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(57) ABSTRACT

A first sealing member and a second sealing member are
disposed respectively on a lower mold and an upper mold.
During a process of closing the lower mold and the upper
mold, a gap between the molds is sealed by the first sealing
member, thereby forming an enclosed space between the
molds. Thereafter, a gas in the enclosed space is discharged.
As the closing process progresses, the enclosed space is
divided by the second sealing member into a sealed room and
aproduction cavity, followed by a liquid resin being supplied
to the production cavity.
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METHOD AND APPARATUS FOR
PRODUCING MOLDED ARTICLE OF
FIBER-REINFORCED PLASTIC

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2012-
187578 filed on Aug. 28, 2012, the contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a method and an
apparatus for impregnating a base fiber material with a liquid
resin to produce a molded article from a fiber-reinforced
plastic.

[0004] 2. Description of the Related Art

[0005] Fiber-reinforced plastics, which are composites
made of base fibers and resins, have been known as light-
weight high-strength materials. Molded articles produced
from such fiber-reinforced plastics have recently been used in
components for car bodies and airplanes.

[0006] Molded articles made from fiber-reinforced plastics
(hereinafter referred to as molded FRP articles) can be pro-
duced, for example, by an RTM (Resin Transfer Molding)
method. In the RTM method, as described in Japanese Laid-
Open Patent Publication No. 2002-192535, a base fiber mate-
rial is placed in a mold cavity, the mold is closed, gas in the
cavity is discharged, and then a liquid resin is supplied to the
cavity.

[0007] Incertain cases, a molded FRP article is required to
have a large thickness in excess of 10 mm, or a relatively high
fiber content of about 50% by volume. If such molded FRP
articles are produced using an RTM method, the base fiber
material exhibits a high resistance against flow of the liquid
resin. Therefore, the liquid resin may be spread insufficiently
over the base fiber material, so that the base fiber material is
insufficiently impregnated with the resin, thereby generating
an unimpregnated area. The molded FRP article with such an
unimpregnated area has insufficient strength and cannot be
used as a satisfactory product.

[0008] As is clear from the above, in the RTM method,
disadvantageously, it is difficult to produce a molded FRP
article having a large thickness or a high fiber content with
high yield.

[0009] Japanese Patent No. 4414801 proposes a technique
in which liquid resin is supplied to a cavity between lower and
upper molds during a process of changing the lower and upper
molds from an open state to a closed state. Thereafter, gas that
exists in an enclosed space formed by the lower and upper
molds is vented. As described in Japanese Patent No.
4414801, according to this technique, since the cavity is
placed under a negative pressure, the liquid resin can be
spread in a short time and the base fiber material can readily
be impregnated with the liquid resin.

SUMMARY OF THE INVENTION

[0010] With the techniques described in Japanese Laid-
Open Patent Publication No. 2002-192535 and Japanese
Patent No. 4414801, the liquid resin is spread under a reduced
pressure. Therefore, the liquid resin often is drawn into an
exhaust passage. Thus, the amount of liquid resin cannot be
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increased sufficiently in the production cavity, so that it
becomes difficult to prevent occurrence of an unimpregnated
area.

[0011] Furthermore, the drawn liquid resin may become
hardened in the exhaust passage. In this case, in a subsequent
molding, the inspiratory force is reduced due to the hardened
resin, and thus it is difficult to increase the degree of vacuum.
To solve this problem, a valve may be formed at the outlet of
the exhaust passage, and the valve may be closed after the gas
has been discharged. However, if the liquid resin has a low
viscosity, the liquid resin may be introduced and become
hardened inside the valve. In such a case, it is necessary to
take apart and clean or to replace the valve. The molding
method cannot be performed during such a procedure, and
therefore it is difficult to improve production efficiency of the
molded FRP article.

[0012] A principal object of the present invention is to
provide a method for producing a molded article of a fiber-
reinforced plastic, which is capable of preventing liquid resin
from being drawn into the exhaust passage, thereby improv-
ing production efficiency.

