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Description

TECHNICAL FIELD

[0001] The present invention relates to a molding method and a molding device for manufacturing a molded article of
a fiber-reinforced plastic having a closed cross-section by using a core and by heating and pressurizing a prepreg made
by impregnating fiber with a resin.

BACKGROUND ART

[0002] A fiber-reinforced plastic molded article having a closed cross-section is widely used in a range from large
molded articles such as the body or wings of an aircraft to small molded articles such as a bicycle frame, a tennis racket,
a fishing rod, and a golf shaft. In addition, a fiber-reinforced plastic molded article having an open cross-section is widely
used for helmets and the like.
[0003] As a core for forming the closed cross-section, a core formed into a predetermined shape by wrapping a group
of powder particles and/or a group of grains (hereinafter, a powder grain group) in a packaging film and vacuum-packaging
the result, a core using a molded product formed by blow molding, and the like are used. A method for molding a molded
product using a core which is made by having a vacuum-packaged powder grain group formed into a predetermined
shape is disclosed in, for example, JP 2-238912 A (Patent Document 1). In addition, the core formed by the blow molding
is used in a method for manufacturing a multilayer plastic molded product disclosed, for example, in JP 7-100856 (Patent
Document 2).
[0004] The invention described in Patent Document 1 will be described with reference to Figs. 12 to 14 as Conventional
Example 1 related to the method for molding a fiber-reinforced plastic molded article having a closed cross-section
according to the present invention. Figure 12 illustrates an intermediate state in the process of manufacturing a molded
article having a hollow portion which is one type of closed cross-section by using a mold 30. That is, a sheet-like lower
fiber-reinforced thermoplastic resin material (hereinafter, referred to as lower FRTP) 34 which has been pre-heated into
a molten state is placed on the lower mold 31 of the mold 30. Since the lower FRTP 34 is in the molten state, the lower
FRTP 34 is hung and depressed in a concave portion of the lower mold 31 by its own weight.
[0005] A core 33 formed by wrapping a powder grain group 33a in a packaging material 33b and solidifying the result
into a predetermined shape by vacuum packaging is placed in the concave portion of the lower FRTP 34. On the upper
portion of the lower FRTP 34 in which the core 33 is placed, another sheet-like fiber-reinforced thermoplastic resin
material (hereinafter, referred to as upper FRTP) 35 which has been heated to be in a molten state is placed. In this
state, the periphery of the core 33 is in a state of being enclosed by the lower FRTP 34 and the upper FRTP 35.
[0006] The upper mold 32 of the mold 30 is lowered from this state to heat and cure the lower FRTP 34 and the upper
FRTP 35 between the upper mold 32 and the lower mold 31 such that the lower FRTP 34 and the upper FRTP 35 are
integrally molded in a state of accommodating the core 33 therein. In order to discharge the core 33 from the semi-
finished product produced here, one or more small holes which communicate with the inside of the core 33 are bored
through the semi-finished product. When the holes are bored through the semi-finished product, air infiltrates into the
powder grain group 33a of the vacuum-packaged core 33 and the binding of the powder grain group 33a is loosened.
[0007] In addition, at least the powder grain group 33a included in the core 33 is discharged to the outside of the semi-
finished product through the holes bored through the semi-finished product, thereby completing a molded article. If the
packaging material 33b in which the powder grain group 33a is packaged is made of a material having good releasability
from the molded article, the packaging material 33b can be released leaving the hollow portion of the molded article.
[0008] The invention described in Patent Document 2 will be described with reference to Fig. 15 as Conventional
Example 2 related to the present invention. Figure 15 illustrates a state where a core 43 molded by blow molding is set
between molds 41a and 41b used for forming an outer layer. As illustrated in Fig. 15, the molds 41a and 41b are
configured to accommodate the core 43 therein, and when the molds 41a and 41b are closed, a cavity as a hollow
portion is formed to be filled with a molten resin between respective molding surfaces 42a and 42b of the molds 41a
and 41b and the core 43.
[0009] Molten resin 45 which is plasticized by an extruder 44 is supplied into the cavity. By supplying the molten resin
45 into the cavity in the molds 41a and 41b in the closed state, a product having a hollow portion and desired shape can
be molded by integrating the core 43with the molten resin on the core 43. However, in a case where the heat resistance
of the core 43 is low compared to the temperature of the molten resin or in a case where the thickness of the core 43 is
small, the core 43 may be deformed in the molding process by the pressure applied to the core 43 in the process. In
addition, in a case a wide flat part is present as the shape of the core 43, the rigidity of the flat part is likely to be insufficient,
and thus the core 43 may be deformed.
[0010] In order to prevent the deformation of the core 43, in the invention described in Patent Document 2, a config-
uration in which the internal pressure of the core 43 can be increased is employed. As a configuration for this, a pressurizing
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unit 46 which communicates with the inside of the core 43 is provided, and pressurized gas or liquid is introduced into
the core 43 from the pressurizing unit 46 to increase the internal pressure of the core 43 and prevent the deformation
thereof.
[0011] On the other hand, a method for molding a fiber-reinforced plastic molded article having an open cross-section
is disclosed in, for example, JP 4118685 B1 (Patent Document 3). Figure 16 corresponds to a figure attached to Patent
Document 3. In the molding method, a mold assembly 57, in which a fiber-reinforced plastic material (composite layup)
is disposed between one or more pair(s) of separated mold parts 57a and 57b which form a mold cavity for the fiber-
reinforced plastic molded body, is disposed to be interposed between a pair of elastically-deformable chamber walls 55
and 55 which are fixed to the first and the second pressure chambers 51 and 52 to oppose each other. Fluid heated
and pressurized to predetermined levels is circulated through the first and second pressure chambers 51 and 52. Each
pair of mold parts 57a and 57b respectively correspond to a so-called a pair of male and female molds in typical molding.
[0012] The mold assembly 57 is heated and pressurized by the circulating fluid heated and pressurized to required
levels via the respective chamber walls 55 and 55 of the first and second pressure chambers 51 and 52. During the
heating and pressurizing, the pressure chambers 51 and 52 hold a state in which the elastically-deformable chamber
walls 55 and 55 are arranged, and the fiber-reinforced plastic material is compressed via the mold parts 57a and 57b
and cured, thereby a fiber-reinforced plastic structure is molded.

CITATION LIST

PATENT DOCUMENT

[0013]

Patent Document 1: JP 2-238912 A
Patent Document 2: JP 7-100856 A
Patent Document 3: JP 4118685 B1

[0014] Further, JP 2012 187 730 A discloses a method for molding fiber-reinforced plastic wherein a mold interval
holding means is started when the upper mold is moved down using a core packaging particles with a stretchable
packaging material, to pressurize the prepreg with the lower mold for compression molding, to prevent the upper mold
from moving upward by a pair of right and left press members. A piston rod provided in the lower mold is protruded into
a cavity to press a part of the core. The core is deformed while fluidizing the particles of the core by being pressed with
the piston rod, to eliminate the gap between the core and the prepreg. The molded product of high quality having no
internal void can be obtained.
[0015] US 2003/0034588 A1 discloses a method for manufacturing a structural body comprising: a structural body
formation step of forming the structural body by combining a plurality of constituent members through a bonding adhesive;
a closed space formation step of disposing the structural body into a pressurizing or heating unit, forming a closed space
with at least one of the structural body and the pressurizing or heating unit, and charging an elastic body into the closed
space; a hardening step of fixing or hardening the bonding adhesive through the elastic body by the pressurizing or
heating unit; and a discharge step of discharging the elastic body from the closed space.

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0016] However, in the invention disclosed in Patent Document 1, in a state where the core 33 is interposed between
the lower FRTP 34 and the upper FRTP 35, the lower FRTP 34 and the upper FRTP 35 are pressurized between the
upper mold 32 and the lower mold 31 by lowering the upper mold 32. However, when the core 33 is placed in the concave
portion formed in the lower FRTP 34, which has been formed by being depressed into the concave portion of the lower
mold 31, and/or when the core 33 is covered with the upper FRTP 35 from above, voids are formed between the corner
portions of the concave portion of the lower mold 31 and the lower FRTP 34 and/or between the core 33 and the lower
and upper FRTPs 34 and 35.
[0017] When the heating and pressurizing is performed with the upper mold 32 and the lower mold 31 in the state
where the voids remain, the lower FRTP 34 and the upper FRTP 35 cannot be sufficiently supported by the core 33
from the inside, and particularly, in a part of the lower FRTP 34 formed along the same direction as the vertical direction
in which the upper mold 32 moves, that is, in a vertical part, a change in thickness occurs. Moreover, the shape of the
outer surface of the lower FRTP 34 may not be formed into the shape that follows the shape of the corner portion of the
concave portion of the lower mold 31, resulting in wrinkles which may appear in the outer surfaces, or in buckled shapes



