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Description

Technical Field

[0001] The present invention relates to a fiber-reinforced molded product, in which a fiber reinforcing material and a
surface material are laminated on at least one surface of a core material so that the fiber reinforcing material and the
surface material are integrated with the core material, and to a method for manufacturing the same.

Background Art

[0002] In recent years, fiber-reinforced molded products have been proposed as members requiring high stiffness,
such as a housing of laptop computers. As the fiber-reinforced molded products, for example, carbon-fiber-reinforced
articles obtained by laminating carbon fiber prepregs and then reacting and curing the laminated carbon fiber prepregs
are known. Such fiber-reinforced molded products using carbon-fibers are, for example, known as the following.
[0003] Patent Document 1 discloses a fiber reinforced product in which a plurality of fiber reinforcement layers obtained
by arranging continuous carbon fibers in a sheet shape in one direction are laminated on top of another in specific
arranging directions.
[0004] Patent Document 2 discloses a sandwich structure including a core material having pores, and a fiber reinforcing
material disposed on both surfaces of the core material and constituted of continuous carbon fibers and a matrix resin.
[0005] Patent Document 3 discloses a composite molded article in which continuous fiber reinforcement fabric including
at least carbon fibers are disposed on both surface of a soft member layer to produce a sheet, the resulted sheet is set
in an injection mold, and then resin parts are injection-molded on a side of the sheet.
[0006] Also, Patent Document 4 discloses a method for manufacturing a sandwich type composite material having
elasticity, in which fabric sheets formed of glass fibers impregnated with an epoxy resin are arranged on top of another
in a mold, and then an urethane resin foam is foamed between the fabric sheets (see Example 1 of Patent Document 4).
[0007] However, in fiber-reinforced molded products having fiber fabrics, such as a carbon fiber fabric or a glass fiber
fabric, on a surface thereof, stepped portions are created between portions 215, in which fibers are superimposed, and
texture gaps 216 on the surface of the molded article, as shown in Fig. 8. As a result, a surface roughness of the surface
is increased due to an influence of the stepped portions, and the influences of the stepped portions cannot be reduced
even if exterior coating is performed. Thus, it is difficult to obtain a smooth surface. A reference numeral 221 designates
transverse fibers and a reference numeral 222 designates longitudinal fibers.
[0008] Also, when exterior coating has been performed, air bubbles are remained in the stepped portions, so that
pinholes can be created on the surface of the coating film. In particular, an appearance state after exterior coating is
important for a use in which exterior coating is usually performed from the viewpoint of improving aesthetic appearance
and the like. In general, inorganic materials, such as carbon fibers, do not have a good compatibility (adhesion) with
urethane coatings or UV coatings, and thus there is also a possibility that coating film may be peeled off.

Prior Art Documents

Patent Document

[0009]

Patent Document 1: JP 2004-209717 A
Patent Document 2: WO2006/028107
Patent Document 3: JP 2007-038519 A
Patent Document 4: JP 01-163020 A

[0010] A further fiber-reinforced molded product is disclosed in document JP 7040490 A.

Summary of Invention

Problem to be Solved by Invention

[0011] Accordingly, the present invention has been made keeping in mind the above problems, and an object of the
present invention is to provide a fiber-reinforced molded product which has a low surface roughness of a surface before
coating and a good external appearance after coating, thereby eliminating a possibility that a coating film may be peeled
off, and a method for manufacturing the same.
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Means for Solving the Problem

[0012] To solve the object, according to the present invention, there is provided a fiber-reinforced molded product
including: a core material; a fiber reinforcing material laminated on at least one surface of the core material; and a surface
material laminated on the fiber reinforcing material. The core material, the fiber reinforcing material and the surface
material are integrated. The fiber reinforcing material includes a fiber fabric and a thermosetting resin impregnated into
the fiber fabric and cured. The surface material includes a porous sheet having open cells, the number of cells being 8
to 80 cells/25mm, and a thermosetting resin impregnated into the porous sheet and cured. The surface material has a
surface roughness Rz of 30 mm or less.
[0013] In the fiber-reinforced molded product described above, the porous sheet may be made of a resin foam.
[0014] In the fiber-reinforced molded product described above, the resin foam may be an urethane resin foam.
[0015] In the fiber-reinforced molded product described above, the resin foam may be an urethane resin foam from
which cell membranes are removed.
[0016] In the fiber-reinforced molded product described above, the core material may include a core material member
having open cells, and a core material thermosetting resin impregnated into the core material member and cured; and
the core material, the fiber reinforcing material, and the surface material may be integrated by the thermosetting resin
and the core material thermosetting resin.
[0017] In the fiber-reinforced molded product described above, the core material thermosetting resin may be the same
as the thermosetting resin.
[0018] In the fiber-reinforced molded product described above, the fiber reinforcing material may be laminated on both
surfaces of the core material respectively, and the surface material may be laminated on at least one surface of the fiber
reinforcing material.
[0019] In the fiber-reinforced molded product described above, the core material may include a plurality of core material
members.
[0020] In the fiber-reinforced molded product described above, a surface of the surface material may be provided with
a coating film, and the coating film may have a surface roughness of 25 mm or less.
[0021] Further, according to the present invention, there is provided a method for manufacturing a fiber-reinforced
molded product. The fiber-reinforced molded product includes: a core material including a core material member; a fiber
reinforcing material including a fiber fabric and laminated on at least one surface of the core material; and a surface
material including a porous sheet and laminated on the fiber reinforcing material. The method including the steps of:
impregnating at least one of the core material member and the fiber fabric with a thermosetting resin; laminating the
fiber fabric and the porous sheet in this order on at least one surface of the core material member, the porous sheet
having open cells, the number of cells being 8 to 80 cells/25mm, and a thickness of 0.4 to 3.0 mm; and compressing
and heating the core material member, the fiber fabric and the porous sheet, thereby impregnating the core material
member, the fiber fabric and the porous sheet with the thermosetting resin, curing the thermosetting resin, and integrating
the core material member, the fiber fabric and the porous sheet.
[0022] In the method for manufacturing a fiber-reinforced molded product described above, the fiber reinforcing material
may be laminated on both surfaces of the core material respectively. The impregnating step may include impregnating
the core material member with the thermosetting resin such that a resin ratio R, defined by Equation (B1) below, is 50
to 80 %. The laminating step may include laminating at least the fiber fabric on the other surface of the core material
member. The compressing and heating step may include curing the thermosetting resin in a state in which the core
material member is compressed such that a compression rate C, defined by Equation (A1) below, is 200 to 5000%. The
fiber-reinforced molded product may have a flexural modulus of 30 GPa or more. 

(Ta: a thickness of the core material member after compression, Tb: a thickness of the core material member before
compression, C: a compression rate) 

(Wa: a total weight of the core material member, the fiber fabric and the porous sheet, Wb: a total weight of the core
material member, the fiber fabric and the porous sheet after impregnation of the thermosetting resin, and R: a resin ratio)
[0023] In the method for manufacturing a fiber-reinforced molded product described above, the compression rate of
the core material member may be 1000 to 2600 %.
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[0024] In the method for manufacturing a fiber-reinforced molded product described above, the porous sheet may be
made of an urethane resin foam from which cell membranes are removed.
[0025] In the method for manufacturing a fiber-reinforced molded product described above, the impregnating step
may include impregnating both of the core material member and the fiber fabric with the thermosetting resin made of
same material.
[0026] In the method for manufacturing a fiber-reinforced molded product described above, the laminating step may
include: producing a prepreg having the fiber fabric impregnated with the thermosetting resin and the porous sheet
laminated on the fiber fabric; and laminating the prepreg on the core material member such that the fiber fabric contacts
the core material member.
[0027] In the method for manufacturing a fiber-reinforced molded product described above, the laminating step may
include: producing two sheets of prepregs, each having the fiber fabric impregnated with the thermosetting resin and
the porous sheet laminated on the fiber fabric; and laminating the prepregs on both surfaces of the core material member
respectively such that the fiber fabric of one of the prepregs contacts the core material member and such that the porous
sheet of the other prepreg contacts the core material member.
[0028] Further, according to the present invention, there is provided a fiber-reinforced molded product including: a
core material including a core material member having open cells; a fiber reinforcing material including a fiber fabric and
laminated on both surfaces of the core material; and a surface material including a porous sheet and laminated on at
least one surface of the fiber reinforcing material. The core material, the fiber reinforcing material and the surface material
are integrated by a thermosetting resin. The core material is formed by impregnating the core material member with the
thermosetting resin and by curing the thermosetting resin in a state that the core material member is compressed, and
has a compression rate C, defined by Equation (A1) below, of 200 to 5000%. The thermosetting resin has a resin ratio
R, defined by Equation (B1) below, of 50 to 80 %. The fiber-reinforced molded product has a flexural modulus of 30 GPa
or more. 

(Ta: a thickness of the core material member after compression, Tb: a thickness of the core material member before
compression, C: a compression rate) 

(Wa: a total weight of the core material member, the fiber fabric and the porous sheet, Wb: a total weight of the core
material member, the fiber fabric and the porous sheet after impregnation of the thermosetting resin, and R: a resin ratio)
[0029] Further, according to the present invention, there is provided a method for manufacturing a fiber-reinforced
molded product. The fiber-reinforced molded product includes: a core material including a core material member; a fiber
reinforcing material including a fiber fabric and laminated on both surfaces of the core material; and a surface material
including a porous sheet having open cells and laminated on at least one surface of the fiber reinforcing material. The
method includes the steps of: impregnating at least one of the core material member and the fiber fabric with a thermo-
setting resin; laminating the fiber fabric on each surfaces of the core material member and laminating the porous sheet
on at least one surface of the laminated fiber fabric; and compressing and heating the core material member, the fiber
fabrics and the porous sheet, thereby impregnating the core material member, the fiber fabrics and the porous sheet
with the thermosetting resin, curing the thermosetting resin, and integrating the core material member, the fiber fabrics
and the porous sheet. The impregnation in the impregnating step is performed such that a resin ratio R, defined by
Equation (B1) below, is 50 to 80 %. The compression in the compressing and heating step is performed such that a
compression rate C, defined by Equation (A1) below, is 200 to 5000%. 

(Ta: a thickness of the core material member after compression, Tb: a thickness of the core material member before
compression, C: a compression rate) 
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(Wa: a total weight of the core material member, the fiber fabric and the porous sheet, Wb: a total weight of the core
material member, the fiber fabric and the porous sheet after impregnation of the thermosetting resin, and R: a resin ratio)

Advantages of Invention

[0030] According to the fiber-reinforced molded product of the present invention, the surface material is formed by
impregnating a thermosetting resin into a porous sheet having open cells, the number of the cells being 8 to 80 cells/25mm,
by capillary action and then curing the thermosetting resin. Accordingly, the thermosetting resin can easily ooze out to
the surface through open cells, and thus the thermosetting resin oozed out to the surface of the surface material can
form a smooth surface. As a result, the surface roughness of the surface material can become 30 mm or less, thereby
achieving a fiber-reinforced molded product having a reduced surface roughness and a good appearance.
[0031] Also, because the most of the smooth surface is formed of the thermosetting resin oozed out of the porous
sheet, the surface is integrated with the fiber-reinforced molded product, thereby preventing the surface from being
peeled off together with a coating film. In addition, the fiber-reinforced molded product of the present invention has a
good coating film adhesion, because the thermosetting resin has a high adhesion to the coating film.
[0032] According to the method for manufacturing a fiber-reinforced molded product of the present invention, a fiber-
reinforced molded product having an excellent appearance as described above can be easily obtained.
[0033] In addition, according to the fiber-reinforced molded product of the present invention, a resin ratio R is set to
50 to 80% and a compression rate C are set to 200 to 5000%. Thus, the core material can be densely filled with the
thermosetting resin without gaps, so that a fiber-reinforced molded product having a sufficiently high stiffness can be
obtained. Also, because the surface material includes the porous sheet having open cells, the thermosetting resin oozed
out of the porous sheet by capillary action can be cured on the surface of the porous sheet, thereby obtaining a fiber-
reinforced molded product having a smooth surface with an excellent appearance.
[0034] Also, according to the method for manufacturing a fiber-reinforced molded product of the present invention, a
fiber-reinforced molded product having a high stiffness and an excellent appearance as described above can be easily
obtained.

Brief Description of Drawings

[0035]

Fig. 1 is a cross sectional view showing a fiber-reinforced molded product according to an embodiment 1 of the
present invention.
Fig. 2 is a cross sectional view showing the fiber-reinforced molded product of Fig. 1 in which a coating film is
provided on a surface of a surface material thereof.
Fig. 3 is a view showing steps of a manufacturing method according to an embodiment 1-(1) of the present invention.
Fig. 4 is a view showing steps of a manufacturing method according to an embodiment 1-(2) of the present invention.
Fig. 5 is a view showing steps of a manufacturing method according to an embodiment 1-(3) of the present invention.
Fig. 6 is a view showing steps of a manufacturing method according to an embodiment 1-(4) of the present invention.
Fig. 7 is a view showing steps of a manufacturing method according to a modified example of the embodiment 1-(4)
of the present invention.
Fig. 8(a) is a plan view showing a fiber fabric and Fig. 8(b) is a cross-sectional view thereof.