[0013] Another object of the present invention is to provide
a molding apparatus for producing a molded article of a
fiber-reinforced plastic.

[0014] According to an aspect of the present invention,
there is provided a molding apparatus comprising a lower
mold, an upper mold, and an exhaust unit for impregnating a
base fiber material with a liquid resin in a cavity defined
between the lower mold and the upper mold, in order to
produce a molded article of a fiber-reinforced plastic.

[0015] A first sealing member and a second sealing mem-
ber are disposed respectively on the lower mold and the upper
mold or both the first sealing member and the second sealing
member are disposed on the lower mold or the upper mold,
and at least one of the lower mold and the upper mold has an
exhaust passage.

[0016] When the upper mold is relatively lowered toward
the lower mold, the first sealing member is used to form an
enclosed space containing a production cavity between the
lower mold and the upper mold.

[0017] After formation of the enclosed space and when the
upper mold is relatively lowered further toward the lower
mold, the second sealing member is used to divide the
enclosed space into the production cavity and a sealed room.
The sealed room is formed between the first sealing member
and the second sealing member, and communicates with the
exhaust passage.

[0018] Prior to formation of the sealed room, a gas in the
enclosed space is discharged from the exhaust passage by the
exhaust unit.

[0019] In such a structure, prior to achievement of the
closed state, the enclosed space is formed between the lower
mold and the upper mold, and the gas in the enclosed space is
discharged. Thereafter, as the closing process progresses, the
enclosed space is divided into the sealed room and the pro-
duction cavity. Liquid resin is supplied to the production
cavity under a negative pressure, and the upper mold is
pressed against the liquid resin. Therefore, the liquid resin can
readily be spread over the entire base fiber material. Thus, a
molded FRP article having a large thickness or a high fiber
volume content can easily be produced.

[0020] In the case that the liquid resin is excessively sup-
plied above the base fiber material, the liquid resin is blocked
by the second sealing member. Therefore, the liquid resin can
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be prevented from leaking outside from the production cavity.
Thus, lack of liquid resin due to leakage thereof can be pre-
vented, and the occurrence of an unimpregnated area in the
molded FRP article can be prevented. Consequently, a
molded FRP article of satisfactory strength can be produced
with a high yield.

[0021] Furthermore, since the liquid resin is blocked by the
second sealing member, the liquid resin can be prevented
from being drawn into the sealed room and the exhaust pas-
sage that communicates with the sealed room. Thus, the resin
can be prevented from being discharged outside of the pro-
duction cavity, and a reduction in the inspiratory force in a
subsequent molding can be prevented.

[0022] Inaddition, even in the case that a valve is formed in
the exhaust passage, it is not necessary to take apart and clean
or to replace the valve. For these reasons, a greater number of
moldings can be performed per unit time, so that production
efficiency of the molded FRP articles can be improved.
[0023] Thus, in the present invention, molded FRP articles
having a large thickness or a high fiber volume content can be
produced efficiently with satisfactory strength and high yield.
[0024] The base fiber material may be placed in the pro-
duction cavity, which is divided by the second sealing mem-
ber.

[0025] The above structure preferably further comprises a
sealed room opening unit capable of opening the sealed room
to atmosphere by way of the exhaust passage. After the pro-
duction cavity and the sealed room are formed by the second
sealing member, the sealed room may be opened to atmo-
sphere (may be placed under atmospheric pressure), and
thereafter supply of the liquid resin may be carried out. In this
case, if the liquid resin cannot be blocked sufficiently due to
a defect in the second sealing member, the liquid resin is
pressed by atmospheric air due to the fact that the production
cavity is under a negative pressure.

[0026] Thus, in this case, liquid resin can further be effec-
tively prevented from being drawn into the sealed room and
the exhaust passage.

[0027] The sealed room opening unit preferably comprises
a three-way valve.