EP 3 109 024 B1

4

5

10

15

20

25

30

35

40

45

50

55

in the vertical direction. Or, the vertical part may be molded in a compressed state in which the length thereof is shorter
than the specified length, resulting in the degradation of dimensional accuracy of products.
[0018] Particularly, when the lower FRTP 34 and the upper FRTP 35 are made of a long fiber reinforced resin material
using long fibers, in a case where pressure molding is performed while voids are present between the core 33 and the
lower and upper FRTPs 34 and 35 or between the upper and lower molds 32 and 31 and the lower and upper FRTPs
34 and 35, the fiber orientation of the long fibers is disordered and bends thereof occur, resulting in degradation of the
strength as the fiber-reinforced plastic and deterioration of the appearance of the molded products.
[0019] These problems are described in more detail using Figs. 13 and 14 which schematically illustrate the configu-
ration of Conventional Example 1. In Figs. 13 and 14 the above-mentioned vertical parts are denoted by reference
numeral 37. The state in which an annular prepreg 36 having the core 33 disposed therein is accommodated in the
concave portion formed in the lower mold 31 and in which the upper mold 32 has been lowered toward the lower mold
31 is illustrated in the Figs. 13 and 14.
[0020] In Fig. 14, a configuration in which a reinforcing rib 39 at the center portion of the prepreg 36 is added to the
configuration of the prepreg 36 illustrated in Fig. 13 is illustrated. Other configurations are the same as those of Fig. 6.
[0021] As illustrated in Figs. 13 and 14, the prepreg 36 is interposed between the upper mold 32 and the lower mold
31 to be heated and pressurized, thereby molding a semi-finished product. In addition, holes are bored through the semi-
finished product and a powder grain group included in the core 33 is discharged to the outside through the holes bored
through the semi-finished product, thereby completing a hollow molded article.
[0022] However, in the case the core 33 is placed in the concave portion formed in the prepreg 36 accommodated in
the lower mold 31, voids are easily formed between the outer surface of the core 33 and the inner circumferential surface
of the prepreg 36, for example, in a case where the semi-finished product is to be shaped into a shape having angular
portions. Particularly, when some space is provided between the mold and the prepreg 36 in order to smoothly insert
the prepreg 36 into the mold, the space may cause voids between the corner portions of a molding surface and the
prepreg 36.
[0023] Here, when the prepreg 36 is heated and pressurized by lowering the upper mold 32 toward the lower mold
31, winkles and bends may occur in the vertical part 37 of the prepreg 36 in the vertical direction due to the influence of
the voids, and thus the angular portions of the outer surface side of the prepreg 36 may not be formed into a desired
right-angled shape i.e. the prepreg 36 in the mold may remain to be not charged, resulting in the formation of voids
between the molded product and the molding surface of the mold.
[0024] Particularly in the case the amount of the powder grain group included in the core 33 is small, voids may also
be formed between the prepreg 36 and the core 33, and bends may occur in the vertical part 37 of the prepreg 36. In
addition, as illustrated in Figs. 13 and 14, a portion of the vertical part 37 is deformed into a shape that is curved toward
the core 33. Moreover, in a case where the fluidity of the powder grain group included in the core 33 is low, the influence
of the deformation becomes significant. Even if some portion of the vertical part 37 illustrated in Fig. 14 is not deformed
to be curved toward the core 33, the vertical part 37 may be compressed making the length thereof shorter than the
specified length.
[0025] Furthermore, as illustrated in Fig. 14, in a case of a configuration provided with the reinforcing rib 39, when the
prepreg 36 is pressurized with the upper mold 32 and the lower mold 31, the rib 39 is deformed into a further curved
shape due to the movement of the cores 33 on both sides. Then, in the deformed states as illustrated in Figs. 13 and
14, the molded products become defective products.
[0026] In the invention described in Patent Document 1, in order not to produce defective products, enhancement of
the precision in preforming the prepreg 36 and/or pre-forming of the core 33 into a desired shape is necessary so that
no void is formed between the prepreg 36 and the core 33. However, configuring the core 33 by measuring the amount
of powder grain group precisely to the required amout, forming the shape thereof into the desired shape, and then
bringing the prepreg 36 into close contact with the core 33 to allow the shape of the external form of the prepreg 36 to
follow the inner surface shape of the mold needs much time and effort due to the instability of the shape of the powder
grain group that is not completely fixed and of the uncured prepreg.
[0027] In the inventions described in Patent Documents 2 and 3, the internal pressure of the core 43 or the chamber
walls 55 and 55 may be increased by introducing the pressurized gas or liquid. The pressurized gas or liquid has a
physical property in which pressures at an arbitrary point become the same pressure in all directions. Therefore, when
a portion of the gas or liquid pressurized to increase to the internal pressure leaks from the core 43 or the chamber walls
55 and 55, the leaking gas or liquid becomes a high-speed and high-pressure jet stream and is ejected to the outside
through the gap between the molds 41a and 41b or between the pressure chambers 51 and 52 while being in a high
temperature state. In these cases, particularly in the case in which the liquid is ejected, the periphery of the mold or the
pressure chambers may be significantly damaged or the safety of an operator may be damaged. Therefore, a facility
considering sufficient safety measures is needed.
[0028] As described above, in the molding method and the molding device of the fiber-reinforced plastic having a
closed cross-section or an open cross-section according to the related art represented by the inventions described in
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Patent Documents 1 to 3, although the heating and pressurizing methods vary, a pair of male and female molds (and/or
pressure chambers) are used, and by moving one or both thereof in the pressurizing direction, the molding material
such as the prepreg or the layup material interposed between the pair of molds is heated and pressurized.
[0029] However, as in the invention disclosed in Patent Documents 1 and 2 described above, typically, for example,
a hydraulic cylinder which can bear a typically required internal pressure of the mold cavity is used in an operation of
opening and closing the upper molds 32 and 41b which are movable, and thus the extension and retraction distances
thereof are controlled to maintain the interval between the upper mold and the lower mold to be constant during the
molding. However, due to the increase in the internal pressure of the core during the molding, it becomes difficult to
maintain the position of the upper mold at a constant position against an increase in the pressing force by the prepreg
on the inner surface of the upper mold, that is, it becomes difficult to maintain the interval between the upper mold and
the lower mold to be constant. As a result, predetermined dimensions are not obtained for the molded products, and the
dimensions of the products vary, resulting in a reduction in yield.
[0030] Furthermore, the manufacturing cost of the mold itself used for the molding is extremely high, and the mold
has to be changed whenever the shape of the molded article is changed, which significantly affects the molding cost.
In addition, particularly regarding the molded article having an open cross-section, in many cases, the inner surface side
does not require excellent appearance and accuracy although the outer surface side requires excellent appearance and
accuracy.
[0031] The present invention solves the above-described problems in the related art, and an object thereof is to provide
a method for molding a fiber-reinforced plastic capable of uniformly increasing pressure applied to a prepreg (layup
material) without using gas or liquid when a molded article having a closed cross-section or an open cross-section is
molded using a molding die, preventing a portion of media constituting a core from leaking from the molding die even
in a case where a pressure is applied to the core or where a typical molding die is used, and performing molding by
using a typical molding die as a molding die on a side where a cavity having excellent appearance and accuracy is
required and using a mold which can be shared and has a high degree of freedom in changing shapes as a mold on a
side where a slight degradation of the appearance and accuracy is allowed.

