of
housing the outer frame portion of the one of the dies,
and the outer frame portion is formed to protrude most
in each die.
[0013] The tallest outer frame portion is provided at
each die such that the resin sheet first comes into contact
with the outer frame portion. With this configuration, a
space between the resin sheet and the die cavity surface
forms a closed space regardless of the shape of the die.
When vacuum suction is performed in this state, close
contact of the resin sheet with the die cavity surface is
reliably made without air leakage.
[0014] The recessed portion in which the outer frame
portion can be housed is formed at the position of the die
facing the outer frame portion. Thus, when the dies in a
pair are clamped together in a butting state, the outer
frame portions do not collide with each other. Conse-
quently, a predetermined clamping state can be brought.

EFFECTS OF THE INVENTION

[0015] According to the present invention, close con-
tact of the resin sheet with the die cavity can be reliably
made without a complicated die structure and a compli-
cated drive mechanism. Thus, a high-quality resin mold-
ed article can be molded. Moreover, the present invention
is applicable to the molding technique including bringing
each of the two extruded resin sheets into close contact
with a corresponding one of the dies in a pair by vacuum

suction and subsequently clamping the dies to integrate
these two resin sheets together. Thus, the present inven-
tion is available for molding of various types of resin mold-
ed articles.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

Fig. 1 is a schematic side view of one embodiment
of a molding die device to which the present invention
is applied.
Fig. 2 is a schematic plan view of the molding die
device illustrated in Fig. 1.
Fig. 3 is a schematic perspective view of one exam-
ple of an outer frame portion.
Fig. 4 is a schematic perspective view of another
example of the outer frame portion.
Fig. 5 is a schematic perspective view of still another
example of the outer frame portion.
Fig. 6A is a schematic side view of one embodiment
of a molding method to which the present invention
is applied, the view illustrating a resin sheet extrusion
step.
Fig. 6B is a schematic side view of the step of bringing
each resin sheet into contact with a corresponding
one of dies.
Fig. 6C is a schematic side view of the step of per-
forming vacuum suction for the resin sheets.
Fig. 6D is a schematic side view of a clamping step
and a resin molded article extraction step.
Fig. 7 is a view of one example of a die having a pin
configured to hold a skin material.
Fig. 8 is a view of an embodiment in which the present
invention is applied to the die having the pin config-
ured to hold the skin material.