[0028] One of'the lower mold and the upper mold may have
a protruding portion, and another of the lower mold and the
upper mold may have a depressed insertion portion into
which the protruding portion is inserted. In this case, for
example, one of the first sealing member and the second
sealing member may be disposed on one of the protruding
portion and the insertion portion, whereas another of the first
sealing member and the second sealing member may be dis-
posed on another of the protruding portion and the insertion
portion.

[0029] Alternatively, both the first sealing member and the
second sealing member may be disposed on one of the pro-
truding portion and the insertion portion.

[0030] According to another aspect of the present inven-
tion, there is provided a molding method for impregnating a
base fiber material with a liquid resin in a cavity defined
between a lower mold and an upper mold, in order to produce
a molded article of a fiber-reinforced plastic.

[0031] Inthe above-described method, a first sealing mem-
ber and a second sealing member are disposed respectively on
the lower and the upper mold, or both the first sealing member
and the second sealing member are disposed on the lower
mold or the upper mold, and at least one of the lower mold and
the upper mold has an exhaust passage.
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[0032] The method comprises the steps of:

[0033] when the upper mold is relatively lowered toward
the lower mold, using the first sealing member to form an
enclosed space containing a production cavity between the
lower mold and the upper mold;

[0034] after formation of the enclosed space, discharging a
gas in the enclosed space from the exhaust passage;

[0035] after discharge of the gas in the enclosed space and
when the upper mold is relatively lowered further toward the
lower mold, using the second sealing member to divide the
enclosed space into the production cavity and a sealed room,
wherein the sealed room is formed between the first sealing
member and the second sealing member and communicates
with the exhaust passage;

[0036] after division of the enclosed space, supplying the
liquid resin to the production cavity;

[0037] pressing the lower mold or the upper mold against
the liquid resin in order to spread the liquid resin along the
base fiber material;

[0038] hardening the liquid resin, with which the base fiber
material has been impregnated, to thereby prepare the molded
article; and

[0039] releasing the molded article from the lower mold
and the upper mold.

[0040] In the present method, the above-described molded
FRP article having a large thickness or a high fiber volume
content can be produced efficiently with satisfactory strength
and high yield.

[0041] After formation of the sealed room, the sealed room
may be opened to atmosphere by way of the exhaust passage.
In this case, the liquid resin can easily be prevented from
being drawn into the sealed room and the exhaust passage.
[0042] The above and other objects, features and advan-
tages of the present invention will become more apparent
from the following description when taken in conjunction
with the accompanying drawings in which preferred embodi-
ments of the present invention are shown by way of illustra-
tive example.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] FIG. 1 is a schematic vertical cross-sectional view
of'a principal part of a fiber-reinforced plastic molding appa-
ratus in an open state according to an embodiment of the
present invention;

[0044] FIG. 2 is a schematic vertical cross-sectional view
of an enclosed space formed between a lower mold and an
upper mold during a process of changing the molds from the
open state shown in FIG. 1 to a closed state;

[0045] FIG. 3 is a schematic vertical cross-sectional view
of a sealed room and a production cavity formed by dividing
the enclosed space during a process of changing the molds
from the state shown in FIG. 2 to the closed state, while a
liquid resin is being supplied to the production cavity;
[0046] FIG. 4 is a schematic vertical cross-sectional view
of the liquid resin spread along a base fiber material in the
closed state;

[0047] FIG. 5 is a schematic vertical cross-sectional view
of' a molded FRP article prepared by impregnating the base
fiber material with the liquid resin;

[0048] FIG. 6 is a schematic vertical cross-sectional view
of the molded FRP article after being released from the
opened molds;
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[0049] FIG. 7 is a schematic vertical cross-sectional view
of'a principal part of a fiber-reinforced plastic molding appa-
ratus according to another embodiment;

[0050] FIG. 8 is a schematic vertical cross-sectional view
of'a principal part of a fiber-reinforced plastic molding appa-
ratus according to yet another embodiment; and

[0051] FIG. 9 is a schematic vertical cross-sectional view
of'a production cavity and a sealed room formed by dividing
an enclosed space during a process of changing an upper mold
from the state shown in FIG. 8 to a lowered state.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0052] A preferred embodiment of a molding method ofthe
present invention for producing a molded article of a fiber-
reinforced plastic (a molded FRP article) using the molding
apparatus of the present invention will be described in detail
below with reference to the accompanying drawings.