Embodiments of Invention

[0036] A fiber-reinforced molded product according to an embodiment of the present invention will be now described
in detail with reference to the accompanying drawings.
[0037] A fiber-reinforced molded product 10 according to an embodiment of the present invention shown in Fig. 1
includes a core material 11, fiber reinforcing materials 21 integrally laminated on both surfaces of the core material 11,
and a surface material 25 integrally laminated on a surface of the fiber reinforcing material 21 at one side of the core
material 11, and can be used for a housing of portable devices, such as laptop computers, after a surface of the surface
material 25 is coated.
[0038] In an example shown, on a side A of the fiber-reinforced molded product 10 on which coating is to be performed,
the fiber reinforcing material 21 and the surface material 25 laminated on the core material 11, and, on a side B on which
coating does not to be performed, only the fiber reinforcing material 21 is laminated but the surface material 25 is not
laminated. However, depending on a use of the fiber-reinforced molded product 10 and the like, both of the fiber reinforcing
material 21 and the surface material 25 may not be laminated on the side B on which coating is not formed. Also, in a
case of a use in which coating is performed on both sides of the fiber-reinforced molded product 10, the surface materials
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25 may be preferably laminated on surfaces of the fiber reinforcing materials 21 on both sides of the core material 11.
[0039] The fiber-reinforced molded product 10 is a plate-shaped member having a predetermined size. The fiber-
reinforced molded product 10 has a thickness of 0.3 to 2.0 mm and a flexural modulus (JIS K 7074-1988 Method A) of
30 GPa or more and 60 GPa or less, preferably 35 GPa or more and 55 GPa or less. A specific gravity of the fiber-
reinforced molded product 10 is 1.2 or more and 1.5 or less, preferably, 1.28 or more and 1.35 or less.
[0040] If the thickness of the fiber-reinforced molded product 10 is smaller than 0.3 mm, stiffness cannot be obtained,
and if the thickness is thicker than 2.0 mm, the entire portable devices become thick. When the fiber-reinforced molded
product 10 is used as a housing of portable devices, a side wall and the like of the housing are disposed upright at
predetermined surface positions, by so-called outsert molding, such as injection molding.
[0041] The core material 11 has a sheet-shaped core material member and is preferably formed by impregnating a
core material resin foam having open cells with a thermosetting resin (a core material thermosetting resin) and by curing
the thermosetting resin. A material for the core material member is not particularly limited and can be selected from
thermosetting resin foams, such as an urethane resin foam or a melamine resin foam. When flame retardant is required
for the fiber-reinforced molded product 10, the core material member preferably has flame retardant. In this regard, the
melamine resin foam is suitable as the core material member, because the melamine resin foam has a good flame
retardant.
[0042] The core material 11 more preferably has the core material thermosetting resin cured with the core material
member compressed. By curing the core material thermosetting resin with the core material member compressed, a
reduced thickness and an enhanced stiffness of the fiber-reinforced molded product 10 can be achieved. Meanwhile, a
compression degree is preferably set such that the fiber-reinforced molded product can obtain a thickness of 0.3 mm to
2.0 mm when manufacturing the fiber-reinforced molded product as described below.
[0043] An uncompressed thickness of the core material member can be varied depending on a compression rate, but
is preferably in a range of 1 mm to 25 mm when attempting to obtain a fiber-reinforced molded product having a thickness
of, for example, 2 mm or less. When the uncompressed thickness is within such a range, a moderate amount of the core
material thermosetting resin can be impregnated and a yield after heating and compression can also be enhanced.
[0044] When the uncompressed thickness is smaller than 1 mm, the impregnated core material thermosetting resin
is not held in the core material member, as a result of which non-uniformity in resin ratio is arisen, thereby decreasing
the flexural modulus (stiffness). If the uncompressed thickness is larger than 25 mm, it is difficult to compress the core
material member when attempting to obtain a fiber-reinforced molded product having a thickness of 2 mm or less, and
thus the fiber-reinforced molded product having a uniform thickness cannot be obtained. Also, from the viewpoint of
ease of compression, impregnating ability, lightness and stiffness, the core material member preferably has a density
of 5 kg/m3 to 80 kg/m3 before compression thereof.
[0045] A material for the core material thermosetting resin is not particularly limited, but to increase stiffness of the
fiber-reinforced molded product 10, the core material thermosetting resin itself needs to have a certain degree of stiffness.
In this regard, the core material thermosetting resin may be selected from a group consisting of an epoxy resin, a phenolic
resin, and a mixture of an epoxy resin and a phenolic resin. When flame retardant is required for the fiber-reinforced
molded product 10, the core material thermosetting resin preferably has flame retardant. Phenolic resin is suitable as
the core material thermosetting resin because phenolic resin has a good flame retardant.
[0046] The fiber reinforcing material 21 is formed by impregnating a fiber fabric with a thermosetting resin (a reinforcing
material thermosetting resin) and curing the thermosetting resin. Examples of the fiber fabric include fabrics formed by
glass fibers, carbon fibers and the like, but a carbon fiber fabric is particularly preferable as the fiber fabric in terms of
lightness and high stiffness. Also, the fiber fabric may preferably be a fabric whose fibers are not aligned only in one
direction but be woven. For example, a plain woven fabric, a twill woven fabric, and a sateen woven fabric which are
formed from warp threads and weft threads, and a triaxial woven fabric formed from three-way threads are suitable.
Also, when the carbon fiber fabric is used as the fiber fabric, a fiber weight of the carbon fiber fabric is preferably 90
g/m2 to 400 g/m2 from the viewpoint of impregnation and stiffness of the thermosetting resin.
[0047] The thermosetting resin for the reinforcing material is not particularly limited, but to increase stiffness of the
fiber-reinforced molded product 10, the reinforcing material thermosetting resin itself needs to have a certain degree of
stiffness. In this regard, the reinforcing material thermosetting resin may be selected from a group consisting of an epoxy
resin, a phenolic resin, and a mixture of an epoxy resin and a phenolic resin. Also, when flame retardant is required for
the fiber-reinforced molded product 10, the reinforcing material thermosetting resin preferably has flame retardant.
Phenolic resin is suitable as the reinforcing material thermosetting resin because phenolic resin has a good flame
retardant. In addition, the core material thermosetting resin and the reinforcing material thermosetting resin may be the
same thermosetting resin.
[0048] Preferably, when melamine resin is used as resin foam for the core material 11 and phenolic resin is used as
the core material thermosetting resin and the reinforcing material thermosetting resin, a fiber-reinforced molded product
having flame retardant sufficient for a housing of portable devices, such as laptop computers, can be obtained even if
an additional flam retardant material is not used.
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[0049] Preferably, the total amount of the thermosetting resin including the core material thermosetting resin and the
reinforcing material thermosetting resin in the entire fiber-reinforced molded product 10 is set such that a resin ratio R
(weight percentage) expressed by Equation (B1) below is 50 % to 80 %, more particularly 55 % to 70 %.
Due to such a resin ratio, the fiber-reinforced molded product 10 can be enhanced in terms of lightness and stiffness,
even if the thickness thereof is reduced. 

(Wa: a total weight of the core material member, the fiber fabric and a porous sheet, Wb: a total weight of the core
material member, the fiber fabric and the porous sheet after impregnation of the thermosetting resin, and R: a resin ratio)
[0050] If the thermosetting resin dissolved in a solvent is used, the weight after impregnation of the thermosetting resin
in Equation (B1) of the resin ratio is the weight after removing the solvent by drying after impregnation.
[0051] The surface material 25 is formed of a porous sheet into which at least one thermosetting resin of the core
material thermosetting resin and the reinforcing material thermosetting resin (hereinafter, when the core material ther-
mosetting resin and the reinforcing material thermosetting resin are described without being specifically distinguished
from each other, the core material thermosetting resin and the reinforcing material thermosetting resin are referred to
as only thermosetting resin) is impregnated and cured. Also, during a compressing and heating step in manufacturing
of the fiber-reinforced molded product 10 as described below, the thermosetting resin impregnated into the porous sheet
is oozed out to a surface of the porous sheet and cured on the surface, so that a smoothed resin layer is formed on the
surface of the surface material 25. As a result, the surface material 25 has a surface roughness of 30 mm or less, more
preferably 24 mm or less. If the surface roughness is greater than 30 mm, unevenness can be observed on the surface
of the surface material 25 after the surface is coated, and as a result, it is difficult to obtain a well coated surface. Also,
when the surface of the surface material 25 is polished after the thermosetting resin is cured, the surface roughness
can be further reduced.
[0052] The surface material as described above is formed by impregnating the thermosetting resin into the porous
sheet having open cells, the number of cells being 8 to 80 cells/25mm by capillary action and then curing the thermosetting
resin. Accordingly, the thermosetting resin can easily ooze out to the surface through open cells, and thus the thermo-
setting resin oozed out to the surface of the surface material can form a smooth surface. As a result, the surface roughness
of the surface material is made to be 30 mm or less, thereby achieving the fiber-reinforced molded product having a
reduced surface roughness and a good appearance.
[0053] Also, because the most of the smooth surface is formed of the thermosetting resin oozed out of the porous
sheet, the surface is integrated with the fiber-reinforced molded product, thereby preventing the surface from being
peeled off together with a coating film. In addition, the thermosetting resin has a high adhesion to the coating film, thereby
achieving a good coating film adhesion.
[0054] The porous sheet is formed of a porous material having open cells to allow the thermosetting resin to be well
impregnated and to form an even resin layer on the surface thereof. A material for the porous sheet is not particularly
limited, but in addition to porosity, is preferably a material which is not melt by heat in the compressing and heating step
and has heat resistance sufficient to prevent the cells from being closed. The type of the porous sheet is not also
particularly limited and can be properly selected from a woven fabric, a non-woven fabric, a paper, a foam and the like.
[0055] When a resin foam having open cells is used as the porous sheet, the resin foam has stable resin skeletons
as compared to a porous body formed of fibers, thereby keeping pores. As a result, permeability of air and flowability of
matrix resin can be enhanced and the thermosetting resin can easily ooze out to the surface of the porous sheet, so
that the smooth surface can be easily achieved. Among resin foams having open cells, the porous sheet formed of an
urethane resin foam is preferred in that the porous sheet can be easily handled, have a good lightness, and effectively
decrease stepped portions in texture gaps and the like of the fiber fabric of the fiber reinforcing material 21 by compression.
[0056] Also, when the porous sheet is formed of an urethane resin foam, it is more preferable that cell membranes
be removed by a known membrane removing treatment, such as a dissolution treatment or an explosion treatment. The
urethane resin foam, from which cell membranes are removed, has an open cell structure providing a good liquid
permeability, so that the thermosetting resin is easy to be impregnated into the porous sheet and then to oozed out to
the surface of the porous sheet during the compressing and heating step. Thus, the core material 11 is more securely
integrated with the fiber reinforcing material 21 and the surface material 25 by curing of the thermosetting resin, and
also the smooth surface is easily obtained by curing of the thermosetting resin oozed out of the surface of the porous sheet.
[0057] Contrarily, the urethane resin foam, from which cell membranes are not removed, has cell membranes remained
therein, so that impregnation and exudation of the thermosetting resin are poor when using as the porous sheet. As a
result, surface smoothness and coating adhesion (i.e., a degree of difficulty in peeling off a coating film) are decreased.
[0058] The porous sheet has preferably a cell number of 8 to 80 cells/ 25mm (JIS K6400-1). If the cell number is
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smaller than 8 cells/25 mm, pores (pores space) are excessively large when being processed in a thin sheet form, and
thus tend to be difficult to hold an amount of the thermosetting resin required to fill unevenness of the fiber fabric.
Contrarily, if the cell number is greater than 80 cells/25 mm, pores become small to decrease impregnating ability of the
thermosetting resin, and thus the thermosetting resin is difficult to be sufficiently oozed out of the surface of the porous
sheet.
[0059] A thickness of the porous sheet used can be varied depending on a material thereof, but is 0.4 mm to 3.0 mm
in an uncompressed state (before manufacturing of the fiber-reinforced molded product), preferably 0.6 mm to 3.0 mm.
If the thickness in the uncompressed state is smaller than 0.4 mm, it is difficult to form a uniform resin layer on the surface
of the surface material 25 during the compressing and heating step in manufacturing of the fiber-reinforced molded
product 10, thereby decreasing surface smoothness of the fiber-reinforced molded product 10. Contrarily, if the thickness
of the porous sheet in the uncompressed state (before manufacturing of the fiber-reinforced molded product) is greater
that 3.0 mm, the flexural modulus of the fiber-reinforced molded product 10 is decreased and also the thermosetting
resin tends to be non-uniformly oozed out of the porous sheet upon manufacturing of the fiber-reinforced molded product
10, thereby decreasing surface smoothness of the surface material 25.
[0060] The integration of the core material 11 with the fiber reinforcing material 21 and the surface material 25 can be
performed by applying or impregnating the thermosetting resin on or into at least one of the core material and the fiber
fabric, laminating the fiber fabric and the porous sheet in this order on at least one surface of the core material, and then
curing the thermosetting resin in a compressed state.
[0061] When the thermosetting resin is applied on or impregnated into both of the core material and the fiber fabric,
the core material thermosetting resin and the fiber reinforcing material thermosetting material may be the same type or
different types, but the same type is preferred for a good adhesion between the core material 11 and the fiber reinforcing
material 21.
[0062] The surface of the surface material 25 of the fiber-reinforced molded body 10 is coated in a method depending
on use, to form a coating film. Examples of coating materials include urethane-based, acrylic-based, polyester-based,
acetic acid-based coatings and the like, and examples of the method of coating include spraying, coater processing,
dipping and the like. Although an amount of coating is determined optionally, the coating film 27 can be, for example,
formed to have a film thickness of 5 to 40 mm. Fig. 2 shows the fiber-reinforced molded product provided with the coating
film 27 by coating the surface of the surface material 25. The surface roughness of the coating film 27 is 25mm or less,
more preferably less than 20mm.
[0063] Meanwhile, the fiber reinforcing materials 21 were preferably laminated on both surfaces of the core material
11. When the fiber reinforcing materials 21 were laminated on both surfaces, the tensile strength in both surfaces of the
fiber-reinforced molded product can be enhanced and the bending strength of the entire fiber-reinforced molded product
is enhanced. In this case, when considering only the tensile strength, the fiber reinforcing material 21 can be preferably
disposed in the outermost layer of the fiber-reinforced molded product
[0064] However, upon manufacturing of the fiber-reinforced molded product, a case in which the thermosetting resin
is not crowded around the surface of the fiber fabric of the fiber reinforcing material 21 can occur, thereby causing
unevenness in the surface and in turn deteriorating the appearance of the fiber-reinforced molded product. Therefore,
the surface material (porous sheet) 25, which is well compatible with the thermosetting resin and is thinner than the core
material 11, is disposed on the fiber fabric to form pores, into which the thermosetting resin is to be flowed, in the surface
of the fiber fabric, so that the porous sheet can soak up the thermosetting resin, which has penetrated through the fiber
fabric, by capillary action. Then, by curing a thin layer of the thermosetting resin oozed out to the surface of the porous
sheet is cured, a smooth surface can be formed on the fiber-reinforced molded product. Thus, the fiber-reinforced molded
product, of which the bending strength is compatible with the appearance, can be achieved.
[0065] Hereinafter, methods for manufacturing a fiber-reinforced molded product according to embodiments 1-(1) to
1-(4) of the present invention will be described.