DESCRIPTION OF EMBODIMENTS

[0017] An embodiment of a molding die device and a
molding method will be described in detail below with
reference to the drawings, the present invention being
applied to the embodiment.
[0018] The molding die device of the present embod-
iment is a device configured to perform, after a resin sheet
has been brought into close contact with each of dies in
a pair, clamping to integrate these resin sheets together,
thereby molding a hollow resin molded article. Thus, as
illustrated in Figs. 1 and 2, the molding die device 1 of
the present embodiment is configured such that the butt-
ing dies 2, 3 in a pair are arranged to face each other.
[0019] Each of the dies 2, 3 has a cavity. The resin
sheet is brought into close contact with each of die cavity
surfaces 2a, 3a, and therefore, the shape of each of the
die cavity surfaces 2a, 3a is transferred to the resin sheet.
Moreover, a pinch-off portion 2b, 3b is formed to protrude
from the periphery of each of the die cavity surfaces 2a,
3a of the dies 2, 3. By butting these pinch-off portions,
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peripheral portions of the two resin sheets are welded
together to form a parting line (PL) and to integrate the
resin sheets together.
[0020] In the case of using the molding die device 1
having the above-described configuration to perform
vacuum molding for bringing each resin sheet into close
contact with a corresponding one of the die cavity sur-
faces 2a, 3a, a vacuum vent is generally formed in ad-
vance at each of the die cavity surfaces 2a, 3a of the dies
2, 3. In addition, the resin sheets contact the tall pinch-
off portions 2b, 3b. In this state, vacuum suction is per-
formed. However, e.g., in the case of a parting line in a
complicated shape (e.g., a case where the pinch-off por-
tions 2b, 3b are curved three-dimensionally), even when
the planar resin sheets are arranged in contact with the
dies (the pinch-off portions 2b, 3b), a clearance is formed
between the resin sheet and the die. For this reason, it
is difficult to perform vacuum suction.
[0021] Thus, in the molding die device 1 of the present
embodiment, an outer frame portion 2c, 3c is formed at
an outer peripheral portion of each of the dies 2, 3. With
this configuration, the outer frame portions 2c, 3c can
come into contact with the resin sheets in advance of
other portions. The outer frame portion 2c, 3c is a rod-
shaped die formed integrally with each of the dies 2, 3
across the entire circumference of the outer peripheral
portion of the each of the dies 2, 3. The dies 2, 3 are
formed to protrude most in a butting direction thereof.
That is, the outer frame portions 2c, 3c are tallest at the
dies 2, 3.
[0022] A frame-shaped surface (a tip end surface in
the butting direction) 2d, 3d of each of the outer frame
portions 2c, 3c is formed in a single plane. For example,
as illustrated in Fig. 3, the tip end surface 2d, 3d of the
outer frame portion 2c, 3c in the butting direction is
formed in a rectangular plane. In this case, the height of
the outer frame portion 2c, 3c is constant (the same)
across the entire circumference thereof. The resin sheets
contact these tip end surfaces 2d, 3d.
[0023] The forms of the outer frame portions 2c, 3c are
not limited to above. The outer frame portions 2c, 3c may
have such a shape that no clearance is formed upon
contact with the resin sheets. For example, the tip end
surface 2d, 3d of the outer frame portion 2c, 3c in the
butting direction may be formed in an inclined plane or a
curved plane. Fig. 4 illustrates an example where the tip
end surface 2d, 3d of the outer frame portion 2c, 3c in
the butting direction is formed in a single inclined plane.
Fig. 5 illustrates an example where the tip end surface
2d, 3d of the outer frame portion 2c, 3c in the butting
direction is formed in a single curved plane. For example,
in a case where the tip end surface 2d, 3d is formed in
the inclined plane as illustrated in Fig. 4, the resin sheet
contacts a lower end edge of the outer frame portion 2c,
3c, and then, a portion of the resin sheet contacting the
tip end surface 2d, 3d expands upward along the inclined
plane. In this manner, the resin sheet can smoothly con-
tact the entirety of the tip end surface 2d, 3d.