[0053] FIG. 1 is a schematic vertical cross-sectional view
of'a principal part of a fiber-reinforced plastic molding appa-
ratus 10 (hereinafter referred to simply as a molding appara-
tus 10) according to the present embodiment. The molding
apparatus 10 contains a lower mold 12 and an upper mold 14
as a molding tool. A production cavity 16 is formed between
the lower mold 12 and the upper mold 14 (see FIGS. 3 and 4).
InFIG. 1, the molding apparatus 10 is shown in an open state.
[0054] The lower mold 12 is a stationary mold, which is
fixed in a given position. The lower mold 12 is a so-called
female mold having a vertically extending depression (cavity
forming depression 18) defining a cavity therein. On an edge
of the upper surface of the lower mold 12, a protruding por-
tion 20, which extends toward the upper mold 14, is formed
around the cavity forming depression 18.

[0055] A first groove 22 is formed around the outer surface
of the protruding portion 20. A first sealing member 24 is
inserted into the first groove 22. A significant portion of the
first sealing member 24 protrudes from the first groove 22.
[0056] On the other hand, the upper mold 14 is a movable
mold, which can be lowered and raised (moved closer to and
away from the lower mold 12) by an elevating mechanism
(not shown). The upper mold 14 is a so-called male mold
having a protrusion (cavity forming protrusion 26) therein.
The cavity forming protrusion 26 is introduced into the cavity
forming depression 18 in a closed state. The production cavity
16 is formed when the cavity forming protrusion 26 is intro-
duced into the cavity forming depression 18 (see FIG. 4).
[0057] Theupper mold 14 further includes a column 28 and
a base 30. The cavity forming protrusion 26 is connected to
the base 30 by way of the column 28.

[0058] A surrounding wall 32, which extends toward the
lower mold 12, is formed on an edge of the lower surface of
the base 30. In the closed state, the outer surface of the
protruding portion 20 is surrounded by the surrounding wall
32. Therefore, in the closed state, a relatively depressed inser-
tion portion 34 is formed between the column 28 and the
surrounding wall 32. Thus, the insertion portion 34 is formed
by a side surface of the column 28, a lower surface of the base
30, and an inner surface of the surrounding wall 32.

[0059] A second groove 36 is formed around the side sur-
face of the column 28 (i.e., on the insertion portion 34). A
second sealing member 38 is inserted into the second groove
36. A significant portion of the second sealing member 38
protrudes from the second groove 36, in the same manner as
the first sealing member 24.
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[0060] As will be described hereinafter, the protruding por-
tion 20 is inserted into the insertion portion 34. Then, the first
sealing member 24 is brought into contact with the inner
surface of the surrounding wall 32, and the second sealing
member 38 is brought into contact with the inner surface of
the protruding portion 20 (see FIG. 3). As a result, a room
which is separated from the production cavity 16 (hereinafter
referred to as a sealed room 40) is formed between the first
sealing member 24 and the second sealing member 38.

[0061] The base 30 has an exhaust passage 42 that commu-
nicates with the sealed room 40. The exhaust passage 42 is
connected with an exhaust tube 44. A three-way valve 46 and
apump (exhaust unit) 48 are arranged on the exhaust tube 44
in this order from the exhaust passage 42.