< Embodiment 1-(1) >

[0066] Firstly, a method for manufacturing a fiber-reinforced molded product according to the embodiment 1-(1) of the
present invention will be described with reference to Fig. 3. The method for manufacturing a fiber-reinforced molded
product 10 includes an impregnating step, a laminating step, and a compressing and heating step, as described below.
In the method for manufacturing the fiber-reinforced molded product according to the embodiment 1-(1) as described
below, a fiber fabric 21A only is impregnated with a reinforcing material thermosetting resin 21 B during the impregnating
step.
[0067] In the impregnating step as shown in Fig. 3(3-1), the reinforcing material thermosetting resin 21B is impregnated
into or applied on the fiber fabric 21A, thereby an impregnated fiber fabric 21C. As used herein, the term ’impregnation’
means that, in addition to immersing the fiber fabric 21A into a bath containing the reinforcing material thermosetting
resin 21B in a liquid state as shown, the reinforcing material thermosetting resin is adhered or applied by a sprayer or
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a roll coater, or the reinforcing material thermosetting resin 21B is suitably held in the fiber fabric 21 in other manners.
[0068] For the fiber fabric 21A and the reinforcing material thermosetting resin 21B, materials as described above are
used. The reinforcing material thermosetting resin 21B is formed of an un-cured liquid. Also, the reinforcing material
thermosetting resin 21B is preferably dissolved in a solvent to facilitate impregnation, and after impregnation, the im-
pregnated fiber fabric 21C is dried at a temperature which does not cause a curing reaction of the reinforcing material
thermosetting resin 21B, thereby removing the solvent from the impregnated fiber fabric 21C.
[0069] In this impregnating step, the reinforcing material thermosetting resin 21B is preferably impregnated into the
fiber fabric 21A, so that a resin ratio R expressed by Equation (B 1) below is 50 % to 80 %, particularly 55 % to 70 %. 

(Wa: a total weight of a core material member, the fiber fabric and a porous sheet, Wb: a total weight of the core material
member, the fiber fabric and the porous sheet after impregnation of the thermosetting resin, and R: a resin ratio)
[0070] In the impregnating step, the total weight of the thermosetting resin 21B impregnated into the fiber fabric 21A
is a value equal to Wb-Wa in Equation (B1) of the resin ratio R. Also, if the thermosetting resin dissolved in a solvent is
used, the weight after impregnation of the thermosetting resin in Equation (B1) of the resin ratio R is the weight after
removing the solvent by drying after impregnation.
[0071] Then, in the laminating step as shown in Fig. 3(3-2), the impregnated fiber fabrics 21C are disposed on both
surfaces of the core material member 11A, and then a porous sheet 25A is additionally disposed on a surface of the
impregnated fiber fabric 21C at one side of the core material member 11A, thereby obtaining a laminate 10A. For the
core material member 11 A and the porous sheet 25A, materials as described above are used. The porous sheet 25A
used here is a sheet having open cells with a cell number of 8 to 80 cells/ 25 mm and a thickness of 0.4 to 3.0 mm.
[0072] The laminating operation may be performed by superimposing the impregnated fiber fabric 21C, the core
material member 11A, the impregnated fiber fabric 21C and the porous sheet 25 in this order, on an upper surface of a
lower mold (a lower press forming mold) 31 used in the subsequent compressing and heating step. In addition, the
impregnated fiber fabric 21C, the core material member 11A and the porous sheet 25A are preferably the same in plane
size, but if different, may be trimmed after compressing and heating step as described below.
[0073] Next, in the compressing and heating step as shown in Fig. 3(3-3), the laminate 10A is heated and compressed
by the lower mold 31 and an upper mold 33. A compression degree is set such that a compression rate C defined by
Equation A1 below becomes 200 to 5000%, preferably 1000 to 2,600 %. By this range in the compression rate C, thinning
and stiffness of the fiber reinforced molded product 110 can be enhanced. 

(Ta: a thickness of the core material member after compression, Tb: a thickness of the core material member before
compression, C: a compression rate).
[0074] The compression is preferably performed such that the laminate 10A has a thickness of 0.3 to 2.0 mm. In the
compressing and heating step, a spacer is disposed at an appropriate position between the lower mold 31 and the upper
mold 33, so that a distance spaced between the lower mold 31 and the upper mold 33 becomes a predetermined gap
(i.e., a predetermined compressed thickness of the laminate 10A). Also, a method for heating the laminate 10A is not
particularly limited, but performing heating through the lower mold 31 and the upper mold 33 provided with heating
means, such as a heater, is a simple method. A heating temperature is set to be equal to or higher than a curing reaction
temperature of the reinforcing material thermosetting resin 21 B impregnated.
[0075] When the laminate 10A is compressed during the compressing and heating step, the reinforcing material
thermosetting resin 21B is extruded from the impregnated fiber fabric 21C of the laminate 10A, to be impregnated into
or applied on the core material member 11A in contact with the impregnated fiber fabric 21C and also impregnated into
the porous sheet 25A. The reinforcing material thermosetting resin 21B impregnated into the porous sheet 25A is oozed
out to a surface of the porous sheet 25A and cured, thereby forming a resin layer having a smooth surface.
[0076] In this way, because the surface material 25 is formed by impregnating the thermosetting resin 21B into the
porous sheet 25A having open cells, the number of cells being 8 to 80 cells/25mm by capillary action and then curing
the thermosetting resin 21B, the thermosetting resin 21B can easily ooze out to the surface through open cells. Thus,
the thermosetting resin 21B oozed out to the surface of the surface material 25 forms a smooth surface. As a result, the
surface roughness of the surface material 25 can become 30 mm or less, thereby achieving the fiber-reinforced molded
product having a reduced surface roughness and a good appearance. Also, because the smooth surface is formed of
the thermosetting resin 21 B oozed out of the porous sheet 21 A, the smooth surface is integrated with the fiber-reinforced
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molded product, thereby preventing the surface from being peeled off together with the coating film 27. In addition, the
thermosetting resin 21B has a high adhesion to the coating film 27, thereby achieving a good coating film adhesion.
[0077] During the compressing and heating step, the surplus reinforcing material thermosetting resin 21B exceeding
a space volume of the core material member 11A, the fiber fabric 21 A and the porous sheet 25A after compression is
extruded to the outside of the molds. Also, the reinforcing material thermosetting resin 21B is densely filled such that
no pores are substantially present in the laminate 10A, except micro voids present in the reinforcing material thermosetting
resin 21B or micro pores unintentionally created therein. As a result, the stiffness of the laminate 10A can be enhanced.
[0078] The curing reaction of the reinforcing material thermosetting resin 21 B impregnated into the laminate 10A is
initiated by heating and thus the reinforcing material thermosetting resin 21B is cured in a state that the laminate 10A
is compressed. When the core material member 11A has open cells, the reinforcing material thermosetting resin 21 B
impregnated into the impregnated fiber fabric 21C is oozed out and impregnated into the core material member 11A,
and the reinforcing material thermosetting resin 21B is cured in a state that the laminate 10A is compressed. Also, when
the porous sheet 25A is formed of an urethane resin foam, the reinforcing material thermosetting resin is cured in a state
that the porous sheet 25A is also compressed. Thus, the core material member 11A, the fiber fabric 21A and the porous
sheet 25A are integrated by curing of the reinforcing material thermosetting resin 21B.
[0079] As a result, the core material 11 is formed by the core material member 11A, the fiber reinforcing material 21
is formed by the impregnated fiber fabric 21C, the surface material 25 is formed by the porous sheet 25A, and the core
material 11, the fiber reinforcing material 21 and the surface material 25 are integrated by the reinforcing material
thermosetting resin, thereby forming the fiber-reinforced molded product 10.
[0080] Then, when heating and compressing is stopped, the fiber-reinforced molded product 10 can be obtained. In
this way, the surface of the surface material 25 of the fiber-reinforced molded product 10 become a smooth surface by
curing of the reinforcing material thermosetting resin 2 1 B oozed out to the surface of the porous sheet 25A.
[0081] Also, when the resin ratio R and the compression rate C are set to the predetermined ranges as described
above, the fiber-reinforced molded product, which has a light weight and a high stiffness, can be provided. In this time,
to achieve a high compression rate, a resin foam is preferably used as the core material member 11A.
[0082] When a core material member having open cells is used as the core material member 11A, the thermosetting
resin 21B is adhered on an open cell structure of the core material member 11A, so that the thermosetting resin 21B is
uniformly dispersed in the core material member 11A. In this state, by curing the thermosetting resin 21B, the thermosetting
resin 21B can be densely filled in the core material member 11A, thereby obtaining the fiber-reinforced molded product
in which the bending strength and the adhesive strength between the core material and the fiber reinforcing material 21
are enhanced.
[0083] Also, when the compression rate C and the resin ratio R defined by Equations (A1) and (B1) are respectively
set to ranges of 200 to 5000% and 50 to 80%, sizes of micro pores contained in the fiber-reinforced molded product can
be reduced. In addition, when the compression rate C and the resin ratio R are set to the predetermined ranges and
also a resin foam is used as the core material member 11A, uniformity of foam resin strands of the resin foam dispersed
in the thermosetting resin 21B can be enhanced, so that the strength of the fiber-reinforced molded product can be
uniformed. In other words, portions of the fiber reinforced molded product which are weak in strength are removed. In
this case, when the fiber-reinforced molded product is manufactured by curing the resin foam in a compressed state,
distances between strands of the resin foam become smaller than distances between strands before compression, and
the skeletons of the resin foam are also flattened in a direction of the thickness of the fiber-reinforced molded product.

< Embodiment 1-(2) >

[0084] Next, a fiber-reinforced molded product and a method for manufacturing the same according to the embodiment
1-(2) of the present invention will be described with reference to Fig. 4.
[0085] In the foregoing embodiment 1-(1), the fiber fabric 21A is impregnated with the reinforcing material thermosetting
resin 21B during the impregnating step, thereby forming the impregnated fiber fabric 21C. Contrarily, in the embodiment
1-(2), the core material member 11A is impregnated with a core material thermosetting resin 11B during the impregnating
step, thereby forming an impregnated core material member 11C.
[0086] When a resin foam having open cells is used as the core material member 11A, the core material thermosetting
resin 11B is impregnated into the core material member 11A. On the other hand, when a member, such as a non-porous
member, which is difficult to be impregnated, is used as the core material member 11A, the core material thermosetting
resin 11B may be adhered on the surface of the core material member 11A. Meanwhile, in the following description,
unless otherwise mentioned, adhering the core material thermosetting resin 11B on the surface of the core material
member 11A is also intended to include impregnating the core material thermosetting resin 11B into the core material
member 11A.
[0087] The core material member 11A and the core material thermosetting resin 11B are the same as described with
respect to the fiber-reinforced molded material 10. The core material thermosetting resin 11 B used in the impregnating
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step is formed of an un-cured liquid. Also, the core material thermosetting resin 11B is preferably dissolved in a solvent
to facilitate impregnation, and after impregnation, the impregnated core material member 11C is dried at a temperature
which does not cause a curing reaction of the core material thermosetting resin 11B, thereby removing the solvent from
the impregnated core material member 11C.
[0088] The impregnation is preformed by a suitable method, such as immersing the core material member 11A into
a bath containing the core material thermosetting resin 11B in a liquid state, applying the thermosetting resin by a sprayer,
or applying the thermosetting resin by a roll coater. The core material thermosetting resin 11B is preferably impregnated
into or adhered on the core material 11A, so that the resin ratio R as described above is 50 % to 80 %, particularly 55
% to 70 %. In the impregnating step, the weight of the core material thermosetting resin 11B impregnated into the core
material member 11A is a value equal to Wb-Wa in Equation (B1) of the resin ratio R. If the thermosetting resin dissolved
in a solvent is used, the weight after impregnation of the thermosetting resin in Equation of the resin ratio R is the weight
after removing the solvent by drying after impregnation.
[0089] Then, in a laminating step as shown in Fig. 4(4-2), the fiber fabrics 21A are disposed on both surfaces of the
impregnated core material member 11C, and then a porous sheet 25A is additionally disposed on a surface of the fiber
fabric 21A at one side of the impregnated core material member 11C, thereby obtaining a laminate 10B. The fiber fabric
21A and the porous sheet 25A are the same as described with respect to the fiber-reinforced molded product 10.
[0090] The laminating operation may be performed by superimposing the fiber fabric 21A, the impregnated core
material member 11C, the fiber fabric 21A and the porous sheet 25 in this order, on an upper surface of a lower mold
31 used in the subsequent compressing and heating step. In addition, the impregnated core material member 11C, the
fiber fabric 21A and the porous sheet 25A are preferably the same in plane size, but if different, may be trimmed after
compressing and heating step as described below.
[0091] Next, in the compressing and heating step as shown in Fig. 4(4-3), the laminate 10B is heated and compressed
by the lower mold 31 and an upper mold 33. A compression degree is set such that a compression rate C defined by
Equation (A1) below becomes 200 to 5000%, preferably 1000 to 2600 %. By this range in the compression rate C,
thinning and stiffness of the fiber reinforced molded product 110 can be enhanced. 