MEANS FOR SOLVING PROBLEM AND EFFECT

[0032] A method according to the present invention is defined by claim 1. Dependent claims relate to preferred em-
bodiments.
[0033] The first basic configuration of a method for molding a fiber-reinforced plastic of the present invention is a
method for molding a fiber-reinforced plastic including: forming a core having a desired shape by accommodating a
grain group containing a plurality of grains in a flexible bag; disposing a prepreg containing a resin and fiber in a periphery
of the core; disposing the core and the prepreg disposed in the periphery of the core between an upper mold and a lower
mold of a molding die; and performing compression molding by closing the molding die, wherein the grain group includes
a first grain group (a) and a second grain group (b) having different grain diameters, and the ratio Da/Db of the diameter
Da of the first grain group (a) to the diameter Db of the second grain group (b) is characterized in that Da/Db is equal
to or higher than 1.1 and equal to or less than 2.0.
[0034] In this configuration, it is preferable that holding the upper mold and the lower mold by mold interval holding
means so as not to cause the interval therebetween to be increased; pressing a portion of one of outer surfaces of the
core to increase an internal pressure of the core and deform the core by pressing means which comes into and out of
the cavity between the upper mold and the lower mold; and increasing cohesion between the prepreg, the mold, and
the core by the pressing and the deformation of the core be included, and it is preferable that completely restricting an
upward movement of the upper mold by moving the mold interval holding means disposed in left and right side portions
of the upper mold by a predetermined amount in a direction in which the mold interval holding means approach each
other be included. In addition, left and right side surfaces of the upper mold and abutting surfaces of the mold interval
holding means may be formed as wedge-shaped sliding surfaces.
[0035] In addition, it is preferable that grain diameters of the grain group accommodated in the flexible bag be not
uniform. Furthermore, regarding a molded product molded by compression molding, in which a portion of one of outer
circumferential surfaces of the core is pressed, the part of the molded product through which the portion of the outer
circumferential surface of the core was pressed may serve as a formation part of a discharge hole through which the
grain group is discharged from the molded product. Appropriately, pressing the portion of one of outer surfaces of the
core by inserting a rod into the cavity of the molding die is included, the rod is preferably a piston rod, and the grain
group may well be discharged to outside of the molded product through the insertion position of the rod after the
compression molding.
[0036] In addition, it is preferable that the ratio of the total amount of the second grain group (b) to the total amount
of the grain group accommodated in the flexible bag be in a range of 20 to 60 mass%, and
holding the upper mold and the lower mold by mold interval holding means so as not to cause the interval therebetween
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to be increased; pressing a portion of one of surfaces of the core to increase an internal pressure of the core and deform
the core by pressing means which comes into and out of the cavity between the upper mold and the lower mold; and
increasing cohesion between the prepreg, the molding die, and the core by the pressing and the deformation of the core
may be included. In addition, the grain group preferably includes high rigidity grains of φ0.1 mm to φ10 mm, and particularly
preferably includes high rigidity grains of φ0.5 mm to φ2 mm.
[0037] It is preferable that the flexural modulus of the high rigidity grain be equal to or higher than 50,000 MPa, and
it is preferable that a ceramic grain be used as the high rigidity grain. It is preferable that the upper mold and the lower
mold be held by mold interval holding means so as not to cause the interval therebetween to be increased, a portion of
one of outer surfaces of the core be pressed to increase internal pressure of the core and deform the core by pressing
means which comes into and out of the cavity between the upper mold and the lower mold, and cohesion between the
prepreg, the molding die, and the core be increased by the pressing and the deformation of the core.
[0038] In addition, a method for molding a fiber-reinforced plastic of the present invention having the second basic
configuration includes: interposing a prepreg containing a resin and fiber between an one-sided mold having a molding
surface for molding one side surface of a molded product and a deforming mold having a desired shape that accommo-
dates a grain group containing a plurality of rigid grains in a flexible bag; pressing the prepreg between the one-sided
mold and the deforming mold with a desired pressing force by applying the pressing force to the one-sided mold; and,
during the pressing, molding one side surface of the prepreg by using the one-sided mold and simultaneously molding
the opposite side surface of the prepreg by deforming the deforming mold to follow the shape of the molding surface by
the flow movement of the grains in the deforming mold.
[0039] In the method for molding a fiber-reinforced plastic, preferably, the grain group in the deforming mold may be
heated in advance before the molding. In addition, locally pressing a portion of an outer circumferential surface of the
deforming mold by auxiliary pressing means in addition to the pressing by the one-sided mold may be included, and it
is preferable that the auxiliary pressing means include a rod which is able to come in and out of the cavity facing to the
one-sided mold, and the portion of the outer circumferential surface of the deforming mold be pressed and deformed by
the rod. In addition, it is preferable that the grain group be made of metallic grains of φ0.1 mm to φ10 mm.
[0040] In addition, the method for molding a fiber-reinforced plastic is efficiently performed by the molding device
described as follows.
[0041] That is, the basic configuration of the molding device of a fiber-reinforced plastic includes: the one-sided mold
described above; the deforming mold; a housing in which the deforming mold is accommodated and placed including a
floor surface portion, an opening surface portion disposed to oppose the floor surface portion at an appropriate distance,
and a side wall portion disposed between the floor surface portion and the opening surface portion; and first pressing
means for pressing the one-sided mold against the deforming mold with a required pressing force, wherein the one-
sided mold has a mold base portion and a tight fitting portion which is tightly fitted into the opening surface portion of
the housing to slide therein, and the molding surface of the tight fitting portion which opposes the floor surface portion
has the cavity facing to the molding surface.
[0042] Here, it is preferable that the grain be made of metallic grains of φ0.1 mm to φ10 mm, and it is preferable that
the housing include second pressing means which advances toward and retreats from the deforming mold accommodated
therein to locally press and deform the deforming mold.
[0043] According to the first basic configuration of the present invention, a core having a desired shape by accommo-
dating grain group containing the plurality of grains in a flexible bag is used. And, during the compression molding with
the molding die, a portion of one of outer surfaces of the core is pressed via the prepreg or not via the prepreg to form
a dent in the outer surface of the core and forcibly increase the internal pressure of the core. In addition, by increasing
the internal pressure of the core, the grains constituting the core are allowed to slip on each other, and thus the core is
deformed. By using the grains having fluidity as the grain group included in the core, when the dent is formed in the
outer surface and the internal pressure of the core is increased by pressing the outer surface of the core, the grains
constituting the grain group move and thus the fluidity and the pressure transmission of the grain group in the core are
enhanced. In addition, when the dent is formed in the one of the outer surfaces of the core by pressing the outer surface
the internal pressure of the core is increased and the grains constituting the grain group move, and simultaneously
pressure during the compression molding is increased, thereby obtaining a molded article having excellent shape and
dimensional accuracy.
[0044] In addition, since the core is deformed, even if voids are present between the prepreg and the core when the
core is wrapped with the prepreg, the voids can be reliably filled by the deformation of the core. In addition, particularly,
even when voids are formed between the corner portion of the molding surface of the molding die and the prepreg, the
prepreg can be moved in a direction in which the voids are filled by the deformation of the core. Accordingly, the voids
can be filled.
[0045] The voids formed between the prepreg and the core are crushed by a high internal pressure of the core due
to the deformation of the core and air filling the voids is discharged to the atmosphere from inside of the molding die
through the prepreg. Passages formed by the air that passes through the prepreg may be naturally filled by the melted
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prepreg after the air passes.
[0046] The core is configured to accommodate a large number of grain groups in the flexible bag. Therefore, even
when the core is deformed by pressing a portion of one of the outer surfaces of the core and forming a dent in the outer
surface, the internal pressure of the core is not usually in a uniform pressure state in all portions as in the case where
liquid or gas is used. That is, even when a pressure is applied to the grain group, a pressure that is lower than the
pressure in the part to which the pressure is applied is generated in the other portions. Here, when the applied pressure
is higher than a certain value, the grains constituting the grain group slip on each other.
[0047] Therefore, when the outer surface of the core is pressed, even in a case where the internal pressure of the
portion of the outer surface of the core where the dent is formed by the pressing is significantly increased, an increase
in pressures of the position on the outer surface side of the core distant from the portion becomes lower than that in the
internal pressure of the portion where the dent is formed. Particularly, the transmission of the pressure and the fluidity
of the grain group in the core are affected by the surface roughness of the grains constituting the grain group, the grain
diameter, and the rigidity of the grains. When a grain group constituted by grains having uniform grain diameter and
having the same rigidity is used, the grains constituting the grain group are packed at the highest density in the core
and thus the fluidity of the grains constituting the grain group is degraded, resulting in the degradation of the transmission
of the pressure. Therefore, by considering the distribution of the grain diameters and the distribution of the surface
roughness of the grains in the core or by using a grain group in which high-rigidity grains are combined with grains having
a different rigidity, for example, grains of a thermoplastic resin, the fluidity of the grains constituting grain group and the
pressure transmission in the core are enhanced.
[0048] When the fluidity and the pressure transmission are enhanced as such, even in a part of the core distant from
the portion where the dent is formed by the pressing, the core is deformed by the slip between the grains constituting
the grain group. Accordingly, the prepreg can be pressed along the molding surface of the molding die, and for example,
the pressure between the portion of the core that supports the vertical part described above and the prepreg can be
increased. Accordingly, bending and deformation of the vertical part as described above can be reliably prevented during
the pressurization between the upper mold and the lower mold.
[0049] In the molding method of the present invention, it is preferable that as the grain group accommodated in the
core, high-rigidity grains having fluidity be singly used or grains including the high-rigidity grains and resin grains be used.
[0050] As the high-rigidity grains, grains made of materials having flexural modulus of 50,000 MPa or higher including
ceramics such as alumina and zirconia, glass, a hard heat-resistant resin, metal, foundry sand, and the like may be
used. Particularly, in a case where ceramics made of zirconia or quartz are used, these materials are appropriate
materials as the grains constituting the grain group of the core 4 due to their low thermal conductivity.
[0051] As the resin grains, various types of thermoplastic resins including polyolefin such as polypropylene and pol-
yethylene, acrylic resins, nylon, and Teflon (registered trademark) and various elastomers such as silicone may be used.
Particularly, in a case where a thermoplastic resin having a flexural modulus of 10 to 3000 MPa is used, the fluidity and
the transmission of the rigid grains are enhanced, and thus the thermoplastic resin is an appropriate material used in
the grain group of the core.
[0052] In a case using the high-rigidity grains having fluidity and the resin grains as the grain group included in the
core, increase in the internal pressure of the core by forming a dent in one of the outer surfaces of the core causes the
grains constituting the grain group to slip on each other as the resin grains are elastically deformed, and thus the high-
rigidity grains are moved. Accordingly, the fluidity and the pressure transmission of the grain group in the core are
enhanced. In addition, regarding the resin grains, since the dent is formed in the outer surface and the internal pressure
of the core is increased by pressing a portion of the outer surface of the core, the high-rigidity grains are moved, and
the grains constituting the grain group are moved, and the resin grains are crushed by plastic deformation by increasing
the pressure during the compression molding, thereby obtaining a molded article having excellent shape and dimensional
accuracy.
[0053] Moreover, by fixing the closed position of the molding die by the mold interval holding means to cause the
length of the above-mentioned vertical part in the vertical direction to be a specified length the high pressure between
the outer surface of the core and the inner surface of the prepreg can be maintained. Accordingly, a situation in which
the length of the above-mentioned vertical part in the vertical direction is vertically compressed and shortened to be
smaller than the predetermined length can be avoided, and the prepreg can be molded into a desired thickness.
[0054] In addition, even in a case where the angular portion of the outer surface of the prepreg is formed as, for
example, an angular portion at a right angle, a sufficient amount of the prepreg can be moved to the corner portion of
the molding die which molds the angular portion, so that the angular portion of the outer surface of the prepreg at right
angle or the like can be reliably molded.
[0055] When the internal pressure of the core is increased, the grains constituting the grain group slip and move in
all directions. However, the flexible bag accommodating the grain group is made of an extendible material. Therefore,
due to the extendible flexible bag, the deformation of the outer shape of the core due to the movement of the grains
constituting the grain group can be allowed. When the pressing force of the grain group in the bag on the flexible bag
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of the core is increased by the fastening of the molding die or the pressing to form a dent, if the bag does not have a
sufficient strength for holding the grain group against the pressure, there may be cases where the grain group breaks
the bag. However, when the open gap of the molding die is smaller than the diameter of the grain, the grains do not leak
from the molding die as long as the grains are not crushed.
[0056] As means for pressing a portion of one of the outer surfaces of the core, a rod which is able to come in and
out of the molding surface of the molding die may be used. In a case where the rod which is able to come in and out of
the molding surface of the molding die is used, for example, a piston rod may be used as the rod, and such pressing
means may be provided in a plurality of parts.
[0057] In the present invention, when the outer surface of the core is pressed, a portion of the outer surface of the
core may be pressed via the prepreg or not via the prepreg. In a case where a part having a substantially flat shape is
pressed via the prepreg, a concave portion is formed in the prepreg. In a case where a convex part is pressed via the
prepreg, the prepreg becomes flattened. In the concave portion or the flattened portion as the pressed part, or in a
portion other than the pressed part, a discharge hole for discharging the grain group included in the core from the molded
product may be provided.
[0058] In addition, in a case where the portion of the outer surface of the core is pressed not via the prepreg, a hole
having the shape corresponding to the cross-sectional shape of the pressing portion of the pressing rod are bored
through the prepreg and the core is directly pressed by the rod after molding a semi-molded product. The flexible bag
may be broken from the hole positions of the molded product to discharge the grains, and the flexible bag may be
released. The flexible bag is subjected to a releasing treatment such as applying a release agent or is doubly packaged,
thereby removing the flexible bag in contact with the grains from the semi-finished product is easy.
[0059] In addition, according to another preferable aspect of the present invention, the upper mold and the lower mold
may be held by the mold interval holding means so as not to cause the interval therebetween to be increased during
clamping or pressure molding using the molding die. Disposing the mold interval holding means in left and right side
portions of the upper mold; and completely restricting an upward movement of the upper mold by moving the mold
interval holding means disposed in the left and right side portions of the upper mold by a predetermined amount in a
direction in which the mold interval holding means approach each other are included. It is preferable that the left and
right side surfaces of the upper mold and the abutting surfaces of the mold interval holding means be formed as mutually
corresponding wedge-shaped sliding surfaces.
[0060] During the clamping or the pressure molding by the molding die, the pressing force of the prepreg applied on
the molding surface is increased. However, according to this aspect, when the pair of left and right mold interval holding
means are horizontally moved by a predetermined distance in a direction in which the mold interval holding means
approach each other, the mold interval holding means abut on the upper mold partway, and a further movement of the
upper mold in the upward direction is impeded. Accordingly, the interval between the upper mold and the lower mold in
the above-described vertical part is maintained in a specified distance. By fixing the clamping position of the molding
die as such, an increase in the pressing force between the outer circumferential surface of the core and the inner surface
of the prepreg is secured. Accordingly, a situation in which the length of the above-mentioned vertical part in the vertical
direction is compressed and shortened to be smaller than a predetermined length can be avoided, and the prepreg can
be molded into a desired thickness. At this time, when the upward and downward movements of the upper mold are
controlled only by a hydraulic cylinder without the mold interval holding means, an increase in pressure due to the
extension of the core becomes higher than a specified level and the upper mold is moved upward against the cylinder.
Accordingly, the interval between the upper and lower molds is increased and a product having a larger height than a
specified dimension is manufactured.
[0061] In addition, as an appropriate example of the mold interval holding means, wedge surfaces are preferably
employed. According to a specific aspect, the upper end shoulder portions of the left and right side surfaces of the upper
mold are formed as downward sloped surfaces directed outward and the lower end angular portions of the opposing
surfaces of a pair of left and right mold interval holding means are formed as downward sloped surfaces directed outward
similarly. For example, when the mold interval holding means are horizontally moved in the direction in which they
approach each other to allow the opposing sloped surfaces of the upper mold and the mold interval holding means to
abut each other and the left and right mold interval holding means are further moved in the direction in which they
approach each other, the sloped surfaces of the mold interval holding means press the sloped surfaces of the upper
mold by the movement amount and moves the upper mold downward. Here, when the left and right mold interval holding
means are fixed, the upward movement limit position of the upper mold is determined and thus a further movement of
the upper mold in the upward direction is restricted. Therefore, even when the pressing force of the core applied to the
molding surface of the upper mold via the prepreg is increased, the movement limit position of the upper mold is
maintained.
[0062] The present invention may employ the above-described second basic configuration, and particularly, a config-
uration that is the most characteristic in which, among male and female molds in the related art, as one of the molds, a
mold (referred to as an one-sided mold) which has rigidity as in the related art is used, and as the other, a deformable
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deforming mold is used which accommodates a large number of grains having high fluidity in a bag having sufficient
flexibility in a sealed state. In this case, a housing which supports the deforming mold allowing the deforming mold to
deform is prepared. In the following description, in the present invention having the second basic configuration, a mold
in which the one-sided mold is the upper mold and the deforming mold is the lower mold is described as a representative
example.
[0063] In order to mold a fiber-reinforced plastic using the mold having the above configuration, first, the housing is
set to be heated and the deforming mold is placed in the floor surface portion of the housing. At this time, the grains
accommodated in the flexible bag of the deforming mold may be heated to 100°C to 200°C in advance along with the
bag. Next, a prepreg made by impregnating a single layer or laminated layers of fiber aggregation with a matrix resin is
placed on the deforming mold. Subsequently, the one-sided mold is tightly fitted into the opening of the housing to allow
the molding surface of the one-sided mold having a required shape formed therein to face the prepreg, and is pressed
and moved with a required load applied in a direction in which the prepreg is pressed.
[0064] During the pressing and the movement, the surface of the prepreg on the one-sided mold side is shaped into
a predetermined shape under a large pressing force of the molding surface of the mold. At the same time, in the deforming
mold disposed on the surface of the prepreg on the opposite side to the one-sided mold, the flexible bag included in the
deforming mold is confined by the floor surface portion and the side wall portion of the housing. Particularly on the floor
surface, the deforming mold is widened over the entire surface, and further deformation is not made on the floor surface.
On the other hand, on the surface of the deforming mold on the side that faces the prepreg, reaction force from the floor
surface portion causes the grains in the bag to move and the bag to be deformed following the deformation of the prepreg.
The deformation at this time is achieved by the grains therein that automatically flow in directions in which the internal
stress of the prepreg is uniformized.
[0065] In the final stage, the surface of the prepreg on the one-sided mold side also receives reaction force of the
deforming mold disposed on the opposite side to the one-sided mold and is thus shaped into the shape of the mold,
while the surface on the opposite side in contact with the deforming mold is deformed by following the deformation of
the entire surface of the prepreg on the mold side. Accordingly, all clearance space between the deforming mold and
the prepreg are filled by the deformation of the deforming mold and are shaped into a shape corresponding to the uniform
stress in the prepreg that occurs between the one-sided mold and the deforming mold.
[0066] After a predetermined number of molded articles having desired shapes are manufactured in this manner, there
is a changeover to manufacturing new molded articles having different shapes and structures. At this time, first, a new
one-sided mold is prepared and the one-sided mold used before is detached from the molding machine to be replaced
with the new one-sided mold. In the changeover, the replacement of the deforming mold is unnecessary. That is, the
deforming mold is not replaced but is used as it is during the subsequent moldings. As described above, in the present
invention, when only the one-sided mold is replaced among the pair of molds, subsequent molded articles having new
shapes and structures can be molded. During the changeover of the molding, there is no need to prepare a pair of molds
provided with new shapes needed in a conventional method. By preparing only a single one-sided mold, it becomes
possible to mold a fiber-reinforced plastic molded article having an open cross-section with a new shape and a structure.
[0067] As a result, the manufacturing cost of the molds required for molding is reduced, and the cost of the molded
article can be significantly reduced. Furthermore, during the pressure molding, on the opposite surface of the prepreg
to the surface of the one-sided mold side, grains in the deforming mold freely flow due to external force (pressing force)
and thus a necessary and sufficient pressing force can be exerted uniformly on every part of the surface. Moreover,
even in a case the internal pressure of the deforming mold is increased by using auxiliary pressing means, for example,
a rod material to be locally operated on a portion of the deforming mold, since surface pressure is always applied to the
prepreg, the direction of the fiber included in the prepreg is not affected, and the manufacturing of a high-quality product
is always guaranteed during molding of this type of fiber-reinforced plastic article which focuses on fiber direction.