[0062] The three-way valve 46 is further connected such
that an open tube 50 thereof is opened to atmosphere. Thus,
the three-way valve 46 acts to switch between a flow path that
communicates with the pump 48 and a flow path in commu-
nication with atmosphere. When the flow path that commu-
nicates with the pump 48 is selected, gas in an enclosed space
52, which will be described later, is discharged by the pump
48 (see FIG. 2). On the other hand, when the flow path in
communication with atmosphere is selected, the sealed room
40 is opened to atmosphere. Thus, the three-way valve 46 acts
as a sealed room opening and closing unit. One of the three
ports in the three-way valve 46 may be opened basically to
atmosphere without going through the open tube 50.

[0063] Theuppermold14 hasa runner 54 that extends from
the base 30, through the column 28, and to the cavity forming
protrusion 26. The runner 54 functions as a supply channel for
supplying liquid resin 62 from an injector 56 to the production
cavity 16 (see FIG. 3).

[0064] The molding apparatus 10 according to the present
embodiment is constructed basically as described above.
Operations and advantages of the molding apparatus 10 will
be described below, in relation to an FRP molding method
according to the present embodiment.

[0065] AsshowninFIG. 1, while the molding apparatus 10
is maintained in an open state, a base fiber material 60 for
forming a molded FRP article 64 (see FIG. 5) is placed in the
cavity forming depression 18. During this step, the lower
mold 12 and the upper mold 14 are separated from each other,
and a space, which is opened to atmosphere, is formed
between the lower mold 12 and the upper mold 14. Further,
during this step, the three-way valve 46 is closed.

[0066] Next, the elevating mechanism is driven in order to
lower the upper mold 14 toward the lower mold 12. In the
lowering step, the inner surface of the surrounding wall 32 in
the upper mold 14 faces toward the outer surface of the
protruding portion 20 in the lower mold 12. When the inner
surface of the surrounding wall 32 comes into contact with the
first sealing member 24, the gap between the protruding por-
tion 20 and the surrounding wall 32 is sealed by the first
sealing member 24. As a result, the enclosed space 52, which
is shielded from atmosphere, is formed between the lower
mold 12 and the upper mold 14. As is clear from FIGS. 2 to 4,
the enclosed space 52 includes the production cavity 16 and
the sealed room 40 in a connected state.

[0067] After the enclosed space 52 is formed in this man-
ner, the pump 48 is driven, and the three-way valve 46 is
operated to select the flow path that communicates with the
pump 48. Thus, the exhaust tube 44 communicates with the
enclosed space 52, so that air in the enclosed space 52 can be
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discharged by the pump 48. Consequently, the inner pressure
of'the enclosed space 52 is reduced to a negative pressure of
about 50 to 100 kPa.

[0068] The upper mold 14 also is lowered continuously
while the air in the enclosed space 52 is discharged. There-
fore, as shown in FIG. 3, the cavity forming protrusion 26 is
introduced into the cavity forming depression 18, and moves
closer toward the base fiber material 60. In addition, the
protruding portion 20 moves closer toward the insertion por-
tion 34, so that the inner surface of the protruding portion 20
confronts the side surface of the column 28. Thus, the mold-
ing apparatus 10 is brought further in proximity to the closed
state.

[0069] When the inner surface of the protruding portion 20
comes into contact with the second sealing member 38, the
gap between the protruding portion 20 and the column 28 is
sealed by the second sealing member 38. Meanwhile, the gap
between the protruding portion 20 and the surrounding wall
32 is maintained in a sealed state by the first sealing member
24. Therefore, the sealed room 40 is formed between the first
sealing member 24 and the second sealing member 38. As
shown clearly in FIG. 3, the sealed room 40 is separated from
the production cavity 16 by the second sealing member 38. In
other words, the enclosed space 52 is divided into the sealed
room 40 and the production cavity 16, and the sealed room 40
and the production cavity 16 are separated from each other.

[0070] At this point, the three-way valve 46 is closed, and
the pump 48 is deactivated to stop discharge of air from the
enclosed space 52. The time at which the sealed room 40 is
formed can be calculated from the lowering speed of the
upper mold 14 and the positions of the first sealing member 24
and the second sealing member 38. The timing at which
discharge of air is stopped may be selected based on the
calculated time.