(Ta: a thickness of the core material member after compression, Tb: a thickness of the core material member before
compression, C: a compression rate)
[0092] The compression is preferably performed such that the laminate 10B has a thickness of 0.3 to 2.0 mm. In the
compressing and heating step, a spacer is disposed at an appropriate position between the lower mold 31 and the upper
mold 33, so that a distance spaced between the lower mold 31 and the upper mold 33 becomes a predetermined spacing
(i.e., a predetermined compressed thickness of the laminate). Also, a method of heating the laminate is not particularly
limited, but performing heating through the lower mold 31 and the upper mold 33 provided with heating means, such as
a heater, is a simple method. A heating temperature is set to be equal to or higher than a curing reaction temperature
of the core material thermosetting resin 11B impregnated.
[0093] When the laminate 10B is compressed during the compressing and heating step, if the core material member
11A is formed of a resin foam having open cells, the core material thermosetting resin 11B is extruded from the impreg-
nated core material member 11C, to be impregnated into or applied on the fiber fabric 21A in contact with the impregnated
core material member 11C and also impregnated into the porous sheet 25A. On the other hand, if the core material
member 11A is formed of a member, such as a non-porous member, which is difficult to be impregnated, the core
material thermosetting resin 11B is impregnated into the fiber fabric 21A and also into the porous sheet 25A from a
surface of the adhered core material member 11C by compression.
[0094] The core material thermosetting resin 11B impregnated into the porous sheet 25A is oozed out to a surface of
the porous sheet 25A by compression and cured, thereby forming a smooth surface formed of a resin layer.
[0095] In this way, because the surface material 25 is formed by impregnating the thermosetting resin 11B into the
porous sheet 25A having open cells, the number of cells being 8 to 80 cells/25mm by capillary action and then curing
the thermosetting resin 11B, the thermosetting resin 11B can easily ooze out to the surface through open cells. Thus,
the thermosetting resin 11B oozed out to the surface of the surface material 25 forms a smooth surface. As a result, the
surface roughness of the surface material 25 is made to be 30 mm or less, thereby achieving the fiber-reinforced molded
product having a reduced surface roughness and a good appearance. Also, because the smooth surface is formed of
the thermosetting resin 11B oozed out of the porous sheet 21A, the smooth surface is integrated with the fiber-reinforced
molded product, thereby preventing the surface from being peeled off together with the coating film 27. In addition, the
thermosetting resin 11B has a high adhesion to the coating film 27, thereby achieving a good coating film adhesion.
[0096] During compression, the surplus core material thermosetting resin 11B exceeding a space volume of the core
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material member 11A, the fiber fabric 21A and the porous sheet 25A after compression is extruded to the outside of the
molds. Also, the core material thermosetting resin 11 B is densely filled such that no pores are substantially present in
the laminate 10B, except micro voids present in the core material thermosetting resin 11B or micro pores unintentionally
created therein. As a result, the stiffness of the fiber-reinforced molded product 10 can be enhanced.
[0097] The curing reaction of the core material thermosetting resin 11B impregnated throughout the laminate 10B is
initiated by heating and thus the core material thermosetting resin 11B is cured in a compressed state. When the core
material member 11A is formed of a resin foam having open cells, the core material thermosetting resin 11B is cured in
a compressed state. Also, when the porous sheet 25A is formed of an urethane resin foam, the core material thermosetting
resin 11B is cured in a state that the porous sheet 25A is also compressed
[0098] By the compressing and heating step as described above, the core material 11 is formed by the impregnated
core material member 11C, the fiber reinforcing material 21 is formed by the fiber fabric 21A, the surface material 25 is
formed by the porous sheet 25A, and the core material 11, the fiber reinforcing material 21 and the surface material 25
are integrated, thereby obtaining the fiber-reinforced molded product 10. Then, when such heating and compressing is
stopped, the fiber-reinforced molded product 10 can be obtained. In this way, a resin layer having a smooth surface is
formed on the surface of the surface material 25 of the fiber-reinforced molded product 10 by curing of the core material
thermosetting resin 11B oozed out to the surface of the porous sheet 25A.
[0099] Also, when the resin ratio R and the compression rate C are set to the predetermined ranges as described
above, the fiber-reinforced molded product, which has a light weight and a high stiffness, can be provided. In this time,
to achieve a high compression rate, a resin foam is preferably used as the core material member 11A.
[0100] When a core material member having open cells is used as the core material member 11A, the thermosetting
resin 11B is adhered on an open cell structure of the core material member 11A, so that the thermosetting resin 11B is
uniformly dispersed in the core material member 11A. In this state, by curing the thermosetting resin 11B, the thermosetting
resin 11B can be densely filled in the core material member 11A, thereby obtaining the fiber-reinforced molded product
in which the bending strength and the adhesive strength between the core material and the fiber reinforcing material 21
are enhanced.
[0101] Also, when the compression rate C and the resin ratio R defined by Equations (A1) and (B1) are respectively
set to ranges of 200 to 5000% and 50 to 80%, sizes of micro pores contained in the fiber-reinforced molded product can
be reduced. In addition, when the compression rate C and the resin ratio R are set to the predetermined ranges and
also a resin foam is used as the core material member 11A, uniformity of foam resin strands of the resin foam dispersed
in the thermosetting resin 11B can be enhanced, so that the strength of the fiber-reinforced molded product can be
uniformed. In other words, portions of the fiber reinforced molded product which are weak in strength are removed. In
this case, when the fiber-reinforced molded product is manufactured by curing the resin foam in a compressed state,
distances between strands of the resin foam become smaller than distances between strands before compression, and
the skeletons of the resin foam are also flattened in a direction of the thickness of the fiber-reinforced molded product.

< Embodiment 1-(3) >

[0102] Next, a method for manufacturing a fiber-reinforced molded product according to the embodiment 1-(3) of the
present invention will be described with reference to Fig. 5. In the foregoing embodiments 1-(1) and 1-(2), either one of
the core material member 11A and the fiber fabric 21A is impregnated with the thermosetting resin 11B or 21B. However,
in an impregnating step according to this embodiment, as shown in Fig. 5(5-1), the core material member 11A is im-
pregnated with the core material thermosetting resin 11B to obtain the impregnated core material member 11C, and the
fiber fabric 21A is also impregnated with the reinforcing material thermosetting resin 21 B to form the impregnated fiber
fabric 21C.
[0103] The core material member 11A, the core material thermosetting resin 11B, the fiber fabric 21A and the reinforcing
material thermosetting resin 21B are the same as described with respect to the fiber-reinforced molded material 10. The
thermosetting resins 11B and 21B used during impregnation are formed of un-cured liquids
[0104] Also, the thermosetting resins 11B and 21B are preferably dissolved in a solvent to facilitate impregnation, and
after impregnation, the impregnated core material member 11C and the impregnated fiber fabric 21C is dried at a
temperature which does not cause a curing reaction of the thermosetting resins 11B and 21B, thereby removing the
solvent from the impregnated core material member 11C and the impregnated fiber fabric 21C. The impregnation is
preformed by a suitable method, such as immersing the core material member 11A or the fiber fabric 21A into a bath
containing the thermosetting resin 11B or 21B in a liquid state, applying the thermosetting resin by a sprayer, or applying
the thermosetting resin by a roll coater.
[0105] In the impregnating step, impregnation of the core material thermosetting resin 11B into the core material 11A
and impregnation of the reinforcing material thermosetting resin 21B into the fiber fabric 21A are preferably performed
so that the resin ratio R is 50 % to 80 %, particularly 55 % to 70 %. In the impregnating step, the sum of the weight of
the core material thermosetting resin 11B impregnated into the core material member 11A and the weight of the reinforcing
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material thermosetting resin 21B impregnated into the fiber fabric 11A is a value equal to Wb-Wa in Equation (B1) of
the resin ratio. If the thermosetting resins dissolved in a solvent are used, the weight after impregnation of the thermosetting
resins in Equation of the resin ratio is the weight after removing the solvent by drying after impregnation.
[0106] In the laminating step as shown in Fig. 5(5-2), the impregnated fiber fabrics 21C are disposed on both surfaces
of the impregnated core material member 11C, and then a porous sheet 25A is additionally disposed on a surface of
the impregnated fiber fabric 21C at one side of the impregnated core material member 11C, thereby obtaining a laminate
10C. The porous sheet 25A is the same as described with respect to the fiber-reinforced molded product 10.
[0107] The laminating operation may be performed by superimposing the impregnated fiber fabric 21C, the impregnated
core material member 11C, the impregnated fiber fabric 21C and the porous sheet 25 in this order, on an upper surface
of a lower mold 31 used in the subsequent compressing and heating step. In addition, the impregnated core material
member 11C, the impregnated fiber fabric 21C and the porous sheet 25A are preferably the same in plane size, but if
different, may be finally trimmed after compressing and heating step as described below.
[0108] Next, in the compressing and heating step as shown in Fig. 5(5-3), the laminate 10C is heated and compressed
by the lower mold 31 and an upper mold 33. A compression degree is set such that a compression rate C defined by
Equation (A1) below becomes 200 to 5000%, preferably 1000 to 2600 %. By this range in the compression rate C,
thinning and stiffness of the fiber reinforced molded product 110 can be enhanced. 

(Ta: a thickness of the core material member after compression, Tb: a thickness of the core material member before
compression, C: a compression rate)
[0109] The compression is preferably performed such that the laminate 10C has a thickness of 0.3 to 2.0 mm. In the
compressing and heating step, a spacer is disposed at an appropriate position between the lower mold 31 and the upper
mold 33, so that a distance spaced between the lower mold 31 and the upper mold 33 becomes a predetermined spacing
(i.e., a predetermined compressed thickness of the laminate).
[0110] A method of heating is not particularly limited, but performing heating through the lower mold 31 and the upper
mold 33 provided with heating means, such as a heater, is a simple method. A heating temperature is set to be equal
to or higher than a curing reaction temperature of the thermosetting resins impregnated.
[0111] By compression in the compressing and heating step, the reinforcing material thermosetting resin 21B in the
impregnated fiber fabric 21C can be securely contacted with the core material thermosetting resin 11B in the impregnated
core material member 11C, and the reinforcing material thermosetting resin 21B can be also securely impregnated into
the porous sheet 25A. Also, the reinforcing material thermosetting resin 21B impregnated into the porous sheet 25A is
oozed out to a surface of the porous sheet 25A, thereby forming a resin layer having a smooth surface.
[0112] In this way, because the surface material 25 is formed by impregnating the thermosetting resins 11B and 21B
into the porous sheet 25A having open cells, the number of cells being 8 to 80 cells/25mm by capillary action and then
curing the thermosetting resins 11B and 2 1 B, the thermosetting resins 11B and 21 B can easily ooze out to the surface
through open cells. Thus, the thermosetting resins 11B and 21B oozed out to the surface of the surface material 25
forms a smooth surface. As a result, the surface roughness of the surface material 25 is made to be 30 mm or less,
thereby achieving the fiber-reinforced molded product having a reduced surface roughness and a good appearance.
Also, because the smooth surface is formed of the thermosetting resins 11B and 21B oozed out of the porous sheet
21A, the smooth surface is integrated with the fiber-reinforced molded product, thereby preventing the surface from
being peeled off together with the coating film 27. In addition, the thermosetting resins 11B and 21B have a high adhesion
to the coating film 27, thereby achieving a good coating film adhesion.
[0113] The surplus thermosetting resins 11B and 21B exceeding a space volume of the core material member 11A,
the fiber fabric 21A and the porous sheet 25A after compression is extruded to the outside of the molds. Also, the
thermosetting resins 11B and 21B are densely filled such that no pores are substantially present in the fiber-reinforced
molded product 10, except micro voids present in the thermosetting resins 11B and 21B or micro pores unintentionally
created therein. As a result, the stiffness of the fiber-reinforced molded product can be enhanced.
[0114] The curing reaction of the thermosetting resins 11B and 21B is initiated by heating during the compressing and
heating step, and thus the laminate 10C is cured in a compressed state. When the core material member 11A is formed
of a resin foam having open cells, the core material thermosetting resin 11B is cured in a compressed state. Also, when
the porous sheet 25A is formed of an urethane resin foam, the reinforcing material thermosetting resin 21 B is cured in
a state that the porous sheet 25A is also compressed.
[0115] Thus, the core material 11 is formed by the impregnated core material member 11C, the fiber reinforcing material
21 is formed by the impregnated fiber fabric 21C, the surface material 25 is formed by the porous sheet 25A, and the
core material 11, the fiber reinforcing material 21 and the surface material 25 are integrated, thereby forming the fiber-
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reinforced molded product 10. Then, when such heating and compressing is stopped, the fiber-reinforced molded product
10 can be obtained. In this way, a resin layer having a smooth surface is formed on the surface of the surface material
25 of the fiber-reinforced molded product 10 by curing of the thermosetting resin oozed out to the surface of the porous
sheet 25A.
[0116] Also, when the resin ratio R and the compression rate C are set to the predetermined ranges as described
above, the fiber-reinforced molded product, which has a light weight and a high stiffness, can be provided. In this time,
to achieve a high compression rate, a resin foam is preferably used as the core material member 11A.
[0117] When a core material member having open cells is used as the core material member 11 A, the thermosetting
resins 11 B and 21 B are adhered on an open cell structure of the core material member 11A, so that the thermosetting
resins 11B and 21B are uniformly dispersed in the core material member 11A. In this state, by curing the thermosetting
resins 11B and 21B, the thermosetting resins 11B and 21B can be densely filled in the core material member 11A,
thereby obtaining the fiber-reinforced molded product in which the bending strength and the adhesive strength between
the core material and the fiber reinforcing material are enhanced.
[0118] Also, when the compression rate C and the resin ratio R defined by Equations (A1) and (B1) are respectively
set to ranges of 200 to 5000% and 50 to 80%, sizes of micro pores contained in the fiber-reinforced molded product can
be reduced. In addition, when the compression rate C and the resin ratio R are set to the predetermined ranges and
also a resin foam is used as the core material member 11A, uniformity of foam resin strands of the resin foam dispersed
in the thermosetting resins 11B and 21B can be enhanced, so that the strength of the fiber-reinforced molded product
can be uniformed. In other words, portions of the fiber reinforced molded product which are weak in strength are removed.
In this case, when the fiber-reinforced molded product is manufactured by curing the resin foam in a compressed state,
distances between strands of the resin foam become smaller than distances between strands before compression, and
the skeletons of the resin foam are also flattened in a direction of the thickness of the fiber-reinforced molded product.