[0024] With the outer frame portions 2c, 3c formed at
the dies 2, 3, the resin sheets inevitably first contact the
tip end surfaces 2d, 3d of the outer frame portions 2c,
3c. In this state, the tip end surfaces 2d, 3d of the outer
frame portions 2c, 3c are not curved three-dimensionally,
but are flat. Thus, the tip end surfaces 2d, 3d contact the
peripheries of the resin sheets without any clearance.
That is, a space between the resin sheet and the die
cavity surface 2a, 3b is a closed space. When vacuum
suction from the die cavity surfaces 2a, 3a is performed
in this state, vacuum suction can be efficiently performed
without air leakage. Thus, close contact of the resin
sheets with the die cavity surfaces 2a, 3a can be reliably
made.
[0025] Note that when the tall outer frame portion 2c,
3c is provided at each of the dies 2, 3, the tallest outer
frame portions 2c, 3c come into contact with each other
upon clamping of the dies 2, 3. For this reason, clamping
cannot be properly performed. Thus, in the molding die
device 1 of the present embodiment, one die 3 is larger
than the other die 2. Further, the larger die 3 has a re-
cessed portion 3e formed at a position facing the outer
frame portion 2c of the smaller die 2 and having such a
frame shape that the outer frame portion 2c can be
housed in the recessed portion 3e.
[0026] Due to such a configuration, the outer frame
portion 3c of the die 3 with the larger size is inevitably
positioned on the outside of the outer periphery of the
die 2. Thus, the outer frame portion 3c does not come
into contact with the other die 2. Moreover, the die 2 with
the smaller size has a recessed portion 3e formed at a
position facing the outer frame portion 2c of the die 3.
Thus, the outer frame portion 2c does not come into con-
tact with the die 3, needless to say.
[0027] Thus, upon clamping of the dies 2, 3, the hollow
resin molded article can be, as in a normal die, molded
with the pinch-off portions 2b, 3b contacting each other.
Moreover, each of the outer frame portions 2c, 3c is
formed integrally with a corresponding one of the dies 2,
3. Thus, a die structure is not complicated. Further, it is
not necessary to separately drive the outer frame por-
tions 2c, 3c. Thus, a drive mechanism is not complicated.
[0028] Next, the method for molding the resin molded
article by means of the above-described molding die de-
vice 1 will be described.
[0029] Upon molding, resin sheets 11, 12 made of,
e.g., thermoplastic resin are first extruded from a T-die
as illustrated in Fig. 6A. The extruded resin sheets 11,
12 droop down between the divided dies 2, 3 in a pair.
[0030] The resin sheets 11, 12 pass by the upper po-
sitions of the dies 2, 3. Thereafter, the divided dies 2, 3
move forward to the resin sheets 11, 12 as illustrated in
Fig. 6B. In this state, the tip end surfaces 2d, 3d of the
outer frame portions 2c, 3c of the dies 2, 3 each come
into contact with the resin sheets 11, 12. Thus, the resin
sheets 11, 12 inevitably droop down along the tip end
surfaces 2d, 3d of the outer frame portions 2c, 3c. In this
state, the resin sheets 11, 12 droop down along the tip
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end surfaces 2d, 3d of the outer frame portions 2c, 3c.
Thus, friction is generated between the resin sheet 11,
12 and the tip end surface 2d, 3d. This can provide the
effect of decreasing a sheet own weight on each of the
resin sheets 11, 12 by friction and the effect of reducing
drawdown of the resin sheets 11, 12.
[0031] At the entire circumference, the tip end surfaces
2d, 3d of the outer frame portions 2c, 3c each contact
the resin sheets 11, 12. Thereafter, air is sucked through
the vacuum vents provided at the die cavity surfaces 2a,
3a. In this manner, the resin sheets 11, 12 are sucked
as illustrated in Fig. 6C. A space between the resin sheet
11, 12 and the die 2, 3 forms a closed space. Thus, close
contact of the resin sheet 11, 12 with the die cavity surface
2a, 3a can be reliably made.
[0032] As described above, the resin sheets 11, 12
each closely contact the die cavity surfaces 2a, 3a. Fur-
ther, the resin sheets 11, 12 are shaped along the die
cavity surfaces 2a, 3a. Thereafter, the dies 2, 3 further
move forward as illustrated in Fig. 6D. In this manner,
clamping is performed.
[0033] Upon clamping as described above, the die 3
is provided with the recessed portion 3e corresponding
to the outer frame portion 2c of the die 2. In this form, a
tip end portion of the outer frame portion 2c is housed in
the recessed portion 3e. Thus, the above-described tip
end portion does not contact the die 3. The pinch-off por-
tion 2b of the die 2 and the pinch-off portion 3b of the die
3 come into contact with each other by clamping, and
therefore, the cavities of the two dies 2, 3 form the closed
space. Meanwhile, peripheral edge portions of the resin
sheets 11, 12 are welded together. In this manner, a part-
ing line PL is formed at a joint surface between the two
resin sheets 11, 12. In addition, a closed hollow portion
is formed inside the two resin sheets 11, 12.
[0034] Finally, the dies 2, 3 open by moving apart from
each other. Thereafter, a resin molded article 20 is ex-
tracted. Then, burrs of an outer peripheral portion are
removed. In this manner, the resin molded article 20 can
be molded.
[0035] As described above, according to the molding
die device and the molding method of the present inven-
tion, the die structure and the drive mechanism are not
complicated. Thus, the outer frame portions 2c, 3d are
utilized so that close contact of the resin sheets 11 with
the die cavity surfaces 2a, 3a can be reliably made.
Consequently, a high-quality resin molded article can be
molded.
[0036] The embodiment to which the present invention
is applied has been described above. Note that the
present invention is not limited to the above-described
embodiment, needless to say. Various changes can be
made to the above-described embodiment without de-
parting from the gist of the present invention.
[0037] For example, in the previous embodiment, the
dies 2, 3 each have the three-dimensionally curved
pinch-off portions 2b, 3b. Moreover, the dies 2, 3 are
provided with the outer frame portions 2c, 3c. With this