BRIEF DESCRIPTION OF DRAWINGS

[0068]

Fig. 1 is a schematic view illustrating pressure molding of the present invention having a first basic configuration;
Fig. 2 is a schematic view illustrating the internal structure of a prepreg and a core in the above invention;
Fig. 3 is a schematic view illustrating each stage for manufacturing a molded product having a hollow portion;
Fig. 4 is a schematic view illustrating another embodiment of the above invention during pressure molding;
Fig. 5 is a schematic view illustrating still another embodiment of the above invention during pressure molding;
Fig. 6 is a schematic view illustrating still further another embodiment of the above invention during pressure molding;
Fig. 7 is a schematic view illustrating a configuration example of mold interval holding means in the above invention;
Fig. 8 is a schematic view illustrating the relationship between internal pressure(stress) and stroke;
Fig. 9 is an explanatory view schematically illustrating the arrangement relationship between a mold, a deforming
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mold, and a prepreg at the time of starting molding of the present invention having the second basic configuration;
Fig. 10 is an explanatory view schematically illustrating the arrangement relationship between the mold, the deforming
mold, and the prepreg at the time of ending the molding of the present invention having the second basic configuration;
Fig. 11 is an explanatory view schematically illustrating the arrangement relationship between the mold, the deforming
mold, and the prepreg at the time of ending the molding in another embodiment of the present invention having the
second basic configuration;
Fig. 12 is an explanatory view illustrating a molding state of a molded product having a hollow portion according to
Conventional Example 1;
Fig. 13 is an explanatory view schematically illustrating pressure molding of Fig. 12;
Fig. 14 is an explanatory view schematically illustrating another molding state during the pressure molding of Fig. 13;
Fig. 15 is an explanatory view illustrating a state where a core is set between molding molds according to Conventional
Example 2; and
Fig. 16 is an explanatory view schematically illustrating a state of a molded product having an open cross-section
during molding.

MODES FOR CARRYING OUT THE INVENTION

[0069] Hereinafter, exemplary embodiments of the invention will be described in detail with reference to the accom-
panying drawings. Regarding a method for molding a fiber-reinforced plastic related to the present invention, the present
invention can be appropriately applied to other configurations that can widen the outer circumferential surface area of
the core during pressure molding by the molding die, as well as configurations of molds and cores described below.

Examples

[0070] As illustrated in Fig. 1, a preform which includes a core 4 therein obtained by shaping a prepreg 3 into a shape
that is substantially the same as the inner circumferential surface shape of a molding die 15 at room temperature is
placed in a concave portion 1a formed in a lower mold 1 of the molding die 15 heated in advance.
[0071] The prepreg 3 may be made as a sheet-like material by impregnating fibers such as carbon fiber, glass fiber,
aramid fiber, or silicon carbide fiber with an uncured thermosetting resin. In the illustrated example, the prepreg 3 is
formed to have an annular cross-sectional shape and the core 4 is included therein. For example, the prepreg 3 can be
configured as the illustrated example by wrapping the core 4 with two sheets of prepreg.
[0072] Then, the prepreg 3 which is in a molten state by heating from the molding die 15 is cured by pressure molding
in the molding die 15, thereby manufacturing a fiber-reinforced plastic (FRP) molded article having a desired shape. In
a case of impregnating a thermoplastic resin instead of the thermosetting resin, the preform obtained by shaping the
prepreg 3 heated in advance is subjected to pressure molding in the molding mold and is cooled to manufacture an FRP
molded article having a desired shape.
[0073] As the thermosetting resin impregnated in the fibers, epoxy resins, urea resins, vinylester resins, unsaturated
polyesters, polyurethanes, phenolic resins, and the like may be used. As the thermoplastic resin, polypropylene, poly-
ethylene, polystyrene, vinyl chloride, polyamide, and the like may be used.
[0074] The core 4 is configured by accommodating a grain group 4a in a flexible bag 4b.
[0075] As high-rigidity grains, grains made of materials having a flexural modulus of 50,000 MPa or higher, including
ceramics such as alumina and zirconia, glass, a hard heat-resistant resin, metal, foundry sand, and the like may be
used. Particularly, in a case where ceramics made of zirconia or quartz are used, these materials are appropriate
materials as the grains constituting the grain group 4a of the core 4 due to their low thermal conductivity.
[0076] As the flexible bag 4b used to hold the shape of the core 4, a film made of nylon, a film made of polyethylene,
a fluororesin film, silicone rubber, and the like may be used.
[0077] In addition, as the grain group 4a of the core 4, grains (a) and (b) having a ratio of grain diameters that satisfies
the following Expression (1) are used. At this time, when the ratio of the total amount of the grains (b) included in the
grain group 4a is in a range of 20 to 60 mass%, the fluidity and the pressure transmission of the grain group 4a are
enhanced, and thus an appropriate grain group configuration is achieved. 

,where Da is the diameter of the grain of the grains (a), and Db is the diameter of the grain of the grains (b).
[0078] In the lower mold 1, a cylinder 5 having a piston rod 5a which is able to come in and out of the cavity of the
molding die 15 is provided. In addition, in Fig. 1, the illustration of a pipe through which an operating fluid is supplied to
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and discharged from the pressure chamber of the cylinder 5 to allow the piston rod 5a to slidably move is omitted.
[0079] First, an upper mold 2 and the lower mold 1 are moved in a direction in which they approach each other and
are completely closed to each other so that the prepreg 3 placed in the concave portion 1a of the lower mold 1 is heated
and cured under the pressurization. The pressure in this stage is not high and the pressure is increased by the piston
rod in the subsequent stage. Therefore, a mold opening and closing mechanism need not to be a high-pressure press
machine.
[0080] At this time, by allowing the piston rod 5a to protrude into the cavity of the molding die 15, a portion of one of
the outer surfaces of the core 4 housed in the prepreg 3 is pressed. By the pressing, as illustrated in Fig. 2 which is an
enlarged view of a part A surrounded by a circle of Fig. 1, the fluidity of the grain group 4a having a grain configuration
in which grains having different grain diameters are combined as described above is enhanced, and a slip occurs in the
grain group 4a in the core 4. As the grain group 4a slips, the core 4 increases in the outer circumferential surface area
and can be brought into close contact with the inner surface of the prepreg 3 at the four corners of the inner surface of
the prepreg 3 where voids are particularly likely to occur and in a region along the inner surface of the vertical part formed
along the wall surface of the concave portion 1a. Therefore, molding can be performed without bends or winkles, thereby
obtaining a molded article having high dimensional accuracy.
[0081] Even when voids are formed between the prepreg 3 that wraps the core 4 therein and the core 4, the internal
pressure increases as the outer circumferential surface area of the core 4 is increased. Accordingly, air in the voids is
pressurized at a high internal pressure by the core or is discharged to the atmosphere from the molding die 15 through
the prepreg 3. Passages formed by the air that passes through the prepreg 3 may be naturally filled by the melted
prepreg 3 after the air passes.
[0082] In addition, even in a case where voids are present between the molding die 15 and the prepreg 3 in the angular
portions of the molding die 15, the prepreg 3 is deformed and moved toward the voids by the pressing by the core 4 of
which the outer surface shape is widened. In addition, air in the voids is crushed by the high internal pressure or is
extruded into the atmosphere from the molding die 15. The prepreg 3 moves to parts of the voids from which air is
extruded and is formed into a shape that follows the angular portion shape of the molding die 15. Accordingly, the molded
product formed by heating and pressurizing the prepreg 3 can be a molded article in which the angular portion is properly
formed, for example, at a right angle.
[0083] In addition, in the drawings used for the description of the embodiment, for ease of understanding of the flexible
bag 4b, the thickness of the flexible bag 4b is illustrated to be large in an exaggerated state. Actually, the flexible bag
4b is formed in a thin film having a thickness of 1 mm or less. Here, a configuration in which the molded product having
an angular pipe shape is molded is described. However, the molded product may be molded into various different
complex shapes having closed cross-sections.
[0084] As a shape similar to the closed cross-section, there is a shape having a C-shaped cross-section or the like.
For example, in a case where a molded product having a C-shaped cross-section is to be formed, a configuration may
be employed in which a portion of the core is allowed to directly abut on the molding surface of the upper mold 2 or the
lower mold 1. In addition, the periphery of the core on which the core does not abut on the molding surface is covered
with the prepreg 3, thereby molding a molded product having a C-shaped cross-section. Therefore, regarding the closed
cross-section in the present invention, in addition to a shape such as an angular pipe shape, for example, a C-shaped
cross-section is also included in the closed cross-section in the present invention.
[0085] As illustrated in Fig. 1, as a portion of one of the outer surfaces of the core 4 is pressed by a piston rod 5a, a
concave portion 6 is formed in the outer surface of the prepreg 3. When the outer surface of the core 4 is pressed by
the piston rod 5a, the volume of the core 4 is in a state in which the volume of the protruding piston rod 5a is forcibly
added to the volume of the grain group 4a. As a result, the internal pressure of the core 4 can be increased.
[0086] As the internal pressure of the core 4 is increased, grains of the grain group 4a slip and move in all directions.
However, since the flexible bag 4b accommodating the grain group 4a therein is made of an easily deformable material
such as a vacuum packaging material, the flexible bag 4b can be extended without substantially limiting the movement
of the grain group 4a. As described above, since the grains constituting the grain group 4a are allowed to slip by increasing
the internal pressure of the core 4, the outer surface area of the core 4 can be enlarged. Accordingly, as illustrated in
Fig. 2, voids between the core 4 and the prepreg 3 can be eliminated.
[0087] Moreover, since the enlargement of the outer surface shape of the core 4 occurs in a part in which the pressure
between the core 4 and the prepreg 3 is low and where voids are likely to occur, the thickness of the prepreg 3 can be
maintained in a predetermined thickness while eliminating the voids.
[0088] By compressing the prepreg 3 using the molding die 15 as described above, a semi-finished product of the
prepreg 3 which has predetermined thickness and desired outer surface shape and accommodates the core therein is
pressure-molded.
[0089] Figure 3(a) illustrates a state where the semi-finished product 10a which is pressure-molded using the molding
die 15 is taken out from the molding die 15. The concave portion 6 is formed in the portion of the prepreg 3 pressed by
the piston rod 5a.
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[0090] As illustrated in Fig. 3(b), when a discharge hole 6a is bored through the concave portion 6, air infiltrates through
of the grain group 4a made of the grains (a) and (b) accommodated in the flexible bag 4b from the hole 6a and the
binding situation of the grains constituting the grain group 4a is collapsed. In addition, the grain group 4 of which the
binding situation is collapsed is discharged to the outside through the discharge hole 6a formed in the concave portion
6, thereby completing a molded product 10 having a hollow portion 10b as illustrated in Fig. 3(c). When the flexible bag
4b which accommodated the grain group 4a is made of a material with good releasability from the molded product 10
or the flexible bag 4b is doubly configured, the flexible bag 4b that in contact with the grain group 4a can be detached
from the semi-finished product 10a.
[0091] As described above, since pressure-molding can be performed on the prepreg 3 in a state where no voids
occur between the core 4 and the prepreg 3, as the molded product 10, an article having desired outer surface shape
with desired thickness without bends or wrinkles can be manufactured. In addition, even in a case where the internal
pressure of the core 4 is low in a state where the molding die 15 is closed, the internal pressure of the core 4 can be
increased by the pressing force applied by the piston rod 5a, and thus a product having desired outer surface shape
with desired thickness can be manufactured as the molded product 10.