< Embodiment 1-(4) >

[0119] Hereinafter, a fiber-reinforced molded product and a method for manufacturing the same according to the
embodiment 1-(4) of the present invention will be described with reference to Fig. 6.
[0120] Firstly, in an impregnating step as shown in Fig. 6(6-1), two sheets of fiber fabrics 21A are impregnated with
the reinforcing material thermosetting resin 21B, thereby obtaining two sheets of impregnated fiber fabrics 21C. Then,
the porous sheet 25A is laminated on each of two sheets of impregnated fiber fabrics 21C. To remove a solvent contained
in the reinforcing material thermosetting resin 21B, the reinforcing material thermosetting resin 21B is dried at a tem-
perature which does not cause a curing thereof, thereby forming two sheets of semi-cured prepregs 20. The semi-cured
prepregs 20 haves the fiber fabric 21A and the porous sheet 25A bonded on each other in a certain degree of strength,
and thus handling thereof is easy. Alternatively, the fiber fabric 21A may be laminated on the porous sheet 25A and then
the thermosetting resin 21B may be applied on the fiber fabric 21A by an application sprayer or an application roller,
thereby forming the impregnated carbon fiber fabric 21C and at the same time creating the prepreg 20. The prepreg 20
may be formed by cutting a long prepreg made of the fiber fabric and the porous sheet each having a long length.
[0121] In addition to the fiber fabric 21A, the core material member 21 may be also impregnated with the core material
thermosetting resin 11B, thereby forming the impregnated core material member 11C. In this case, if the reinforcing
material thermosetting resin 21 B and the core material thermosetting resin 11B are the same material, this is preferable
in that adhesion between the core material 11 and the fiber reinforcing material 21 can be enhanced.
[0122] In the impregnating step, impregnation of the core material thermosetting resin 11B into the core material 11
A and/or impregnation of the reinforcing material thermosetting resin 21B into the fiber fabric 21A are preferably performed
so that the resin ratio R defined by Equation (B1) above is 50 % to 80 %, particularly 55 % to 70 %.
[0123] Also, the weight of the core material thermosetting resin 11B impregnated into the core material member 11A
and/or the weight of the reinforcing material thermosetting resin 21B impregnated into the fiber fabric 11A is a value
equal to Wb (= a total weight of the core material member(thermosetting resin foam), the fiber fabric (carbon fiber fabric)
and the porous sheet after impregnation of the thermosetting resin) - Wa (= a total weight of the core material member
(thermosetting resin foam), the fiber fabric (carbon fiber fabric) and the porous sheet before impregnation of the ther-
mosetting resin) in Equation (B1) of the resin ratio. If the thermosetting resins dissolved in a solvent are used, the weight
after impregnation of the thermosetting resins in Equation (B1) of the resin ratio is the weight after removing the solvent
by drying after impregnation.
[0124] As materials used for the core material member 11A, the fiber fabric 21A, the porous sheet 25A, the core
material thermosetting resin 11B and the reinforcing material thermosetting resin 21B, the same material as those in
the foregoing embodiments can be used.
[0125] Then, in a laminating step as shown in Fig. 6(6-2), two sheets of prepregs 20 are respectively laminated on
both surfaces of the core material member 21A, thereby forming a laminate 10D. In this time, each of the prepregs 20
is laminated on the core material member 11A, so that the impregnated fiber fabric 21C is contacted with the core
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material member 11A.
[0126] Although two sheets of prepregs 20 and the core material member 11A are spaced away from each other in
Fig. 6(6-2) for illustrative purpose, the prepregs 20 and the core material member 11A are actually laminated without
being spaced away from each other. If the prepregs 20 and the core material member 11A are laminated in molds 31
and 32 used in a compressing and heating step as described below, this is preferable in that disposing the laminate 10D
in the molds can be omitted from the laminating step.
[0127] Then, in a compressing and heating step as shown in Fig. 6(6-3), the laminate 10D is compressed and heated.
Thus, the fiber-reinforced molded product, in which the surface material 25, the fiber reinforcing material 21, the core
material 11, and the fiber reinforcing material 21 and the surface material are laminated in this order from bottom, can
be obtained.
[0128] For example, the compressing and heating step can be preformed by disposing the laminate 10D between the
lower mold 31 and the upper mold 33 as shown, approaching the lower mold 31 and the upper mold 33 toward each
other until a distance spaced therebetween becomes a predetermined spacing, and heating the laminate 10D by the
lower mold 31 and the upper mold 33. The compression is preferably adjusted such that the compression rate C defined
by Equation (A1) becomes 200 to 5000%, preferably 1000 to 2600 %, and also such that the laminate 10D has a thickness
of 0.3 to 2.0 mm.
[0129] Also, the compression rate can be freely set by adjusting the distance spaced between the lower mold 31 and
the upper mold 33. The distance spaced between the lower mold 31 and the upper mold 33 can be easily adjusted by
disposing an adjusting spacer between the lower mold 31 and the upper mold 33.
[0130] In the compressing and heating step, the reinforcing material thermosetting resin 21B is oozed out of the
impregnated fiber fabrics 21C to the core material member 11A and the porous sheet 25 by compressing the laminate
10D. By heating the laminate 10D in a compressed state, the core material member 10A, the fiber fabrics 21A and the
porous sheet 25 are integrated by curing of the reinforcing material thermosetting resin 21 B.
[0131] In this way, because the surface material 25 is formed by impregnating the thermosetting resin 21B into the
porous sheet 25A having open cells, the number of cells being 8 to 80 cells/25mm by capillary action and then curing
the thermosetting resin 21B, the thermosetting resins 11B and 2 1 B can easily ooze out to the surface through open
cells. The thermosetting resins 11 B and 21 B oozed out to the surface of the surface material 25 forms a smooth surface.
As a result, the surface roughness of the surface material 25 is made to be 30 mm or less, thereby achieving the fiber-
reinforced molded product having a reduced surface roughness and a good appearance. Also, because the smooth
surface is formed of the thermosetting resins 11 B and 21 B oozed out of the porous sheet 21 A, the smooth surface is
integrated with the fiber-reinforced molded product, thereby preventing the surface from being peeled off together with
the coating film 27. In addition, the thermosetting resins 11B and 21B have a high adhesion to the coating film 27, thereby
achieving a good coating film adhesion.
[0132] Also, when the resin ratio R and the compression rate C are set to the predetermined ranges as described
above, the fiber-reinforced molded product, which has a light weight and a high stiffness, can be provided. In this time,
to achieve a high compression rate, a resin foam is preferably used as the core material member 11 A.
[0133] When a core material member having open cells is used as the core material member 11A, the thermosetting
resins 11B and 21 B are adhered on an open cell structure of the core material member 11A, so that the thermosetting
resins 11B and 21B are uniformly dispersed in the core material member 11A. In this state, by curing the thermosetting
resins 11B and 21B, the thermosetting resins 11B and 21B can be densely filled in the core material member 11 A,
thereby obtaining the fiber-reinforced molded product in which the bending strength and the adhesive strength between
the core material and the fiber reinforcing material are enhanced.
[0134] Also, when the compression rate C and the resin ratio R defined by Equations (A1) and (B1) are respectively
set to ranges of 200 to 5000% and 50 to 80%, sizes of micro pores contained in the fiber-reinforced molded product can
be reduced. In addition, when the compression rate C and the resin ratio R are set to the predetermined ranges and
also a resin foam is used as the core material member 11A, uniformity of foam resin strands of the resin foam dispersed
in the thermosetting resins 11B and 21B can be enhanced, so that the strength of the fiber-reinforced molded product
can be uniformed. In other words, portions of the fiber reinforced molded product which are weak in strength are removed.
In this case, when the fiber-reinforced molded product is manufactured by curing the resin foam in a compressed state,
distances between strands of the resin foam become smaller than distances between strands before compression, and
the skeletons of the resin foam are also flattened in a direction of the thickness of the fiber-reinforced molded product.
[0135] As described above, according to the manufacturing method of the embodiment 1-(4), the fiber-reinforced
molded product having porous sheets 25 respectively disposed on both surfaces of the laminate 10D can be easily
manufactured, and thus the method is suitable for a fiber-reinforced molded product having both surfaces thereof used
as design surfaces.



EP 2 612 754 B1

16

5

10

15

20

25

30

35

40

45

50

55

< Modified Example >

[0136] Although the prepregs 20 are laminated on the core material member 11A to contact the impregnated fiber
fabrics 21C with the core material member 11A by the laminating step in the foregoing description with respect to the
manufacturing method according to the embodiment 1-(4), the present invention is not limited in this regard.
[0137] As shown in the modified example of Fig. 7, the prepregs 20 may be respectively laminated on both surfaces
of the core material member 11A so that one prepreg 20 may be disposed to contact the impregnated fiber fabric 20C
with the core material member 11A but the other prepreg 20 may be disposed to contact the porous sheet 25A with the
core material member 11A, thereby forming a laminate 10E. Thus, it can be also said that the fiber-reinforced molded
product according to this modified example is constituted of two layers of core material members (layers of core material
resin foams) including the core material member 11A and the porous sheet 25A. In this way, the fiber-reinforced molded
product may include the core material 11 formed of several sheets of core material members (core material resin foams).
[0138] The method for manufacturing a fiber-reinforced molded product according to the modified example is suitable
for a fiber-reinforced molded product of which only one surface is used as a design surface. Also, the prepregs 20 and
the impregnated carbon fiber fabric 21C don’t need to be separately prepared, thereby reducing manufacturing costs.
In addition, because one surface of the fiber-reinforced molded product is covered with the fiber reinforcing material,
the fiber-reinforced molded product having a desired bending stiffness.
[0139] As described in each of the foregoing embodiments, in the impregnating step, at least one of the core material
member 11A and the fiber fabric 21A is impregnated with the thermosetting resins 11B and 21B but the porous sheet
25A is not impregnated with the thermosetting resins 11B and 21B, and in the subsequent compressing and heating
step, the porous sheet 25A is impregnated with the thermosetting resin 11A and 21B for the first time. Therefore, the
porous sheet 25A can be laminated without sagging in the laminating step, thereby preventing wrinkles from being created.
[0140] Also, as shown in Fig. 2, when the surface of the surface material 25 is provided with a coating film 27, a coating
step is performed after the compressing and heating step in each of the foregoing embodiments, so that the coating film
27 is formed on the surface of the surface material 25. In the coating step, the surface of the surface material 25 is
coated by spraying, coater processing, dipping and the like and then dried, thereby forming the coating film 27 on the
surface of the surface material. The coating materials are not particularly limited, but examples thereof include urethane-
based, acrylic-based, polyester-based, acetic acid-based coatings and the like. In addition, the coating is performed to
obtain a predetermined film thickness, for example, a film thickness of 5 to 40 mm.
[0141] According to one aspect of the present invention, there is provided a fiber-reinforced molded product including:
a core material; a fiber reinforcing material laminated on at least one surface of the core material; and a surface material
laminated on the fiber reinforcing material The core material, the fiber reinforcing material and the surface material are
integrated. The fiber reinforcing material includes a fiber fabric and a thermosetting resin impregnated into the fiber fabric
and cured. The surface material includes a porous sheet having open cells, the number of cells being 8 to 80 cells/25mm,
and a thermosetting resin impregnated into the porous sheet and cured. The surface material has a surface roughness
Rz of 30 mm or less.
[0142] According to the fiber-reinforced molded product of the present invention described above, because the ther-
mosetting resin can easily ooze out to the surface of the surface material through open cells of the surface material, the
thermosetting resin oozed out to the surface of the surface material forms a smooth surface. As a result, the surface
roughness of the surface material is made to be 30 mm or less, thereby obtaining the fiber-reinforced molded product
having a reduced surface roughness and a good appearance.
[0143] Also, because the most of the smooth surface is formed of the thermosetting resin oozed out of the porous
sheet, the smooth surface is integrated with the fiber-reinforced molded product, thereby preventing the surface from
being peeled off together with the coating film. In addition, the thermosetting resin has a high adhesion to a coating film,
thereby achieving a good coating film adhesion.
[0144] Also, according to another aspect of the present invention, there is provided a method for manufacturing a
fiber-reinforced molded product. The fiber-reinforced molded product includes: a core material including a core material
member;
a fiber reinforcing material including a fiber fabric and laminated on at least one surface of the core material; and a
surface material including a porous sheet and laminated on the fiber reinforcing material. The method including the steps
of: impregnating at least one of the core material member and the fiber fabric with a thermosetting resin; laminating the
fiber fabric and the porous sheet in this order on at least one surface of the core material member, the porous sheet
having open cells, the number of cells being 8 to 80 cells/25mm, and a thickness of 0.4 to 3.0 mm; and compressing
and heating the core material member, the fiber fabric and the porous sheet, thereby impregnating the core material
member, the fiber fabric and the porous sheet with the thermosetting resin, curing the thermosetting resin, and integrating
the core material member, the fiber fabric and the porous sheet.
[0145] According to the method for manufacturing a fiber-reinforced molded product of the present invention described
above, a fiber-reinforced molded product having an excellent appearance as described above can be easily obtained.
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[0146] According to a further aspect of the present invention, there is provided a fiber-reinforced molded product
including: a core material including a core material member having open cells; a fiber reinforcing material including a
fiber fabric and laminated on each surfaces of the core material; and a surface material including a porous sheet and
laminated on the fiber reinforcing material. The core material, the fiber reinforcing materials and the surface materials
are integrated with each other by a thermosetting resin. The core material is formed by impregnating the core material
member with the thermosetting resin and by curing the thermosetting resin in a state that the core material member is
compressed, and has a compression rate C, defined by Equation (A1) below, of 200 to 5000%. The thermosetting resin
has a resin ratio R, defined by Equation (B1) below, of 50 to 80 %. The fiber-reinforced molded product has a flexural
modulus of 30 GPa or more. 