[0071] Next, the liquidresin 62 is supplied from the injector
56. Preferred examples of the liquid resin 62 include e-capro-
lactam resins and epoxy resins. In the event that e-caprolac-
tam resin is used, a catalyst or an activator may be supplied
simultaneously therewith. Examples of suitable catalysts
include alkali metals such as sodium, alkaline-earth metals,
and oxides, hydroxides, and hydrides thereof. Examples of
suitable activators include isocyanates, acyl-lactams, isocya-
nurate derivatives, acid halides, and carbamide lactams.

[0072] In the event that an epoxy resin is used, a hardener
may be supplied simultaneously therewith. Examples of suit-
ablehardeners include acid anhydrides, aliphatic polyamines,
amide-amines, polyamides, Lewis bases, and aromatic
polyamines.

[0073] The liquid resin 62 moves through the runner 54 and
is introduced into the production cavity 16 from the end of the
cavity forming protrusion 26. The liquid resin 62 is injected
under a predetermined pressure by the injector 56, and flows
comparatively easily between the base fiber material 60 and
the cavity forming protrusion 26. When the amount of
injected liquid resin 62 reaches a predetermined level, injec-
tion of the liquid resin 62 is stopped.

[0074] Before, after, or during the same time that injection
of the liquid resin 62 is stopped, the three-way valve 46 is
operated to select the flow path that is in communication with
atmosphere. Thus, the open tube 50 is connected with the
sealed room 40, so that the sealed room 40 is opened to
atmosphere. Consequently, the internal pressure of the sealed
room 40 increases to atmospheric pressure.
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[0075] Upon further lowering of the upper mold 14, the
molding apparatus 10 is changed to the closed state, as shown
in FIG. 4. In the closed state, the protruding portion 20 is
introduced or is inserted into the insertion portion 34. Mean-
while, the cavity forming protrusion 26 is introduced further
into the cavity forming depression 18 and presses against the
liquid resin 62. As aresult of being pressed thereby, the liquid
resin 62 expands (spreads) along the base fiber material 60.
Since the liquid resin 62 is pressed by the cavity forming
protrusion 26 (the upper mold 14) while the production cavity
16 is kept under a negative pressure, the liquid resin 62 can
easily be spread.

[0076] In the present embodiment, during the process of
changing from the open state (see FIG. 1) to the closed state
(see FIG. 4), the inner pressure of the enclosed space 52
containing the production cavity 16 is reduced to a negative
pressure. After formation of the production cavity 16 and
prior to achievement of the closed state, the liquid resin 62 is
supplied to the production cavity 16. Therefore, in the closed
state, the liquid resin 62 in the production cavity 16, which is
under a negative pressure, is pressed by the upper mold 14
(the cavity forming protrusion 26). Thus, the liquid resin 62
can be spread sufficiently, and consequently, the liquid resin
62 can be distributed entirely over the base fiber material 60.
[0077] Inthe present embodiment, since the liquid resin 62
can be spread sufficiently, a molded FRP article 64 (shown in
FIG. 5) having a relatively large thickness or a relatively high
fiber volume content can be produced.

[0078] The second sealing member 38 is located between
the sealed room 40 and the production cavity 16. Therefore,
even in the case that an excessive amount of liquid resin 62 is
supplied above the base fiber material 60, the liquid resin 62
can eventually be blocked by the second sealing member 38.
[0079] In the present embodiment, as described above, the
inner pressure of the sealed room 40 is increased to atmo-
spheric pressure, while the production cavity 16 remains in a
negative pressure state. The inner pressure of the sealed room
40 differs from and is higher than that of the production cavity
16. Therefore, even in the event that liquid resin 62 cannot be
blocked sufficiently due to a defect in the second sealing
member 38, the liquid resin 62 is pressed into the sealed room
40 by atmospheric air. Thus, liquid resin 62 can be prevented
from being introduced into the sealed room 40.