(Evaluation of Fluidity of Grain Group)

[0092] The evaluation of the fluidity of the grain group 4a included in the core 4 was performed by the following method.
[0093] First, regarding the fluidity of the grain group 4a, a mold in which a plate shape cavity 30 mm thick, 300 mm
long, and 100 mm wide is provided and in which the pressure of the outer surface of the core can be measured at
positions of (1) the center of the molded plate, (2) 65 mm from the center in the lengthwise direction, and (3) 130 mm
from the center in the lengthwise direction is used. A predetermined amount of sample is charged into the center of the
mold cavity while keeping the mold temperature at 140°C, and the mold is quickly closed, and the molding pressure is
kept at 1.5 MPa. Subsequently, a portion of the outer surface of the core at the center of the cavity is pressed in by 10
mm at 8.0 MPa with a piston rod having a diameter of 38 mm, and is further pressed to increase the molding pressure
to 5.0 MPa. The pressure change in the sample is recorded, and after a pressure peak is observed, the measurement
is ended,
[0094] The fluidity of the grain group 4a obtained were evaluated according to the following criteria regarding each of
the examples:

Regardingrespective peak values of the surface pressure measured at the three points of (1) the center, (2) 65 mm
from the center in the lengthwise direction, and (3) 130 mm from the center in the lengthwise direction in the mold
in which the pressure of the outer surface of the core 4 can be measured, ,
s: The distributed range of the peak values of the surface pressure at the three points was equal to or less than
10% and the internal pressure was uniformly applied;
3: The distributed range of the peak values of the surface pressure at the three points was equal to or more than
10% and the internal pressure was not uniformly applied.

(Evaluation of Appearance of Molded Product)

[0095] The appearance of a hollow molded product obtained in each of the examples was visually evaluated according
to the following criteria.

s: Defects such as wrinkles were not present on the outer surface of the molded product and the appearance was
good.
3: Defects such as wrinkles were present on the outer surface of the molded product and the appearance was poor.

[0096] Hereinafter, the present invention having the first basic configuration will be described in detail with reference
to the drawings.

(Example 1)

[0097] As illustrated in Fig. 1, a core was manufactured by accommodating a grain group which contained a mixture
of zirconia grains (grains (a) having a diameter of 3 mm and grains (b) having a diameter of 2 mm) having the ratio of
grain diameters equal to 1.5 and including 20 mass% of grains (b) as the ratio of the total amount of the grains (b)
included in the mixture of zirconia grains (the mixing ratio of the grains (b)), in a bag made of a nylon film. The core was
wrapped in five plies of prepreg 3 of a carbon fiber-reinforced epoxy resin (product name: TR3110 391IMU, made by
Mitsubishi Rayon Co., Ltd.) to make a preform having substantially the same shape as the inner circumferential surface
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shape of the molding die 15 at room temperature. The preform was placed in the concave portion 1a formed in the
molding surface of the lower mold 1 of the molding die 15 heated to 140°C in advance, and the upper mold 2 and the
lower mold 1 were completely closed. Subsequently, a portion of one of the outer surfaces of the core 4 was pressed
by the piston rod 5a at 8.0 MPa. After 10 minutes, the mold was opened to take out the semi-finished product. A discharge
hole was bored through the concave portion 6 (Fig. 3(a)) formed by the pressing by the piston rod, and the zirconia
grains (the grain group 4a) were discharged to the outside through the discharge hole (Fig. 3(b)), thereby obtaining the
hollow molded article (Fig. 3(C)).

(Examples 2 to 4)

[0098] Hollow molded articles (Fig. 3(c)) were obtained in the same manner as Example 1 except that the mixing ratios
of the zirconia grains (b) included in the grain group 4a of the core 4 were as shown in Table 1.

(Comparative Example 1)

[0099] A hollow molded article (Fig. 3(c)) was obtained in the same manner as Example 1 except that the mixing ratio
of the zirconia grains (b) included in the grain group 4a of the core 4 was 10 mass% as shown in Table 1.

(Comparative Example 2)

[0100] A hollow molded article (Fig. 3(c)) was obtained in the same manner as Example 1 except that zirconia grains
whose diameters were uniform were used as the grain group 4a of the core 4 as shown in Table 1.

[0101] As shown in Table 1, in the manufacturing method according to Examples 1 to 4 in which the zirconia grains
were used as the grains constituting the grain group 4a of the core 4, the ratio of the diameter Da of the first grain group
(a) to the diameter Db of the second grain group (b) (expressed as Da/Db) was 1.5, and the grain group in which the
ratio of the total amount of the second grain group (b) to the total amount of the grain group 4a was 20 to 50 mass%
was used, the fluidity and the pressure transmission of the grain group 4a were enhanced, the dimensional accuracy of
the obtained molded articles was high, and the appearance was excellent without defects such as wrinkles on the outer
surface.
[0102] On the other hand, in the manufacturing method according to Comparative Example 1 in which the zirconia
grains were used as the grains constituting the grain group 4a of the core 4, the ratio of the diameter Da of the first grain
group (a) to the diameter Db of the second grain group (b) (expressed as Da/Db) was 1.5, and the grain group in which
the ratio of the total amount of the second grain group (b) to the total amount of the grain group 4a was 10 mass% was
used, and Comparative Example 2 in which the zirconia grains whose diameters were uniform were used, the grains
constituting the grain group 4a were packed at the highest density, the fluidity of the grains constituting the grain group
was degraded and thus the pressure transmission was damaged. Accordingly, the dimensional accuracy of the obtained
molded articles was degraded, and defects such as wrinkles were present on the outer surface and thus excellent
appearance could not be obtained.
[0103] Hereinafter, modification examples of the present invention will be described in detail with reference to the

[Table 1]

Example 
1

Example 
2

Example 
3

Example 
4

Comparative 
Example 1

Comparative 
Example 2

Grain 
diameter

Da (mm) 3.0 3.0 3.0 3.0 3.0 -

Db (mm) 2.0 2.0 2.0 2.0 2.0 2.0

Ratio of 
grain 

diameters
(Da/Db) 1.5 1.5 1.5 1.5 1.5 1.0

Mixing ratio 
of grains (b)

Mass% 20.0 33.0 40.0 50.0 10.0 100

Fluidity of grain group s s s s 3 3

Appearance of molded 
product

s s s s 3 3
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drawings. Here, according to the modification examples described below, the interval between the upper mold and the
lower mold is not increased but is held at a constant interval during molding, and thus the core can be deformed at a
required pressure. However, the method for molding a fiber-reinforced plastic according to the present invention is not
limited to the modification examples.

(Modification Example 1)

[0104] While the upper mold 2 and the lower mold 1 are in a state of being closed to each other, or while the prepreg
3 is in a pressurized state of being pressurized by the upper mold 2 and the lower mold 1 at a predetermined pressure,
the interval between the upper mold 2 and the lower mold 1 should not increase any more. Therefore, according to the
illustrated examples, mold interval holding means 20 for maintaining the interval between the upper and lower molds 2
and 1 in a constant level are provided in the upper mold 2. As illustrated in Fig. 4, as the mold interval holding means
20, a configuration is employed in which the upper mold 2 is not raised by an increase in the pressing force to the upper
mold 2 due to the deformation of the prepreg 3 even when the core 4 is pressed and deformed by the piston rod 5a.
[0105] In the example illustrated in Figs. 4 and 7(A), the mold interval holding means 20 include wedge surfaces 21b
and 21b which comes in sliding contact with downward sloped surfaces 2a and 2a formed in the upper end portions of
the left and right side surfaces (left and right upper end shoulder portions of Fig. 4) of the upper mold 2, a pair of left
and right pressing members 21a and 21a which are slidably movable in the direction (horizontal direction) perpendicular
to the movement direction of the upper mold 2 (vertical direction), and a driving unit (not illustrated) which drives the
pressing members 21a and 21a in a direction in which they are driven near to and away from each other by moving
them in the horizontal direction. The wedge surfaces 21b and 21b of the pair of left and right pressing members 21a
and 21a which oppose each other have shapes in which the interval between the facing wedge surfaces 21b and 21b
increases downward as illustrated in Fig. 7(A).
[0106] In the closed state or in the pressurized state by the upper mold 2 and the lower mold 1, the pair of pressing
members 21a and 21a are horizontally moved to approach the downward sloped surfaces formed in the upper end
portions of the left and right side surfaces of the upper mold 2 such that a wedging action is performed by the downward
sloped surfaces 21a and 21a formed in the upper end portions of the left and right side surfaces of the upper mold 2
and the wedge surfaces 21b and 21b. Here, the separation distance between the upper and lower molding surfaces of
the upper and lower molds 2 and 1 is determined by movement stop positions of the pressing members 21a and 21a in
the left and right direction, so that a further movement of the upper mold 2 in the upward direction is impeded. That is,
since the interval between the upper mold 2 and the lower mold 1 is determined by the movement stop positions of the
pressing members 21a and 21a, the interval between the upper mold 2 and the lower mold 1 can be arbitrarily adjusted
by adjusting the stop positions. When the stop positions are determined, even when a great force is exerted on the upper
mold 2 from below, the upper mold 2 is maintained in an immovable state and the immovable position is reliably held,
thereby obtaining a molded product having high dimensional accuracy.
[0107] Next, the pressing effect by the piston rod 5a will be described under the following hypothetical condition.
[0108] For example, it is assumed that a pressing surface of the upper mold 2 that presses the prepreg 3 as illustrated
in Fig. 4 has a rectangular shape and the pressing surface has a transverse width W of 100 mm and a depth of 300 mm.
In this case, the area of the pressing surface is 10 cm 3 30 cm = 300 cm2. In addition, it is assumed that the diameter
of the piston rod 5a is φ38 mm and the cylinder diameter of the cylinder 5 is φ130 mm. In addition, it is assumed that the
cylinder diameter of a hydraulic cylinder in the press machine that presses the upper mold 2 is φ252 mm.
[0109] Here, when it is assumed that the pressure in the press machine is 25 kg/cm2, the load applied to the upper
mold 2 is the pressure in the press machine 3 the area of the hydraulic cylinder = 25 kg/cm2 3 25.2 cm 3 25.2 cm 3
3.14/4 = about 12.5 tons. In addition, when the pressure of the press is 50 kg/cm2 which is twice 25 kg/cm2, as a load
applied to the upper mold 2, a load of 25 tons which is twice 12.5 tons when the above-mentioned pressure is 25 kg/cm2

can be applied.
[0110] When the load of 12.5 tons is applied to the upper mold 2, the stress per unit area with which the prepreg 3 is
pressed by the pressing surface of the upper mold 2 becomes the load/(the pressing area of the upper mold 2) = 12,500
kg/300 cm2 = about 42 kg/cm2. When a load of 25 tons which is twice 12.5 tons is applied to the upper mold 2, the stress
per unit area with which the prepreg 3 is pressed by the pressing surface of the upper mold 2 becomes about 84 kg/cm2

which is twice the stress applied when a load of 12.5 tons is applied to the upper mold 2.
[0111] In addition, when it is assumed that the cylinder pressure of the cylinder 5 having a diameter of φ130 mm is 7
kg/cm2, a pressing force that can be exerted to the piston rod 5a becomes the cylinder pressure 3 the area of the cylinder
5 = 7 kg/cm2 3 13.0 cm 3 13.0 cm 3 3.14/4 = about 929 kg. In addition, the stress per unit area when the core 4 is
pressed by the piston rod 5a becomes the pressing force/the area of the piston rod 5a = 929 kg/3.8 cm 3 3.8 cm 3
3.14/4 = about 82 kg/cm2.
[0112] As described above, even though the upper mold 2 is not pressed with a large-size press machine, voids that
might occur between the molding die 15 and the prepreg 3 and between the prepreg 3 and the core 4 can be eliminated