(Ta: a thickness of the core material member after compression, Tb: a thickness of the core material member before
compression, C: a compression rate) 

(Wa: a total weight of the core material member, the fiber fabric and the porous sheet, Wb: a total weight of the core
material member, the fiber fabric and the porous sheet after impregnation of the thermosetting resin, and R: a resin ratio)
[0147] In the fiber-reinforced molded product described above, the porous sheet may be made of an urethane resin
foam from which cell membranes are removed.
[0148] In the fiber-reinforced molded product described above, the core material member may be made of an urethane
resin foam or a melamine resin foam.
[0149] In the fiber-reinforced molded product described above, the core material member may be impregnated with
the thermosetting resin selected from a group consisting of an epoxy resin, a phenolic resin, and a mixture of an epoxy
resin and a phenolic resin.
[0150] In the fiber-reinforced molded product described above, the fiber reinforcing material may be impregnated with
the thermosetting resin selected from a group consisting of an epoxy resin, a phenolic resin, and a mixture of an epoxy
resin and a phenolic resin.
[0151] In the fiber-reinforced molded product described above, the core material member and the fiber reinforcing
material may be impregnated with the thermosetting resins made of same material.
[0152] In the fiber-reinforced molded product described above, the compression rate C, defined by Equation (A1) may
be 1000 to 2600%.
[0153] In the fiber-reinforced molded product described above, a percentage of a thickness of the porous sheet forming
the surface material before compression to a total thickness of the core material member and the porous sheet forming
the core material before compression may be 2 to 30%.
[0154] According to the fiber-reinforced molded product of the present invention described above, because the resin
ratio and the compression rate are set to predetermined ranges, the fiber-reinforced molded product which has a light-
weight and a high stiffness, can be provided. In addition, the thermosetting resin is adhered on an open cell structure
of the core material member, so that the thermosetting resin is uniformly dispersed in the core material member. In this
state, by curing the thermosetting resin, the thermosetting resin can be densely filled in the core material member,
thereby obtaining the fiber-reinforced molded product in which the bending strength and the adhesive strength between
the core material and the fiber reinforcing material are enhanced.
[0155] Also, according to a further aspect of the present invention, there is provided a method for manufacturing a
fiber-reinforced molded product. The fiber-reinforced molded product includes: a core material including a core material
member having open cells; a fiber reinforcing material including a fiber fabric and laminated on both surfaces of the core
material; and a surface material including a porous sheet having open cells and laminated on at least one surface of the
fiber reinforcing materials. The method includes the steps of: impregnating at least one of the core material member
and the fiber fabric with a thermosetting resins; laminating the fiber fabric on each surface of the core material member
and laminating the porous sheet on at least one surface of the laminated fiber fabrics; and compressing and heating the
core material member, the fiber fabrics and the porous sheet, thereby impregnating the core material member, the fiber
fabrics and the porous sheet with the thermosetting resin, curing the thermosetting resin, and integrating the core material
member, the fiber fabrics and the porous sheet. The impregnation in the impregnating step of performed such that a
resin ratio R, defined by Equation (B1) below, is 50 to 80 %. The compression in the compressing and heating step is
performed such that a compression rate C, defined by Equation (A1) below, is 200 to 5000%.
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(Ta: a thickness of the core material member after compression, Tb: a thickness of the core material member before
compression, C: a compression rate) 

(Wa: a total weight of the core material member, the fiber fabric and the porous sheet, Wb: a total weight of the core
material member, the fiber fabric and the porous sheet after impregnation of the thermosetting resin, and R: a resin ratio)
[0156] In the method for manufacturing a fiber-reinforced molded product described above, the compression rate of
the core material member may be 1000 to 2600%.
[0157] In the method for manufacturing a fiber-reinforced molded product described above, the porous sheet may be
made of an urethane resin foam from which cell membranes are removed.
[0158] In the method for manufacturing a fiber-reinforced molded product described above, the impregnating step of
may include impregnating both of the core material member and the fiber fabric with the thermosetting resin made of
same material.
[0159] In the method for manufacturing a fiber-reinforced molded product described above, the laminating step may
include: producing two sheets of prepregs, each having the fiber fabric impregnated with the thermosetting resin and
the porous sheet laminated on the fiber fabric; and laminating the prepregs on both surfaces of the core material member
respectively such that the fiber fabric contacts the core material member.
[0160] In the method for manufacturing a fiber-reinforced molded product described above, the laminating step may
include: producing two sheets of prepregs, each having the fiber fabric impregnated with the thermosetting resin and
the porous sheet laminated on the fiber fabric; and laminating the prepregs on both surfaces of the core material member
respectively such that the fiber fabric of one of the prepregs contacts the core material member and such that the porous
sheet of the other prepreg contacts the core material member
[0161] In the method for manufacturing a fiber-reinforced molded product described above, a percentage of a thickness
of the porous sheet forming the surface material before compression to a total thickness of the core material member
and the porous sheet forming the core material before compression may be 2 to 30%.
[0162] According to the method for manufacturing a fiber-reinforced molded product of the present invention described
above, a fiber-reinforced molded product, in which the stiffness is high and also the bending strength and the adhesive
strength between the core material and the fiber reinforcing material are enhanced as described above, can be easily
obtained.

Examples

[0163] Fiber-reinforced molded products of Examples 1-1 to 1-9 were produced according to the manufacturing method
of the foregoing embodiment 1-(3) of the present invention and fiber-reinforced molded products of Examples 1-10 and
1-11 were produced according to the manufacturing method of the foregoing embodiment 1-(4) of the present invention
and the modified example thereof, and then these fiber-reinforced molded products were compared with fiber-reinforced
molded products of Comparative Examples 1-1 to 1-3.

Example 1-1

[0164] A phenolic resin (a mixture of PAPS-4, a trade name, produced by Asahi Organic Chemicals Industry Co. Ltd.,
and Hexamethylenetetramine, a trade name, produced by Asahi Organic Chemicals Industry Co. Ltd. at a ratio of 100:12)
as the thermosetting resin was dissolved in methanol at a concentration of 30 wt%. In this phenolic resin solution, a
plain woven carbon fiber fabric (W-3101, a trade name, produced by TOHO TENAX Co. Ltd. and having a basis weight
of 200 g/m2) as the fiber fabric was immersed. After taking out of the solution, the carbon fiber fabric was air-dried for 2
hours at room temperature of 25 °C and then further dried for 1 hour under an atmosphere of 60 °C, thereby forming
two sheets of impregnated fiber fabrics. The carbon fiber fabric was used that has been cut into a plane size of 2003300
mm (a weight of 12 g per sheet). The impregnated carbon fiber fabrics after drying had a weight of 28 g per sheet.
[0165] Also, a melamine resin foam (Basotect V3012, a trade name, produced by BASF and having a density of 9
kg/m3) having open cells and cut to a thickness of 10 mm and a plane size of 2003300 mm (a weight of 5.4 g) as the
core material member was immersed in the phenolic resin solution in the same manner as in the case of the fiber fabric.
After taking out of the solution, the resin foam was air-dried for 2 hours at room temperature of 25 °C and then further



EP 2 612 754 B1

19

5

10

15

20

25

30

35

40

45

50

55

dried for 1 hour under an atmosphere of 60 °C, thereby forming the impregnated core material member. The impregnated
core material thermal member after drying had a weight of 27g. Also, a resin ratio in the whole of the fiber fabrics and
the core material member was 65%.
[0166] Next, the impregnated fiber fabric, the impregnated core material member, the impregnated fiber fabric, and a
porous sheet were superimposed in this order on a lower press forming mold (planar type) made of SUS, of which a
surface has been previously coated with a mold release agent. By doing so, a laminate, in which the impregnated fiber
fabrics were disposed on both surfaces of the impregnated core material member and the porous sheet was additionally
disposed on a surface of the fiber fabric at one side of the core material member, was set on the lower press forming mold.
[0167] As the porous sheet, an urethane resin foam (MF-50, a trade name, produced by Inoac Corporation and having
a bulk specific gravity of 0.03 and a cell number of 50 cells/25 mm), from which cell membranes were been removed by
a dissolution treatment and which has been cut into a thickness of 0.4 mm in an uncompressed state, was used. The
percentage of the thickness of the porous sheet forming the surface material to the thickness of the core material member
was 4 %. In addition, a porosity of the urethane resin foam used was 97.1 %. The porosity was calculated by the following
equation: Porosity (%) = (true specific gravity of urethane resin - bulk specific gravity (≈ apparent density of urethane
resin)) / true specific gravity of urethane resin 3 100.
[0168] In the state that the laminate was set on the lower press forming mold, the laminate was pressed by the upper
press forming mold (planar type) at 180 °C for 3 minutes with a surface pressure of 5 MPa, so that the laminate was
compressed and heated and the phenolic resin was reacted and cured in the compressed state. In this case, heating
of the laminate was performed by cast-in heaters attached on the upper and lower press forming molds.
[0169] A spacer made of SUS and having a thickness of 0.9 mm was disposed between the lower press forming mold
and the upper press forming mold, so that a spacing between the lower mold and the upper mold, i.e., a compressed
thickness of the laminate was adjusted. Then, the lower and upper press forming molds were cooled at room temperature,
and the lower and upper molds were opened. As a result, a fiber-reinforced molded product, in which the fiber reinforcing
material were laminated on both surfaces of the core material and the surface material formed of the porous sheet was
additionally integrally laminated on the fiber reinforcing material at one side, was obtained. This fiber-reinforced molded
product was trimmed to 1703260 mm, to produce the fiber-reinforced molded product of Example 1-1.

Example 1-2

[0170] A fiber-reinforced molded product according to Example 1-2 was produced in the same manner as in Example
1-1, except that the thickness of the porous sheet (an uncompressed thickness) in Example 1-1 was 0.6 mm. The
percentage of the thickness of the porous sheet forming the surface material to the thickness of the core material member
was 6 %.

Example 1-3

[0171] A fiber-reinforced molded product according to Example 1-3 was produced in the same manner as in Example
1-1, except that the thickness of the porous sheet (an uncompressed thickness) in Example 1-1 was 1.0 mm. The
percentage of the thickness of the porous sheet forming the surface material to the thickness of the core material member
was 10 %.

Example 1-4

[0172] A fiber-reinforced molded product according to Example 1-4 was produced in the same manner as in Example
1-1, except that the thickness of the porous sheet (an uncompressed thickness) in Example 1-1 was 2.0 mm. The
percentage of the thickness of the porous sheet forming the surface material to the thickness of the core material member
was 20 %.

Example 1-5

[0173] A fiber-reinforced molded product according to Example 1-5 was produced in the same manner as in Example
1-1, except that the thickness of the porous sheet (an uncompressed thickness) in Example 1-1 was 3.0 mm. The
percentage of the thickness of the porous sheet forming the surface material to the thickness of the core material member
was 30 %.

Example 1-6

[0174] A fiber-reinforced molded product according to Example 1-6 was produced in the same manner as in Example
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1-1, except that, instead of the porous sheet in Example 1-1, an urethane resin foam (MF-80, a trade name, produced
by Inoac Corporation and having a bulk specific gravity of 0.05 and a cell number of 80 cells/25 mm), from which cell
membranes were been removed by a dissolution treatment and which had a porosity of 95.2 % and an uncompressed
thickness of 1.0 mm, was used. The percentage of the thickness of the porous sheet forming the surface material to the
thickness of the core material member was 10 %.

Example 1-7

[0175] A fiber-reinforced molded product according to Example 1-7 was produced in the same manner as in Example
1-1, except that, instead of the porous sheet in Example 1-1, an urethane resin foam (MF-10, a trade name, produced
by Inoac Corporation and having a bulk specific gravity of 0.028 and a cell number of 10 cells/25 mm), from which cell
membranes were been removed by a dissolution treatment and which had a porosity of 97.3 % and an uncompressed
thickness of 1.0 mm, was used. The percentage of the thickness of the porous sheet forming the surface material to the
thickness of the core material member was 10 %.

Example 1-8

[0176] A fiber-reinforced molded product according to Example 1-8 was produced in the same manner as in Example
1-1, except that, instead of the porous sheet in Example 1-1, an urethane resin foam (MF-8, a trade name, produced
by Inoac Corporation and having a bulk specific gravity of 0.027 and a cell number of 8 cells/25 mm), from which cell
membranes were been removed by a dissolution treatment and which had a porosity of 97.4 % and an uncompressed
thickness of 1.0 mm, was used. The percentage of the thickness of the porous sheet forming the surface material to the
thickness of the core material member was 10 %.

Example 1-9

[0177] A fiber-reinforced molded product according to Example 1-9 was produced in the same manner as in Example
1-1, except that, instead of the porous sheet in Example 1-1, an urethane resin foam (SP-50, a trade name, produced
by Inoac Corporation and having a bulk specific gravity of 0.031 and a cell number of 50 cells/25 mm), from which cell
membranes were not been removed to having cell membranes remained thereon and which had a porosity of 97.0 %
and an uncompressed thickness of 1.0 mm, was used. The percentage of the thickness of the porous sheet forming the
surface material to the thickness of the core material member was 10 %.