[0080] As described above, according to the present
embodiment, leakage of liquid resin 62 to the outside from the
production cavity 16 can be prevented. Therefore, liquid resin
62 can be prevented from being introduced into the sealed
room 40, the exhaust passage 42, the exhaust tube 44, or the
three-way valve 46. Consequently, a reduction in the inspira-
tory force in a subsequent molding can be prevented.

[0081] In addition, in the present embodiment, there is no
need to take apart and clean the three-way valve 46 or to
replace the three-way valve 46. Therefore, the molding
method can be carried out repeatedly without interruptions.
Thus, molding can be performed more frequently per unit
time, whereby production efficiency of the molded FRP
article 64 can be improved.

[0082] The liquid resin 62, which has been spread in the
foregoing manner, permeates the fibers in the base fiber mate-
rial 60. As shown in FIG. 5, the base fiber material 60 is
impregnated with the liquid resin 62. Then, at a predeter-
mined time, the liquid resin 62 becomes hardened. Conse-
quently, the molded FRP article 64 having a desired shape is
produced.
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[0083] Thereafter, as shown in FIG. 6, the upper mold 14 is
raised by the elevating mechanism, whereby the molding
apparatus 10 is returned to the open state. Then, the molded
FRP article 64 is released from the molding apparatus 10.
Stated otherwise, so-called demolding is carried out. For
example, during this step, an ejector pin (not shown) or the
like may be used.

[0084] As described above, the liquid resin 62 remains in
the production cavity 16, and is prevented from being drawn
into the exhaust passage 42. Therefore, leakage of liquid resin
62 to the outside from the production cavity 16 can be pre-
vented. Further, lack of liquid resin 62 due to leakage thereof
can be prevented, and the occurrence of an unimpregnated
area in the molded FRP article 64 can be avoided. Conse-
quently, a molded FRP article having satisfactory strength
can be produced.

[0085] Thus, in the present embodiment, a molded FRP
article 64 having a large thickness or a high fiber volume

content can be produced efficiently with satisfactory strength
and high yield.

[0086] The present invention is not limited to the above
embodiment. Various changes and modifications may be
made to the embodiment without departing from the scope of
the invention.

[0087] For example, a two-way valve may be used instead
of the three-way valve 46. In this case, the step of supplying
the liquid resin 62 and subsequent steps thereafter may be
carried out without opening the sealed room 40 to atmo-
sphere.

[0088] In contrast to the aforementioned embodiment, the
first sealing member 24 and the second sealing member 38
may be disposed respectively on the upper mold 14 and the
lower mold 12. Alternatively, both the first sealing member 24
and the second sealing member 38 may be disposed on one of
the lower mold 12 and the upper mold 14.

[0089] An alternative example is shown in FIG. 7. In this
example, in a molding apparatus 70, a lower mold 72 is used
as a male mold, and an upper mold 74 is used as a female
mold. To facilitate understanding, other components shown
in FIG. 7 are represented by the same reference numerals as
used in FIGS. 1 to 6.

[0090] Asshownclearly in FIG. 7, inthe molding apparatus
70, the first sealing member 24 is disposed on the outer
surface of the protruding portion 20 in the upper mold 74, and
the second sealing member 38 is disposed on the inner surface
thereof. Furthermore, the exhaust passage 42, which commu-
nicates with the sealed room 40, is formed in the lower mold
12.

[0091] Another example is shown in FIG. 8. In this
example, in a molding apparatus 80, a lower mold 82 is used
as a female mold, and an upper mold 84 is used as a male
mold. To facilitate understanding, other components of the
molding apparatus 80 are represented by the same reference
numerals as used in FIGS. 1 to 6, as well as in FIG. 7.