configuration, the device is configured such that the
space between the resin sheet 11, 12 and the die 2, 3
forms the closed space. Thus, the present invention is
not limited to a three-dimensionally curved die, and is
also applicable to any die which might lead to a clearance
between a resin sheet and the die.
[0038] Fig. 4 is one example of a molding die device
configured to perform molding with a skin material being
stacked on a resin sheet. A molding die device 21 illus-
trated in Fig. 7 also includes dies 22, 23 divided in two.
The dies 22, 23 each have die cavity surfaces 22a, 23a.
In addition, these dies each have pinch-off portions 22b,
23b. Moreover, in the case of this example, a fixation pin
25 for fixing a skin material 24 in advance is provided at
one die 22.
[0039] In the molding die device 21 configured as de-
scribed above, the pinch-off portions 22b, 23b of the dies
22, 23 are not curved three-dimensionally. However, the
fixation pin 25 more protrudes than the pinch-off portions
22. Thus, in this form, when a resin sheet is arranged to
contact the die 22, a portion of the resin sheet is lifted by
the fixation pin 25. Thus, a clearance is formed, and
therefore, air leaks upon vacuum suction.
[0040] Thus, it is also effective to form an outer frame
portion in this molding die device 21. Fig. 8 illustrates
such a form that an outer frame portion 22c is formed at
the die 22 having the fixation pin 25 for fixing the skin
material 24. The outer frame portion 22c is formed in a
frame shape integrally with the die 22 across the entire
circumference of an outer peripheral portion of the die
22. The outer frame portion 22c is formed to protrude
most in a butting direction of the die 22. That is, the outer
frame portion 22c is taller than the fixation pin 25. More-
over, a frame-shaped tip end surface (a surface which is
to contact the resin sheet) 22d of the outer frame portion
22c is formed in a single plane. That is, the height of the
outer frame portion 22c is constant (the same) across
the entire circumference thereof.
[0041] With the above-described configuration, the die
can contact the resin sheet without any clearance even
in the case of placing the fixation pin 25. Thus, close
contact of the resin sheet with the die cavity surface 22a
can be reliably made by vacuum suction. Note that as in
the case of the previous embodiment, a configuration
such as a configuration in which a recessed portion in
which the outer frame portion 22c can be housed is
formed at the other die is employed so that contact of the
outer frame portion 22c with the other die can be pre-
vented.

LIST OF REFERENCE NUMERALS

[0042]

1, 21 Molding die device
2, 3, 22, 23 Die
2a, 3a, 22a Die cavity surface
2b, 3b, 22b Pinch-off portion
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2c, 3c, 22c Outer frame portion
2d, 3d, 22d Tip end surface
3e Recessed portion
11, 12 Resin sheet
20 Resin molded article
24 Skin material
25 Fixation pin

Claims

1. A molding die device for bringing a resin sheet into
close contact with a pair of dies by vacuum suction
from a cavity surface to perform molding processing,
wherein
an outer frame portion is formed integrally with an
outer peripheral portion of the respective dies ar-
ranged to face each other,
a recessed portion is formed at a position of one of
the dies, the position facing the outer frame portion
of the other die, the recessed portion being capable
of housing the outer frame portion of the one of the
dies, and
the outer frame portion is formed to protrude most
in each die.

2. The molding die device according to claim 1, wherein
a size of the one of the dies is larger than that of the
other die, and
the die with the larger size is provided with the re-
cessed portion capable of housing the outer frame
portion of the die with the smaller size upon butting
of the dies.

3. A molding method for bringing a resin sheet into
close contact with a pair of dies by vacuum suction
from a cavity surface to perform molding, comprising:

clamping, by means of a molding die device, the
dies together after vacuum suction has been
performed with the resin sheet being arranged
in contact with outer frame portions of the dies,
wherein
in the molding die device, the outer frame portion
is formed integrally with an outer peripheral por-
tion of the respective dies arranged to face each
other,
a recessed portion is formed at a position of one
of the dies, the position facing the outer frame
portion of the other die, the recessed portion be-
ing capable of housing the outer frame portion
of the one of the dies, and
the outer frame portion is formed to protrude
most in each die.
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