Example 1-10

[0178] A phenolic resin (phenolite 5010, a trade name, produced by DIC Corporation and having solids of 60 %) as
the reinforcing material thermosetting resin was mixed in ethanol at 50 wt%. A plain woven carbon fiber fabric (W-3101,
a trade name, produced by TOHO TENAX Co. Ltd. and having a basis weight of 200 g/m2) was immersed in the phenolic
resin solution, and then a porous sheet (MF-50LE, a trade name, produced by Inoac Corporation and having a bulk
specific gravity of 0.03 and a cell number of 50 cells/25 mm) was disposed thereon, thereby obtaining a prepreg.
[0179] As the porous sheet, an urethane resin foam, from which cell membranes were been removed by a dissolution
treatment and which has been cut into a thickness of 0.7 mm in an uncompressed state, was used. In addition, a porosity
of the urethane resin foam used was 97.1 %. The porosity was calculated by the following equation. 

[0180] Meanwhile, the carbon fiber fabric was used that had a size of 3803260 mm (a weight of 19.8 g per sheet).
The impregnated carbon fiber fabrics after drying had a weight of 36 g per sheet. Two sheets of prepregs obtained in
this way were dried for 5 minutes under an atmosphere of 87 °C.
[0181] A melamine resin foam (Basotect V3012, a trade name, produced by BASF and having a density of 9 kg/m3)
having open cells and cut to a thickness of 7.5 mm and a plane size of 3803260 mm (a weight of 6.0 g per sheet) as
the core material member was immersed in the phenolic resin solution in the same manner as in the case of the carbon
fiber fabric. After taking out of the solution, the resin foam was dried for 31 minutes under an atmosphere of 100 °C,
thereby forming the impregnated core material member. The impregnated core material member after drying had a
weight of 67g. Also, a resin ratio in the fiber fabric and the core material member was 64%.
[0182] Then, the prepreg, which is arranged to orient the porous sheet upward, the impregnated thermosetting resin
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foam, and the prepreg, which is arranged to orient the porous sheet upward, were laminated in this order on a planar-
type lower press forming mold made of SUS, of which a surface has been previously coated with a mold release agent,
thereby obtaining a laminate. In other words, the laminate included the fiber fabric, the porous sheet, the core material
member, the fiber fabric and the porous sheet laminated in this order from bottom. This laminate was set on the lower
press forming mold. The percentage of the thickness of the porous sheet forming the surface material to the total thickness
of the core material member and the porous sheet forming the core material was 9 %.
[0183] In the state that the laminate was set on the lower press forming mold, the laminate was pressed by the upper
press forming mold (planar type) at 145 °C for 8 minutes with a surface pressure of 5 MPa, so that the laminate was
compressed and heated and the phenolic resin was reacted and cured in the compressed state. In this case, heating
of the laminate was performed by cast-in heaters attached on the upper and lower press forming molds.
[0184] In addition, a spacing of 1.0 mm was provided between the lower press forming mold and the upper press
forming mold to adjust a compressed thickness of the laminate. Then, the lower and upper molds were opened, and as
a result, a fiber-reinforced molded product, in which the fiber reinforcing materials were laminated on both surfaces of
the core material and the surface material formed of the porous sheet was additionally integrally laminated on the fiber
reinforcing material at one side, was obtained.

Example 1-11

[0185] Prepregs obtained in the same manner as in Example 1-10 as described above were used. However, the
prepreg, which is arranged to orient the porous sheet downward, the impregnated thermosetting resin foam, and the
prepreg, which is arranged to orient the porous sheet upward, were laminated in this order on a lower press forming
mold made (planar-type) of SUS, of which a surface has been previously coated with a mold release agent, thereby
obtaining a laminate. In other words, the laminate included the porous sheet, the fiber fabric, the core material member,
the fiber fabric and the porous sheet laminated in this order from bottom. This laminate was set on the lower press
forming mold. The percentage of the total thickness of the porous sheets forming the surface material to the thickness
of the core material member was 19 %.
[0186] In the state that the laminate was set on the lower press forming mold, the laminate was pressed by the upper
press forming mold (planar type) at 145 °C for 8 minutes with a surface pressure of 5 MPa, so that the laminate was
compressed and heated and the phenolic resin was reacted and cured in the compressed state. In this case, heating
of the laminate was performed by cast-in heaters attached on the upper and lower press forming molds. In addition, a
spacing of 1.0 mm was provided between the lower press forming mold and the upper press forming mold to adjust a
compressed thickness of the laminate.
[0187] Then, the lower and upper molds were opened, and as a result, a fiber-reinforced molded product, in which
the fiber reinforcing materials were laminated on both surfaces of the core material and the surface materials formed of
the porous sheets were additionally integrally laminated on the fiber reinforcing materials, was obtained.

Comparative Example 1-1

[0188] A fiber-reinforced molded product according to Comparative Example 1-1 was produced in a state that the
porous sheet was eliminated from the surface in Example 1-1.

Comparative Example 1-2

[0189] A fiber-reinforced molded product according to Comparative Example 1-2 was produced in the same manner
as in Example 1-1, except that the thickness of the porous sheet (an uncompressed thickness) on the surface in Example
1-1 was 4.0 mm. The percentage of the thickness of the porous sheet forming the surface material to the total thickness
of the core material member was 40 %.

Comparative Example 1-3

[0190] A fiber-reinforced molded product according to Comparative Example 1-3 was produced in the same manner
as in Example 1-1, except that, instead of the porous sheet in Example 1-1, an urethane resin foam (MF-100, a trade
name, produced by Inoac Corporation and having a bulk specific gravity of 0.075 and a cell number of 100 cells/25 mm),
from which cell membranes were been removed by a dissolution treatment and which had a porosity of 92.8 % and an
uncompressed thickness of 1.0 mm, was used.
[0191] With respect to each of Examples and Comparative Examples, a total thickness before coating, a flexural
modulus (JIS K 7074-1988 Method A, a fiber direction) and a surface roughness of the surface material wars measured.
The surface roughness was obtained by measuring a ten point average roughness ((RzJIS82) along a reference length
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of 20 mm on the surface of the surface material, using a surface roughness meter (Surfcom113A, a trade name, produced
by TOKYO SEIMITSU CO., LTD.). RzJIS82 is a ten point mean roughness according to a pre-revised standard JIS
B0601:1982 and is a sum of an average height of the highest peak to the fifth highest peak and an average depth of the
deepest valley to the fifth deepest valley in a cross-section curve of the reference length. The measured results are
shown in Table 1.
[0192] Also, with respect to each of Examples and Comparative Examples, a two-liquid curing urethane-based coating
material was coated at a film thickness of 20 mm on the surface of the surface material (the surface of the fiber fabric in
a case of Comparative Example 1-1) by spray coating, thereby forming a coating film. Then, a coating appearance, a
surface roughness of the coated surface, and a coating adhesion were investigated.
[0193] The coating appearance means an appearance of the coating film, and, when visually observing the surface
of the coating film after drying, a case that unevenness was not thoroughly observed was designated as E (Excellent),
a case that unevenness was slightly observed was designated as G (Good), and a case the unevenness was clearly
observed was designated as B (Bad).
[0194] The surface roughness of the coated surface was represented as an average surface roughness (mm) obtained
by measuring Rz;10 points mean roughness with respect to the surface of the coating film after drying, using a surface
roughness meter (Surfcom, a trade name, produced by TOKYO SEIMITSU CO., LTD.).
[0195] The coating adhesion means an adhesion of the coating film and was determine as the following. Lattice
patterned crosscuts was formed in the surface of the coating film at intervals of 1 mm using a cutter to form 100 masses.
A cellophane tape having a width of 25 mm and a length of 75 mm was bonded on 100 masses formed by crosscuts.
Then, the cellophane tape was pulled off, and thus the number of masses, of which the coating film was not peeled off,
represented the panting adhesion. The measured results are shown in Table 1.
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[0196] As compared to Comparative Example 1-1 in which the surface is not provided with a porous sheet, Examples
1-1 to 1-9 in which the surface is provided with the porous sheet (surface material) was smaller in both of the surface
roughness before coating and the surface roughness after coating and also had a superior coating appearance and a
superior coating adhesion, and thus the coating film was not easily to be peeled off. In particular, when Example 1-1
and Comparative Example 1-1, which are different only whether the porous sheet is present or not, were compared to
each other, Comparative Example 1-1, which did not have a porous sheet, had twice or more the surface roughness
before coating and the surface roughness after coating in Example 1-1, and also was significantly inferior in the coating
appearance and the coating adhesion than in Example 1-1.
[0197] Also, when Example 1-3 in which cell membranes was removed from the porous sheet is compared to Example
1-9 in which cell membranes was not removed from the porous sheet, Example 1-3 in which cell membranes was
removed had half or less the surface roughness before and after coating in Example 1-9 and had a very small unevenness.
Also, Example 1-3 was superior in the coating appearance and the coating adhesion than in Example 1-9.
[0198] In addition, Comparative Example 1-2 identical to Example 1-1, except that a thickness (an uncompressed
thickness) of the porous sheet was changed from 0.4 mm in Example 1-1 to 4.0 mm, had half the flexural modulus and
had approximately twice the surface roughness before and after coating and a very large unevenness, as compared to
Example 1-1. Also, Comparative Example 1-2 was inferior in the coating appearance and the coating adhesion than in
Example 1-1. Furthermore, Examples 1-1 to 1-11, in which the percentage of the total thickness of the porous sheets
forming the surface material before compression to the total thickness of the core material member and the porous sheet
forming the core material before compression was 4 to 30%, had a flexural modulus larger than that of Comparative
Example 1-2 in which the percentage was 40 %.
[0199] Comparative Example 1-3, in which the cell number of the porous sheet was 100 cells/25 mm, had approximately
2 to 4 times the surface roughness before and after coating and a very large unevenness, as compared to Example 1-3
(the cell number of 50 cells/25 mm), Example 1-6 (the cell number of 80 cells/25 mm), Example 1-7 (the cell number of
10 cells/25 mm), and Example 1-8 (the cell number of 8 cells/25 mm) identical to Comparative Example 1-3 except for
the cell number. Also, Comparative Example 1-3 was inferior in the coating appearance and the coating adhesion than
in Examples 1-3, 1-6, 1-7, and 1-8.
[0200] In addition, a significant difference between Examples 1-1 to 1-9 and Examples 1-10 and 1-11 was not found.
Accordingly, it was found that a fiber-reinforced molded product which is excellent in the coating appearance and the
coating adhesion can be obtained by either of the manufacturing method in which a thermosetting resin is impregnated
into at least one of the core material member and the fiber fabric and then each member is laminated on top of another,
or the manufacturing method in which prepregs are produced from the fiber fabric and the porous sheet and then the
prepreg are laminated on the core material member.
[0201] Thus, the article according to examples of the present invention has a thinned thickness and a high stiffness,
and also has a good appearance after coating, thereby eliminating a possibility that the coating film may be peeled off.
Therefore, the article is suitable for a housing of portable devices, such as laptop computers. In addition, depending on
a use of the fiber-reinforced molded product, the fiber reinforcing material and the surface material are provided on only
one side of the core material.
[0202] In this case, to obtain a thinned fiber-reinforced molded product, it is necessary to thin a thickness of the core
material resin foam which contains the thermosetting resin and serves as a spacer for adjusting a thickness of the core
material. However, when the core material resin foam is used as the core material as it is without being compressed,
there are the following two problems:

a. It is difficult to thinly and uniformly slice a resin foam used as the core material resin foam. In particular, when the
resin foam as the core material resin foam is thinly sliced, the thickness thereof tends to be non-uniformed.
b. Considering cut surfaces of the sliced resin foam as the core material resin foam in an uncompressed state, a
cross section which has cell skeletons of the foam in a longitudinal direction and a cross section which does not
have cell skeletons can be concurrently present in the sliced resin foam. Therefore, when the resin foam is used to
form a fiber-reinforced molded product without being compressed, a resin ratio of thermosetting resins is different
for each of the cut surfaces, and an overall flexural modulus is decreased due to an influence of a weak cut surface.

[0203] Therefore, according to the fiber-reinforced molded product of the present invention, the core material resin
foam as the core material resin foam is processed in a thick state and then compressed, thereby obtaining the following
effects:

- Non-uniformity in thickness of the core material resin foam is reduced depending on the compression rate.
- Cell skeletons randomly stacked in the core material resin foam are folded by compression, and thus non-uniformity

in resin ratio in each of cut surfaces is decreased.
- A thick core material resin foam is easily impregnated with a thermosetting resin.
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[0204] Accordingly, in fiber-reinforced molded products according to examples as described below, core material resin
foams were used in a thick state and were compressed in a state that a thermosetting resin is impregnated therein, and
the compression rate and the impregnation amount are set in specific ranges. This will described below in detail.
[0205] A fiber-reinforced molded product of Example 2-8 was produced according to the manufacturing method of the
foregoing embodiment 1-(1) of the present invention, a fiber-reinforced molded product of Example 2-9 was produced
according to the manufacturing method of the foregoing embodiment 1-(2) of the present invention, fiber-reinforced
molded products of Examples 2-1 to 2-7 and 2-10 to 2-14 were produced according to the manufacturing method of the
foregoing embodiment 1-(3) of the present invention, fiber-reinforced molded products of Example 2-15 and 2-16 were
produced according to the manufacturing method of the foregoing embodiment 1-(4) of the present invention, and then
these fiber-reinforced molded products were compared with fiber-reinforced molded products of Comparative Examples
2-1 to 2-10.