[0092] In FIG. 8, the enclosed space 52 is formed by the
first sealing member 24. In this state, air in the enclosed space
52 is discharged by the pump 48. As shown in FIG. 9, the
upper mold 84 is lowered continuously, and the enclosed
space 52 is divided by the second sealing member 38 into the
production cavity 16 and the sealed room 40. Thereafter, the
liquid resin 62 is injected from the injector 56 into the pro-
duction cavity 16.
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[0093] The exemplary molding apparatuses 70 and 80 can
also be used in the molding method, in the same manner as the
aforementioned molding apparatus 10.

What is claimed is:

1. A molding apparatus comprising a lower mold, an upper
mold, and an exhaust unit, for impregnating a base fiber
material with a liquid resin in a cavity defined between the
lower mold and the upper mold, in order to produce a molded
article of a fiber-reinforced plastic,

wherein:

a first sealing member and a second sealing member are
disposed respectively on the lower mold and the upper
mold, or both the first sealing member and the second
sealing member are disposed on the lower mold or the
upper mold;

at least one of the lower mold and the upper mold has an
exhaust passage;

when the upper mold is relatively lowered toward the lower
mold, the first sealing member is used to form an
enclosed space containing a production cavity between
the lower mold and the upper mold;

after formation of the enclosed space and when the upper
mold is relatively lowered further toward the lower
mold, the second sealing member is used to divide the
enclosed space into the production cavity and a sealed
room, the sealed room being formed between the first
sealing member and the second sealing member and
communicating with the exhaust passage; and

prior to formation of the sealed room, a gas in the enclosed
space is discharged from the exhaust passage by the
exhaust unit.

2. The molding apparatus according to claim 1, wherein the
base fiber material is placed in the production cavity, which is
divided by the second sealing member.

3. The molding apparatus according to claim 1, further
comprising a sealed room opening unit capable of opening
the sealed room to atmosphere by way of the exhaust passage.

4. The molding apparatus according to claim 3, wherein the
sealed room opening unit comprises a three-way valve.

5. The molding apparatus according to claim 1, wherein:

one of the lower mold and the upper mold has a protruding
portion;

another of the lower mold and the upper mold has a
depressed insertion portion into which the protruding
portion is inserted;

one of the first sealing member and the second sealing
member is disposed on one ofthe protruding portion and
the insertion portion; and

another of the first sealing member and the second sealing
member is disposed on another of the protruding portion
and the insertion portion.

6. The molding apparatus according to claim 1, wherein:

one of the lower mold and the upper mold has a protruding
portion;

another of the lower mold and the upper mold has a
depressed insertion portion into which the protruding
portion is inserted; and

both the first sealing member and the second sealing mem-
ber are disposed on one of the protruding portion and the
insertion portion.

7. A molding method for impregnating a base fiber material
with a liquid resin in a cavity defined between a lower mold
and an upper mold, in order to produce a molded article of a
fiber-reinforced plastic,
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wherein:

a first sealing member and a second sealing member are
disposed respectively on the lower mold and the upper
mold, or both the first sealing member and the second
sealing member are disposed on the lower mold or the
upper mold; and

at least one of the lower mold and the upper mold has an
exhaust passage; and

the method comprises the steps of:

when the upper mold is relatively lowered toward the lower
mold, using the first sealing member to form an enclosed
space containing a production cavity between the lower
mold and the upper mold;

after formation of the enclosed space, discharging a gas in
the enclosed space from the exhaust passage,

after discharge of the gas in the enclosed space and when
the upper mold is relatively lowered further toward the
lower mold, using the second sealing member to divide
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the enclosed space into the production cavity and a
sealed room, wherein the sealed room is formed between
the first sealing member and the second sealing member
and communicates with the exhaust passage;
after division of the enclosed space, supplying the liquid
resin to the production cavity;
pressing the lower mold or the upper mold against the
liquid resin in order to spread the liquid resin along the
base fiber material;
hardening the liquid resin, with which the base fiber mate-
rial has been impregnated, to thereby prepare the molded
article; and
releasing the molded article from the lower mold and the
upper mold.
8. The molding method according to claim 7, wherein after
formation of the sealed room, the sealed room is opened to
atmosphere by way of the exhaust passage.
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