EP 3 109 024 B1

15

5

10

15

20

25

30

35

40

45

50

55

in the present invention by a small-size press machine and the cylinder 5 which presses the core 4, as in the case of
employing a large press machine.
[0113] Hereinabove, the configuration in which a load is applied to the upper mold 2 has been described. However,
with the pressing force of the piston rod 5a as shown by the above calculations, substantially the same stress as the
stress generated by a large-size press machine can be exerted to the prepreg 3. Therefore, even in a case where the
molding die 15 is in the clamped state and the piston rod 5a is then operated to press the core 4, the stress can be
increased to a stress I state. That is, even in a case where the piston rod 5a is operated after a load of 12.5 tons is
applied to the upper mold 2, voids that might occur between the molding die 15 and the prepreg 3 and between the
prepreg 3 and the core 4 can be eliminated.
[0114] In the present invention, as described above, the mold interval holding means 20 is provided in the upper mold
2 in order to maintain the vertical interval between the upper and lower molds 2 and 1 in a constant level.
[0115] When the pair of left and right pressing members 21a and 21a of the mold interval holding means 20 are
horizontally moved to approach the downward sloped surfaces 2a and 2a formed in the upper end portions of the left
and right side surfaces of the upper mold 2, a wedging action is performed by the downward sloped surfaces 2a and 2a
formed in the upper end portions of the left and right side surfaces of the upper mold 2 and the wedge surfaces 21b and
21b. Here, the separation distance between the upper and lower molding surfaces of the upper and lower molds 2 and
1 is determined by the positions at which the movement of the pressing members 21a in the left and right direction is
stopped, so that a further movement of the upper mold 2 in the upward direction is impeded. That is, when the approach
of the pressing members 21a and 21a are fixed, even though a great force is applied to the upper mold 2 from below,
the upper mold 2 does not further move upward and maintains the immovable state, thereby obtaining a molded product
having high dimensional accuracy.
[0116] In addition, in the above description, the configurations in which the piston rod 5a is provided in the lower mold
1 has been described. However, a configuration in which the piston rod 5a is provided in the upper mold 2 may also be
employed. In these cases, the piston rod 5a is provided on the upper mold 2, and the lower mold 1 is placed on a fixed
base or the like so that the movement thereof is restricted. The upper mold 2 is still vertically movable. Therefore, as
the configuration of the mold interval holding means 20 that do not allow the upper mold 2 to be raised when the core
4 is pressed by the piston rod 5a, the configuration as illustrated in Fig. 1 may be employed.

(Modification Example 2)

[0117] Modification Example 2 according to the present invention will be described with reference to Figs. 5 and 7(B).
In Modification Example 1 described above, the example which employs the mold interval holding means 20 in which
the pair of pressing members 21a and 21a having the wedge surfaces 21b and 21b that are simply sloped are used as
the pressing members is described. However, in Modification Example 2, a pair of pressing members 22a and 22a
respectively having sawtooth-like wedge surfaces 22b and 22b are used in the mold interval holding means 20. In
addition, sawtooth-like surfaces are respectively formed in both end portions of the upper mold 2 so as to come into
sliding contact with the sawtooth-like wedge surfaces 22b and 22b formed in the pressing members 22a and 22a.
[0118] The other configurations are the same as those of Example 1, and the corresponding constituent members are
denoted by the same reference numerals as those used in Example 1, and will not be described.
[0119] As illustrated in Fig. 7(B), the sawtooth-like wedge surfaces 22b and 22b formed in the pair of pressing members
22a and 22a have a configuration in which a shape provided with horizontal surfaces 22c and 22c formed in the horizontal
direction and downward sloped surfaces 22d and 22d that are sloped downward continuously from the base ends of the
horizontal surfaces 22c and 22c is repeated. In addition, as illustrated in Fig. 4, when the upper mold 2 is lowered toward
the lower mold 1 and reaches a position where a predetermined pressure is applied to the prepreg 3, by operating the
mold interval holding means 20, the pair of pressing members 22a and 22a are allowed to approach each other so that
the horizontal surfaces of the sawtooth-like surfaces formed in the upper mold 2 and the horizontal surfaces 22c and
22c of the pressing members 22a and 22a come into surface contact with each other. Accordingly, an upward movement
of the upper mold 2 can be reliably impeded.
[0120] By operating the piston rod 5a from this state, the core 4 can be forcibly pressed and deformed by the piston
rod 5a. That is, by deforming the core 4 by the pressing using the piston rod 5a, voids between the core 4 and the
prepreg 3 can be eliminated. Accordingly, the prepreg 3 can be pressure-molded to manufacture a high-quality molded
product having desired outer circumferential surface shape with desired thickness.
[0121] In Modification Example 2, as illustrated in Fig. 5, by using the pair of pressing members 22a and 22a that
respectively have the sawtooth-like wedge surfaces 22b and 22b in the mold interval holding means 20, molding was
performed in the same manner as in Example 1. The mold was opened, the molded product was taken out, and a
discharge hole was bored through the concave portion 6 (Fig. 3(a)) formed by the pressing of the piston rod to discharge
the grain group 4a to the outside through the discharge hole (Fig. 3(b)), thereby obtaining a hollow molded product (Fig.
3(c)). This molded product has high dimensional accuracy and excellent appearance without defects such as wrinkles
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on the outer surface.

(Modification Example 3)

[0122] The configuration of Modification Example 3 according to the present invention will be described with reference
to Figs. 6 and 7(C). In Modification Example 1, the configuration in which the pair of pressing members 21a and 21a
having the wedge surfaces 21b that is simply sloped are used as the mold interval holding means 20 has been described.
However, in Modification Example 3, as the mold interval holding means 20, a pair of pressing members 23a and 23a
having wedge portions 23b and 23b having upward sloped surfaces formed on the lower surfaces that extend in the
transverse direction, and vertical portions 23f and 23f that extend vertically downward from the outer side end portion
thereof are used. In addition, both the left and right end portions of the upper mold 2 are formed to have surface shapes
that come into close contact with the opposing surfaces of the pressing members 23a and 23a when the pair of pressing
members 23a and 23a abut on both the end portions.
[0123] In Modification Example 3, the upper molding surface on the upper mold 2 is not simply flat surface but is
configured to be provided with a protrusion 8.
[0124] The other configurations are the same as those of Comparative Example 1, and corresponding constituent
members are denoted by the same reference numerals as those used in Example 1, and the corresponding constituent
members will not be described.
[0125] As illustrated in Fig. 7(C), each of the wedge portions 23b and 23b formed in the pair of left and right pressing
members 23a and 23a is constituted by a wedge portion 23b having a shape provided with an upward sloped surface
23c that extends in the transverse direction toward the upper mold 2 and vertical surfaces 23d and 23e that vertically
extend from both end edge sides of the upward sloped surface 23c, and the vertical portion 23f. Here, as illustrated in
Fig. 6, as the sloped surfaces of both the left and right end portions of the upper mold 2 come into surface contact with
the upward sloped surfaces 23c and 23c of the pressing members 23a and 23a, an upward movement of the upper
mold 2 can be reliably impeded. In addition, the upper mold 2 is moved in a direction approaching or away from the
lower mold 1 by slidably moving the pair of pressing members 23a and 23a in a direction in which they move near to or
away from each other, thereby adjusting the interval between the upper mold 2 and the lower mold 1.
[0126] As illustrated in Fig. 6, when the prepreg 3 is pressure-molded by lowering the upper mold 2 toward the lower
mold 1, the core 4 is forcibly pressed by the protrusion 8 provided on the upper mold 2. In addition, in the pressurized
state, when the pair of pressing members 23a and 23a are allowed to approach each other by operating the mold interval
holding means 20, the sloped surfaces formed in the upper mold 2 come into surface contact with the upward sloped
surfaces 23c and 23c of the pressing members 23a and 23a such that the upward movement of the upper mold 2 is
reliably impeded and the upper mold 2 is held in a fixed position.
[0127] By operating the piston rod 5a from this state, the core 4 is forcibly pressed and deformed between the protrusion
8 and the piston rod 5a. Accordingly, as described above, the core 4 is deformed and voids between the core 4 and the
prepreg 3 can be eliminated. In this manner, even in this example, a high-quality hollow fiber-reinforced plastic molded
product having desired outer circumferential shape with desired thickness can be manufactured.
[0128] In Modification Example 3, as illustrated in Fig. 6, the upper molding surface on the upper mold 2 is not a simply
flat surface but is configured to be provided with the protrusion 8, and by using the pair of pressing members 23a and
23a that have the wedge portions 23b and 23b having the upward sloped surfaces formed on the lower surfaces that
extend in the transverse direction and the vertical portions 23 f and 23 f that extend vertically downward from the outer
side end portion thereof as the mold interval holding means 20, molding was performed in the same manner as in
Example 1. The mold was opened, the molded product was taken out, and a discharge hole was bored through the
concave portion 6 formed by the pressing of the piston rod to discharge the grain group 4a to the outside through the
discharge hole, thereby obtaining a hollow molded product. This molded product has high dimensional accuracy and
excellent appearance without defects such as wrinkles on the outer surface.
[0129] As the configuration of the pair of pressing members in the mold interval holding means 20, various configurations
as illustrated in Fig. 7 may be employed. The configurations of Figs. 7(A) to 7(C) have been described as Modification
Examples 1 to 3 described above. A further modification example of the pressing members of Modification Example 2
illustrated in Figs. 2 and 7(B) will be described with reference to Fig. 7(D). A pair of pressing members 24a and 24a
illustrated in Fig. 7(D) are formed so that the shapes of the wedge surfaces 24b and 24b are sawtooth shapes, and the
sawtooth shapes are not sawtooth shapes with one-directional ramps illustrated in Fig. 7(B) described in Modification
Example 2 but are sawtooth shapes with two-directional ramps. In this example, although not illustrated, both left and
right end portions of the upper mold 2 have wedge surfaces formed to correspond to the shapes of the wedge surfaces
24b and 24b.
[0130] When the mold interval holding means 20 is operated in the above-described configuration, the wedge surfaces
24b and 24b in the pair of pressing members 24a and 24a are engaged with the wedge surfaces formed in both end
portions of the upper mold 2, thereby completely impeding both the upward and downward movements of the upper mold 2.
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[0131] Hereinafter, a representative embodiment of the present invention having the second basic configuration de-
scribed above will be described in detail with reference to the accompanying drawings. Figs. 9 and 10 schematically
illustrate a process of molding the fiber-reinforced plastic molded product in this embodiment. In the drawings, reference
numeral 25 denotes a housing, reference numeral 26 denotes an one-sided mold which is one of a pair of molding molds,
reference numeral 27 denotes a deformable deforming mold which is the other molding molds that is the most charac-
teristic in the present invention, and reference numeral 28 denotes a prepreg which is the raw material to be molded.
[0132] The housing 25 is made of cast iron and has a box shape with a floor surface portion 25a and side wall portions
25c that are erected along the circumferential edge portion of the floor surface portion 25a, and the entire surface of the
top plate portion thereof is opened and forms an opening 25d. The one-sided mold 26 is made of the same material as
that of a typical molding die and has a molding surface 26a for molding one surface of the fiber-reinforced plastic molded
product.
[0133] The deforming mold 27 has a configuration in which grains 27a are accommodated in a state of being sealed
in a bag 27b made of a flexible material and is deformable by external force. As the grains 27a, ceramic balls such as
alumina balls and zirconia balls or metallic balls such as chrome steel balls, carbon steel balls and stainless steel balls
are used. Among these, alumina balls and metallic balls are appropriate due to their excellent thermal conductivity and
carbon steel balls are particularly appropriate. The sizes thereof are preferably φ0.1 mm to φ10 mm, and particularly
preferably φ0.5 mm φ2 mm in order to secure deformation performance in fine regions of the deforming mold 27. As the
bag 27b that accommodates the grain 27a, a film or sheet made of nylon, polyethylene, a fluororesin, silicone rubber,
or the like is appropriately used.
[0134] The prepreg 28 is made by impregnating a fiber aggregation such as sheet-like carbon fiber, glass fiber, aramid
fiber, or silicon carbide fiber with an uncured thermosetting resin or a thermoplastic resin as a matrix resin. In this
embodiment, as the prepreg 28, a laminate of prepreg in which a second prepreg sheet 28b having a smaller area is
laminated on and integrated with the center portion of the lower surface of a first single prepreg sheet 28a having a
larger area is used, and the prepreg 28 is placed at the center portion of the upper surface of the deforming mold 27.
Here, in general, the fiber aggregation preferably has directionality of fiber, and examples thereof include a sheet-like
material in which fiber is arranged in parallel in one direction, a sheet-like material in which a plurality of sheet-like
materials in each of which fiber is arranged in one direction are laminated for the direction of fiber to be intersected in
a range of a required angle (0° to 90°), a so-called unidirectional woven fabric obtained by arranging a number of fiber
bundles as warp threads and allowing weft threads to cross the warp threads at required intervals, and a bidirectional
woven fabric obtained by using a number of fiber bundles as warp threads and weft threads and crossing the threads
each other. Typically, the fiber bundle is made of a large number of filament threads.
[0135] In addition, in the case where a thermosetting resin is used as the matrix resin, the prepreg 28 which is in the
molten state by heating the mold is heated and pressurized in the housing 25 to be pressure-molded and cured, thereby
manufacturing a fiber-reinforced plastic molded article having a desired shape. In the case of impregnating a thermoplastic
resin instead of the thermosetting resin, a preform made by shaping the prepreg 28 in advance as necessary is heated
in advance and is placed on the deforming mold 27, and the one-sided mold 26 is lowered to pressurize and cool the
preform, thereby manufacturing a fiber-reinforced plastic molded article having a desired shape.
[0136] As the thermosetting resin impregnated in the fiber, epoxy resin, urea resin, vinyl ester resin, unsaturated
polyester, polyurethane, phenolic resin, and the like may be used. As the thermoplastic resin, polypropylene, polyethylene,
polystyrene, vinyl chloride, polyamide resin, and the like may be used.
[0137] In the above configuration, in order to mold the fiber-reinforced plastic molded product illustrated in Figs. 9 and
10, first, the one-sided mold 26 is tightly fitted into the opening 25d of the housing 25 and is thereafter moved while
applying a required weight toward the housing floor surface portion 25a. Due to this movement, the pressing force of
the one-sided mold 26 exerted on the prepreg 28 placed on the deforming mold 27 gradually increases. By the increasing
pressing force, the upper surface of the prepreg 28 is shaped into a shape that follows the molding surface 26a of the
one-sided mold 26. Moreover, the deforming mold 27 on which the prepreg 28 is placed also receives the same pressing
force at this time such that the deforming mold 27 itself is deformed while deforming the placing surface of the prepreg
28. The deformation of the deforming mold 27 is achieved by the grains 27a that flow toward the clearance spaces
formed between the one-sided mold 26 and the housing 25 due to the pressing force of the one-sided mold 26 and the
reaction from the floor surface of the housing 25. By deforming the deforming mold 27 using the flow of the grains 27a
as such, the internal stress of the prepreg 28 is finally uniformized and the shape of the prepreg 28 on the opposite side
to the mold becomes a shape according to the stress.
[0138] Fig. 11 illustrates another representative embodiment of the present invention. According to this embodiment,
a cylinder 29 having a piston rod 29a corresponding to a portion of auxiliary pressing means of the invention, which is
able to come in and out of the deforming mold 27 placed in the housing 25 is provided in the floor surface portion 25a
of the housing 25. In addition, in this embodiment, corresponding constituent members that are substantially the same
as those of the above-described embodiment illustrated in Figs. 9 and 10 are denoted by the same reference numerals
and names. In Fig. 11, the illustration of a pipe through which an operating fluid is supplied to and discharged from the
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pressure chamber of the cylinder 29 to allow the piston rod 29a to slidably move is omitted. The piston rod 29a is used
when, for example, the prepreg 28 is small and the deformation of the deforming mold 27 does not reach every corner
of the housing 25 and the one-sided mold 26, and by operating the cylinder 29, a uniform pressing force is applied to
the prepreg 28 while increasing the internal pressure of the deforming mold 27 and increasing the volume of the deforming
mold.
[0139] That is, in a case where the clearance spaces still remain between the one-sided mold 26 and the housing 25
even when a clamping portion 26b of the one-sided mold 26 abuts on a clamping portion 25e of the housing 25, the
cylinder 29 is operated to allow the piston rod 29a to extend toward the deforming mold 27 and locally press and deform
the deforming mold 27. As a result, the internal pressure thereof is increased and thus the grains 27a are allowed to
flow toward the clearance spaces to fill the clearance spaces while deforming the deforming mold 27. Air in the clearance
spaces is pressurized by the internal pressure of the deforming mold 27 and the pressing of the grain bodies 27a or is
discharged to the atmosphere from a slight gap between the housing 25 and the one-sided mold 26 through the prepreg
28. Air passages formed when the air passes through the prepreg 28are naturally filled by the melted prepreg 28 after
the air passes.
[0140] The deforming mold 27 is deformed and extends toward the clearance spaces from which air is extruded and
has a shape that follows the corner portion shape of the one-sided mold 26, and simultaneously, the prepreg 28 also
follows the shape. Accordingly, the molded product formed by heating and pressurizing the prepreg 28 is molded so
that the outer surface side thereof has a shape as the shape of the molding surface 26a of the one-sided mold 26 and
the inner surface on the opposite side thereof has a shape that follows the deformation of the prepreg 28 based on the
shape of the molding surface 26a.
[0141] As illustrated in Fig. 11, by locally pressing a portion of the outer circumferential surface of the deforming mold
27 by the piston rod 29a, a concave portion is formed in the outer circumferential surface of the deforming mold 27.
When the outer circumferential surface of the deforming mold 27 is pressed by the piston rod 29a, the volume in the
deforming mold is in a state in which the volume of the protruding piston rod 29a is forcibly added to the volume of all
the grains 27a. As a result, the deforming mold 27 is deformed while expanding and, at the same time, the internal
pressure of the deforming mold 27 can be increased.
[0142] As the internal pressure of the deforming mold 27 is increased, a slip occurs between the grains 27a such that
the grains 27a move in all directions. However, since the flexible bag 27b that wraps the grains 27a therein is made of
an easily deformable material, the bag 27b can be extended without substantially limiting the movement of the grains 27a.
[0143] As described above, since a slip occurs between the grains 27a by increasing the internal pressure of the
deforming mold 27, the outer circumferential surface area of the deforming mold 27 can be increased. Accordingly, as
illustrated in Fig. 11, voids between the molding surface 26a of the one-sided mold 26 and the prepreg 28 can be
eliminated. Moreover, since an increase in the outer circumferential surface shape of the deforming mold 27 occurs in
a part with a low pressure between the one-sided mold 26 and the prepreg 24 where clearance spaces generates, and
thus the thickness of the prepreg 28 is uniformized while eliminating the clearance spaces. In this manner, the prepreg
28 can be pressure-molded into desired outer circumferential surface shape with desired thickness.

EXPLANATIONS OF LETTERS OR NUMERALS

[0144]

1 lower mold
1a concave portion formed in lower mold
2 upper mold
2a downward sloped surface
3 prepreg
4 core
4a grain group (grains)
4b flexible bag
5 cylinder
5a piston rod
6 concave portion
6a discharge hole
8 protrusion
10 molded product
10a semi-finished product
15 molding die
20 mold interval holding means



EP 3 109 024 B1

19

5

10

15

20

25

30

35

40

45

50

55

21a pressing member
21b wedge surface
22a pressing member
22b wedge surface
22c horizontal surface
22d downward sloped surface
23a pressing member
23b wedge portion
23c upward sloped surface
23d, 23e vertical surface
23f vertical portion
24a pressing member
24b wedge surface
25 housing
25a floor surface
25b vertical wall surface
25c side wall portion
25d opening
25e clamping portion
26 one-sided mold
26a molding surface
26b clamping portion
27 deforming mold
27a grains
27b bag
28 prepreg
28a, 28b first and second prepreg sheets
29 cylinder
29a piston rod
30 mold
31 lower mold
31a concave portion
32 upper mold
33 core
33a powder grain group
33b packaging material
34, 35 fiber-reinforced thermoplastic resin material (FRTP)
36 prepreg
37 vertical part
39 rib
41a, 41b molds
42a, 42b molding surface
43 core
44 extruder
45 molten resin
46 pressurizing unit
51, 52 first and second pressure chambers
55 chamber wall
57 mold assembly
57a, 57b mold part

[0145] The following paragraphs also form part of the disclosure:

1. A method for molding a fiber-reinforced plastic comprising:

forming a core having a desired shape by accommodating a grain group containing a plurality of grains in a
flexible bag;
disposing a prepreg containing a resin and fiber in a periphery of the core;
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disposing the core and the prepreg disposed in the periphery of the core between an upper mold and a lower
mold of a molding die; and
performing compression molding by closing the molding die.

2. The method for molding a fiber-reinforced plastic according to claim 1, further comprising:

holding the upper mold and the lower mold by mold interval holding means so as not to cause an interval
therebetween to be increased;
pressing a portion of one of outer surfaces of the core to increase internal pressure of the core and deform the
core by pressing means which comes into the cavity between the upper mold and the lower mold; and
increasing cohesion between the prepreg, the mold, and the core by the pressing and the deformation of the core.

3. The method for molding a fiber-reinforced plastic according to claim 2, further comprising
completely restricting an upward movement of the upper mold by moving the mold interval holding means disposed
in left and right side portions of the upper mold by a predetermined amount in a direction in which the mold interval
holding means approach each other.

4. The method for molding a fiber-reinforced plastic according to claim 3, further comprising
forming left and right side surfaces of the upper mold and abutting surfaces of the mold interval holding means as
wedge-shaped sliding surfaces.

5. The method for molding a fiber-reinforced plastic according to claim 1,
wherein grain diameters of the grain group accommodated in the flexible bag are not uniform.

6. The method for molding a fiber-reinforced plastic according to claim 1,
wherein a part of a molded product through which a portion of one of outer surfaces of the core was pressed serves
as a formation part of a discharge hole through which the grain group is discharged from the molded product.

7. The method for molding a fiber-reinforced plastic according to claim 1,
wherein the grain group accommodated in the flexible bag includes high-rigidity grains,
the grain group includes a first grain group (a) and a second grain group (b) having different grain diameters, and
the ratio Da/Db of the diameter Da of the first grain group (a) to the diameter Db of the second grain group (b) is
equal to or higher than 1.1 and equal to or less than 2.0.

8. The method for molding a fiber-reinforced plastic according to claim 7,
wherein a ratio of the total amount of the second grain group (b) to the total amount of the grain group accommodated
in the flexible bag is in a range of 20 to 60 mass%.

9. The method for molding a fiber-reinforced plastic according to claim 8, further comprising:

holding the upper mold and the lower mold by mold interval holding means so as not to cause an interval
therebetween to be increased;
pressing a portion of one of outer surfaces of the core to increase an internal pressure of the core and deform
the core by pressing means which comes into the cavity between the upper mold and the lower mold; and
increasing cohesion between the prepreg, the mold, and the core by the pressing and the deformation of the core.

10. The method for molding a fiber-reinforced plastic according to claim 9, further comprising
completely restricting an upward movement of the upper mold by moving the mold interval holding means disposed
in left and right side portions of the upper mold by a predetermined amount in a direction in which the mold interval
holding means approach each other.

11. The method for molding a fiber-reinforced plastic according to claim 10, further comprising
forming left and right side surfaces of the upper mold and abutting surfaces of the mold interval holding means as
wedge-shaped sliding surfaces.

12. The method for molding a fiber-reinforced plastic according to claim 9, further comprising
pressing the portion of the outer surface of the core by inserting a rod into the cavity of the molding die.
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13. The method for molding a fiber-reinforced plastic according to claim 12,
wherein the rod is a piston rod.

14. The method for molding a fiber-reinforced plastic according to claim 13, further comprising
discharging the grain group to outside of a molded product through an insertion position of the rod after the com-
pression molding.

15. The method for molding a fiber-reinforced plastic according to claims 7 to 14,
wherein the flexural modulus of the high-rigidity grain is equal to or higher than 50,000 MPa.

16. The method for molding a fiber-reinforced plastic according to claim 15,
wherein the high-rigidity grain is ceramic grain.

17. The method for molding a fiber-reinforced plastic according to claim 1,
wherein the grain group contains the high-rigidity grain and resin grain.

18. The method for molding a fiber-reinforced plastic according to claim 17,
wherein the flexural modulus of the resin grain is 10 to 3000 MPa.

19. The method for molding a fiber-reinforced plastic according to claim 18,
wherein the resin grain is polyolefin grain.

20. The method for molding a fiber-reinforced plastic according to claim 18, further comprising:

holding the upper mold and the lower mold by mold interval holding means so as not to cause an interval
therebetween to be increased;
pressing a portion of one of outer surfaces of the core to increase an internal pressure of the core and deform
the core by pressing means which comes into the cavity between the upper mold and the lower mold; and
increasing adhesion between the prepreg, the mold, and the core by the pressing and the deformation of the core.

21. The method for molding a fiber-reinforced plastic according to claim 20, further comprising
completely restricting an upward movement of the upper mold by moving the mold interval holding means disposed
in left and right side portions of the upper mold by a predetermined amount in a direction in which the mold interval
holding means approach each other.

22. The method for molding a fiber-reinforced plastic according to claim 21, further comprising
forming left and right side surfaces of the upper mold and abutting surfaces of the mold interval holding means as
wedge-shaped sliding surfaces.

23. The method for molding a fiber-reinforced plastic according to claim 20, further comprising
pressing the portion of the outer surface of the core by inserting a rod into the cavity of the molding die.

24. The method for molding a fiber-reinforced plastic according to claim 23,
wherein the rod is a piston rod.

25. The method for molding a fiber-reinforced plastic according to claim 24, further comprising
discharging the grain group to outside of a molded product through an insertion position of the rod after the com-
pression molding.

26. The method for molding a fiber-reinforced plastic according to claims 17 to 25,
wherein the flexural modulus of the high-rigidity grain is equal to or higher than 50,000 MPa.

27. The method for molding a fiber-reinforced plastic according to claim 26,
wherein the high-rigidity grain is ceramic grain.

28. A method for molding a fiber-reinforced plastic comprising:

interposing a prepreg containing a resin and fiber between an one-sided mold having a molding surface for
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molding one side surface of a molded product and a deforming mold having a desired shape that accommodates
grains containing a plurality of high-rigidity grains in a flexible bag;
pressing the prepreg between the one-sided mold and the deforming mold with a pressing force by applying
the pressing force to the one-sided mold; and
molding one side surface of the prepreg by using the one-sided mold during the pressing and molding the
surface of the prepreg on the opposite side by deforming the deforming mold to follow a shape of the molding
surface according to flow of the grains in the deforming mold.

29. The method for molding a fiber-reinforced plastic according to claim 28, further comprising
heating the grains in the deforming mold in advance before the molding.

30. The method for molding a fiber-reinforced plastic according to claim 28, further comprising
locally pressing a portion of an outer circumferential surface of the deforming mold by auxiliary pressing means in
addition to the pressing by the one-sided mold.

31. The method for molding a fiber-reinforced plastic according to claim 30,
wherein the auxiliary pressing means includes a rod which is able to come into the cavity facing to the one-sided
mold, and
the portion of the outer circumferential surface of the deforming mold is pressed and deformed by the rod.

32. The method for molding a fiber-reinforced plastic according to any one of claims 28 to 31,
wherein the grains are made of metallic grains of φ0.1 mm to φ10 mm.

33. A molding device used in the method for molding a fiber-reinforced plastic according to any one of claims 28 to
32, comprising:

the one-sided mold;
the deforming mold;
a housing including a floor surface portion in which the deforming mold is accommodated and placed, an opening
surface portion disposed to oppose the floor surface portion at a required interval, and a side wall portion
disposed between the floor surface portion and the opening surface portion; and
first pressing means for pressing the one-sided mold against the deforming mold with a required pressing force,
wherein the one-sided mold has a tight fitting portion which is tightly fitted into the opening surface portion of
the housing to slidably move thereon, and
the molding surface of the tight fitting portion which opposes the floor surface portion has the cavity facing to
the molding surface.

34. The molding device of a fiber-reinforced plastic according to claim 33,
wherein the grains are made of metallic grains of φ0.1 mm to φ10 mm.

35. The molding device of a fiber-reinforced plastic according to claim 33 or 34,
wherein the housing includes second pressing means which advances toward the deforming mold accommodated
therein to locally press and deform the deforming mold.

Claims

1. A method for molding a fiber-reinforced plastic comprising:

forming a core (4) having a desired shape by accommodating a grain group (4a) containing a plurality of high-
rigidity grains in a flexible bag (4b);
disposing a prepreg (3) containing a resin and fiber in a periphery of the core (4);
disposing the core (4) and the prepreg (3) disposed in the periphery of the core (4) between an upper mold (2)
and a lower mold (1) of a molding die (15); and performing compression molding by closing the molding die (15),
wherein the method includes:

holding the upper mold (2) and the lower mold (1) by mold interval holding means so as not to cause an
interval therebetween to be increased;
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pressing a portion of one of outer surfaces of the core to increase internal pressure of the core (4) and
deform the core (4) by pressing means (5, 5a) which comes into the cavity between the upper mold (2) and
the lower mold (1); and
increasing cohesion between the prepreg (3), the mold, and the core (4) by the pressing and the deformation
of the core (4),

the grain group (4a) includes a first grain group (a) and a second grain group (b) having different grain diameters,
characterized in that:
the ratio Da/Db of the diameter Da of the first grain group (a) to the diameter Db of the second grain group (b)
is equal to or higher than 1.1 and equal to or less than 2.0.

2. The method for molding a fiber-reinforced plastic according to claim 1,
wherein a ratio of the total amount of the second grain group (b) to the total amount of the grain group accommodated
in the flexible bag (4b) is in a range of 20 to 60 mass%.

3. The method for molding a fiber-reinforced plastic according to claim 1 or 2,
wherein the grain group (4a) contains high-rigidity grains and resin grains.

Patentansprüche

1. Verfahren zum Formen eines faserverstärkten Kunststoffs, umfassend:

Bilden eines Kerns (4) mit einer gewünschten Form durch Aufnehmen einer Korngruppe (4a), die eine Vielzahl
von Körnern mit hoher Steifigkeit enthält, in einer flexiblen Tasche (4b);
Anordnen eines Prepregs (3), das ein Harz und eine Faser enthält, in einem Randbereich des Kerns (4);
Anordnen des Kerns (4) und des im Randbereich des Kerns (4) angeordneten Prepregs (3) zwischen einer
oberen Form (2) und einer unteren Form (1) eines Formwerkzeugs (15); und
Durchführen von Formpressen durch Schließen des Formwerkzeugs (15),
wobei das Verfahren Folgendes aufweist:

Halten der oberen Form (2) und der unteren Form (1) durch ein Formabstandshaltemittel derart, dass ein
Abstand zwischen diesen nicht dazu gebracht wird, sich zu vergrößern;
Pressen eines Abschnitts einer der äußeren Oberflächen des Kerns, um den inneren Druck des Kerns (4)
zu erhöhen und den Kern (4) durch ein Pressmittel (5, 5a) zu verformen, das in den Hohlraum zwischen
der oberen Form (2) und der unteren Form (1) kommt; und
Erhöhen der Haftung zwischen dem Prepreg (3), der Form und dem Kern (4) durch das Pressen und die
Verformung des Kerns (4),

wobei die Korngruppe (4a) eine erste Korngruppe (a) und eine zweite Korngruppe (b) mit unterschiedlichen
Korndurchmessern aufweist,
dadurch gekennzeichnet, dass:
das Verhältnis Da/Db des Durchmessers Da der ersten Korngruppe (a) zum Durchmesser Db der zweiten
Korngruppe (b) 1,1 oder mehr und 2,0 oder weniger beträgt.

2. Verfahren zum Formen eines faserverstärkten Kunststoffs nach Anspruch 1,

wobei ein Verhältnis der Gesamtmenge der zweiten Korngruppe (b) zur Gesamtmenge der in der flexiblen
Tasche (4b) aufgenommenen Korngruppe in einem Bereich von 20 bis 60 Masse-% liegt.

3. Verfahren zum Formen eines faserverstärkten Kunststoffs nach Anspruch 1 oder 2,

wobei die Korngruppe (4a) Körner mit hoher Steifigkeit und Harzkörner enthält.

Revendications

1. Procédé de moulage d’un plastique renforcé par de la fibre comprenant :
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la formation d’un noyau (4) ayant une forme souhaitée en logeant un groupe de grains (4a) contenant une
pluralité de grains à haute rigidité dans un sac souple (4b) ;
la mise en place d’un pré-imprégné (3) contenant une résine et une fibre dans une périphérie du noyau (4) ;
la mise en place du noyau (4) et du pré-imprégné (3) mis en place dans la périphérie du noyau (4) entre un
moule supérieur (2) et un moule inférieur (1) d’une filière de moulage (15) ; et
la réalisation d’un moulage par compression par fermeture de la filière de moulage (15),
dans lequel le procédé inclut :

le maintien du moule supérieur (2) et du moule inférieur (1) par un moyen de maintien d’intervalles de
moules de manière à ne pas entraîner une augmentation d’un intervalle entre ceux-ci ;
la pression d’une partie d’une de surfaces externes du noyau pour augmenter la pression interne du noyau
(4) et déformer le noyau (4) par un moyen de pression (5, 5a) qui entre dans la cavité entre le moule
supérieur (2) et le moule inférieur (1) ; et
l’augmentation de la cohésion entre le pré-imprégné (3), le moule et le noyau (4) par la pression et la
déformation du noyau (4),

le groupe de grains (4a) inclut un premier groupe de grains (a) et un second groupe de grains (b) ayant des
diamètres de grain différents,
caractérisé en ce que :

la rapport Da/Db du diamètre Da du premier groupe de grains (a) au diamètre Db du second groupe de
grains (b) est supérieur ou égal à 1,1 et inférieur ou égal à 2,0.

2. Procédé de moulage d’un plastique renforcé par de la fibre selon la revendication 1,
dans lequel un rapport de la quantité totale du second groupe de grains (b) à la quantité totale du groupe de grains
logés dans le sac souple (4b) se situe dans une plage de 20 à 60 % en masse.

3. Procédé de moulage d’un plastique renforcé par de la fibre selon la revendication 1 ou 2,
dans lequel le groupe de grains (4a) contient des grains à haute rigidité et des grains de résine.
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