Example 2-1

[0206] A phenolic resin (a mixture of PAPS-4, a trade name, produced by Asahi Organic Chemicals Industry Co. Ltd.,
and Hexamethylenetetramine, a trade name, produced by Asahi Organic Chemicals Industry Co. Ltd. at a ratio of 100:12)
as the thermosetting resin was dissolved in methanol at a concentration of 30 wt%. In this phenolic resin solution, a
plain woven fiber fabric (carbon fiber fabric, W-3101, a trade name, produced by TOHO TENAX Co. Ltd. and having a
basis weight of 200 g/m2) as the fiber fabric was immersed. After taking out of the solution, the fiber fabric was air-dried
for 2 hours at room temperature of 25 °C and then further dried for 1 hour under an atmosphere of 60 °C, thereby forming
two sheets of impregnated fiber fabrics. The fiber fabric was used that has been cut into a plane size of 2003300 mm
(a weight of 12 g per sheet). The impregnated fiber fabrics after drying had a weight of 28 g per sheet.
[0207] Also, a melamine resin foam (Basotect V3012, a trade name, produced by BASF and having a density of 9
kg/m3) having open cells and cut to a thickness of 10 mm and a plane size of 2003300 mm (a weight of 5.4 g) as the
core material resin foam was immersed in the phenolic resin solution in the same manner as in the case of the fiber
fabric. After taking out of the solution, the resin foam was air-dried for 2 hours at room temperature of 25 °C and then
further dried for 1 hour under an atmosphere of 60 °C, thereby forming the impregnated core material resin foam. The
impregnated core material resin foam after drying had a weight of 27g. Also, a resin ratio (a value calculated by Equation
(B1) of the resin ratio) in the whole of the fiber fabrics and the core material resin foam was 65%.
[0208] Next, the impregnated fiber fabric, the impregnated core material resin foam, the impregnated fiber fabric, and
a porous sheet were superimposed in this order on a lower press forming mold (planar type) made of SUS, of which a
surface has been previously coated with a mold release agent. By doing so, a laminate, in which the impregnated fiber
fabrics were disposed on both surfaces of the impregnated core material resin foam and the porous sheet was additionally
disposed on a surface of the fiber fabric at one side of the core material resin foam, was set on the lower press forming mold.
[0209] As the porous sheet, an urethane resin foam (MF-50, a trade name, produced by Inoac Corporation and having
a bulk specific gravity of 0.03 and a cell number of 50 cells/25 mm), from which cell membranes were been removed by
a dissolution treatment and which has been cut into a thickness of 0.4 mm in an uncompressed state, was used. The
percentage of the thickness of the porous sheet forming the surface material to the thickness of the core material resin
foam was 4 %. In addition, a porosity of the urethane resin foam used was 97.1 %. The porosity was calculated by the
following equation: Porosity (%) = (true specific gravity of urethane resin - bulk specific gravity (≈ apparent density of
urethane resin foam)) / true specific gravity of urethane resin 3 100.
[0210] In the state in which the laminate was set on the lower press forming mold, the laminate was pressed by the
upper press forming mold (planar type) at 180 °C for 3 minutes with a surface pressure of 5 MPa, so that the laminate
was compressed and heated and the phenolic resin was reacted and cured in the compressed state. In this case, heating
of the laminate was performed by cast-in heaters attached on the upper and lower press forming molds. A spacer made
of SUS and having a thickness of 0.9 mm was disposed between the lower press forming mold and the upper press
forming mold, so that a distance between the lower mold and the upper mold, i.e., a compressed thickness of the laminate
was adjusted.
[0211] Then, the lower and upper press forming molds were cooled at room temperature, and the lower and upper
molds were opened. As a result, a fiber-reinforced molded product, which is integrally formed by laminating the fiber
reinforcing material on both surfaces of the core material and additionally laminating the surface material formed of the
porous sheet on the fiber reinforcing material at one side, was obtained. This fiber-reinforced molded product was
trimmed to 1703260 mm, to produce the fiber-reinforced molded product of Example 2-1.
[0212] The fiber-reinforced molded product of Example 2-1 was measured with respect to a specific gravity and an
entire thickness thereof and a thickness of the core material. The specific gravity was 1.30, the entire thickness was
0.89 mm, and the thickness of the core material was 0.43 mm. The compression rate of the thermosetting resin foam
constituting the core material was 2225 %, as calculated according to Equation of the compression rate using the
thickness (10 mm) of the core material resin foam before compression and the thickness (0.43 mm) of the core material.
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Also, to evaluate stiffness of the fiber-reinforced molded product of Example 2-1, a flexural modulus (JIS K 7074-1988
Method A) thereof was measured. As a result, the flexural modulus was 50 GPa (along a fiber direction).

Example 2-2

[0213] A fiber-reinforced molded product was obtained in the same manner as in Example 2-1, except that the thickness
of the core material resin foam was 5 mm and the impregnation amount of the thermosetting resin into the core material
resin foam was adjusted such that the resin ratio (a value calculated by Equation (B1) of the resin ratio) in the whole of
the fiber fabrics and the core material resin foam was 65%. The percentage of the thickness of the porous sheet forming
the surface material to the thickness of the core material resin foam was 8%.
[0214] The fiber-reinforced molded product of Example 2-2 was measured with respect to a specific gravity and an
entire thickness thereof and a thickness of the core material. The specific gravity was 1.29, the entire thickness was 0.9
mm, and the thickness of the core material was 0.43 mm. The compression rate of the core material resin foam was
1062 %, as calculated according to Equation of the compression rate using the thickness (5 mm) of the core material
resin foam before compression and the thickness (0.43 mm) of the core material. Also, to evaluate stiffness of the fiber-
reinforced molded product of Example 2-2, a flexural modulus (JIS K 7074-1988 Method A) thereof was measured. As
a result, the flexural modulus was 49 GPa (along a fiber direction).

Example 2-3

[0215] A fiber-reinforced molded product was obtained in the same manner as in Example 2-1, except that the thickness
of the core material resin foam was 11.5 mm and the impregnation amount of the thermosetting resin into the core
material resin foam was adjusted such that the resin ratio (a value calculated by Equation (B1) of the resin ratio) in the
whole of the fiber fabrics and the core material resin foam was 65%. The percentage of the thickness of the porous
sheet forming the surface material to the thickness of the core material resin foam was 3 %.
[0216] The fiber-reinforced molded product of Example 2-3 was measured with respect to a specific gravity and an
entire thickness thereof and a thickness of the core material. The specific gravity was 1.32, the entire thickness was 0.9
mm, and the thickness of the core material was 0.44 mm. The compression rate of the core material resin foam was
2513 %, as calculated according to Equation of the compression rate using the thickness (11.5 mm) of the core material
resin foam before compression and the thickness (0.44 mm) of the core material. Also, to evaluate stiffness of the fiber-
reinforced molded product of Example 2-3, a flexural modulus (JIS K 7074-1988 Method A) thereof was measured. As
a result, the flexural modulus was 51 GPa (along a fiber direction).

Example 2-4

[0217] A fiber-reinforced molded product was obtained in the same manner as in Example 2-1, except that the thickness
of the core material resin foam was 1.4 mm and the impregnation amount of the thermosetting resin into the core material
resin foam was adjusted such that the resin ratio (a value calculated by Equation (B1) of the resin ratio) in the whole of
the fiber fabrics and the core material resin foam was 65%. The percentage of the thickness of the porous sheet forming
the surface material to the thickness of the core material resin foam was 29 %.
[0218] The fiber-reinforced molded product of Example 2-4 was measured with respect to a specific gravity and an
entire thickness thereof and a thickness of the core material. The specific gravity was 1.28, the entire thickness was 0.9
mm, and the thickness of the core material was 0.43 mm. The compression rate of the core material resin foam was
225 %, as calculated according to Equation of the compression rate using the thickness (1.4 mm) of the core material
resin foam before compression and the thickness (0.43 mm) of the core material. Also, to evaluate stiffness of the fiber-
reinforced molded product of Example 2-4, a flexural modulus (JIS K 7074-1988 Method A) thereof was measured. As
a result, the flexural modulus was 46 GPa (along a fiber direction).

Example 2-5

[0219] A fiber-reinforced molded product was obtained in the same manner as in Example 2-1, except that the thickness
of the core material resin foam was 22 mm and the impregnation amount of the thermosetting resin into the core material
resin foam was adjusted such that the resin ratio (a value calculated by Equation (B1) of the resin ratio) in the whole of
the fiber fabrics and the core material resin foam was 65%. The percentage of the thickness of the porous sheet forming
the surface material to the thickness of the core material resin foam was 2 %.
[0220] The fiber-reinforced molded product of Example 2-5 was measured with respect to a specific gravity and an
entire thickness thereof and a thickness of the core material. The specific gravity was 1.35, the entire thickness was 0.9
mm, and the thickness of the core material was 0.44 mm. The compression rate of the core material resin foam was
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4900 %, as calculated according to Equation of the compression rate using the thickness (22 mm) of the core material
resin foam before compression and the thickness (0.44 mm) of the core material. Also, to evaluate stiffness of the fiber-
reinforced molded product of Example 2-5, a flexural modulus (JIS K 7074-1988 Method A) thereof was measured. As
a result, the flexural modulus was 51 GPa (along a fiber direction).

Example 2-6

[0221] A fiber-reinforced molded product was obtained in the same manner as in Example 2-1, except that the im-
pregnated fiber fabrics after drying had a weight of 35 g per sheet, the impregnated core material resin foam after drying
had a weight of 45 g, and the resin ratio (a value calculated by Equation (B1) of the resin ratio) in the whole of the fiber
fabrics and the core material resin foam was 74%. The percentage of the thickness of the porous sheet forming the
surface material to the thickness of the core material resin foam was 4 %.
[0222] The fiber-reinforced molded product of Example 2-6 was measured with respect to a specific gravity and an
entire thickness thereof and a thickness of the core material. The specific gravity was 1.45, the entire thickness was 1.0
mm, and the thickness of the core material was 0.52 mm. The compression rate of the core material resin foam was
1823 %, as calculated according to Equation of the compression rate using the thickness (10 mm) of the core material
resin foam before compression and the thickness (0.52 mm) of the core material. Also, to evaluate stiffness of the fiber-
reinforced molded product of Example 2-6, a flexural modulus (JIS K 7074-1988 Method A) thereof was measured. As
a result, the flexural modulus was 55 GPa (along a fiber direction).

Example 2-7

[0223] A fiber-reinforced molded product was obtained in the same manner as in Example 2-1, except that the im-
pregnated fiber fabrics after drying had a weight of 22 g per sheet, the impregnated core material resin foam after drying
had a weight of 16 g, and the resin ratio (a value calculated by Equation (B1) of the resin ratio) in the whole of the fiber
fabrics and the core material resin foam was 51 %. The percentage of the thickness of the porous sheet forming the
surface material to the thickness of the core material resin foam was 4 %.
[0224] The fiber-reinforced molded product of Example 2-7 was measured with respect to a specific gravity and an
entire thickness thereof and a thickness of the core material. The specific gravity was 1.30, the entire thickness was 0.9
mm, and the thickness of the core material was 0.43 mm. The compression rate of the core material resin foam was
2225 %, as calculated according to Equation of the compression rate using the thickness (10 mm) of the core material
resin foam before compression and the thickness (0.43 mm) of the core material. Also, to evaluate stiffness of the fiber-
reinforced molded product of Example 2-7, a flexural modulus (JIS K 7074-1988 Method A) thereof was measured. As
a result, the flexural modulus was 45 GPa (along a fiber direction).

Example 2-8

[0225] A fiber-reinforced molded product was obtained in the same manner as in Example 2-1, except that the im-
pregnated fiber fabrics after drying had 44 g, the core material resin foam was not impregnated with the resin, and the
resin ratio (a value calculated by Equation (B1) of the resin ratio) in the whole of the fiber fabrics and the core material
resin foam was 66 %. The percentage of the thickness of the porous sheet forming the surface material to the thickness
of the core material resin foam was 4 %.
[0226] The fiber-reinforced molded product of Example 2-8 was measured with respect to a specific gravity and an
entire thickness thereof and a thickness of the core material. The specific gravity was 1.30, the entire thickness was 0.9
mm, and the thickness of the core material was 0.43 mm. The compression rate of the core material resin foam was
2225 %, as calculated according to Equation of the compression rate using the thickness (10 mm) of the core material
resin foam before compression and the thickness (0.43 mm) of the core material. Also, to evaluate stiffness of the fiber-
reinforced molded product of Example 2-8, a flexural modulus (JIS K 7074-1988 Method A) thereof was measured. As
a result, the flexural modulus was 50 GPa (along a fiber direction).

Example 2-9

[0227] A fiber-reinforced molded product was obtained in the same manner as in Example 2-1, except that the fiber
fabrics were not impregnated with the resin, the impregnated core material resin foam after drying had a weight of 40
g, and the resin ratio (a value calculated by Equation (B1) of the resin ratio) in the whole of the fiber fabrics and the core
material resin foam was 54 %. The percentage of the thickness of the porous sheet forming the surface material to the
thickness of the core material resin foam was 4 %.
[0228] The fiber-reinforced molded product of Example 2-9 was measured with respect to a specific gravity and an
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entire thickness thereof and a thickness of the core material. The specific gravity was 1.30, the entire thickness was 0.9
mm, and the thickness of the core material was 0.43 mm. The compression rate of the core material resin foam was
2225 %, as calculated according to Equation of the compression rate using the thickness (10 mm) of the core material
resin foam before compression and the thickness (0.43 mm) of the core material. Also, to evaluate stiffness of the fiber-
reinforced molded product of Example 2-9, a flexural modulus (JIS K 7074-1988 Method A) thereof was measured. As
a result, the flexural modulus was 46 GPa (along a fiber direction).

Example 2-10

[0229] A fiber-reinforced molded product was obtained in the same manner as in Example 2-2, except that an urethane
resin foam (moltoprene MF80 produced by Inoac Corporation and having a density of 72 kg/m3) having open cells was
used as the core material resin foam, and the impregnation amount of the thermosetting resin into the core material
resin foam was adjusted such that the resin ratio (a value calculated by Equation (B1) of the resin ration) in the whole
of the fiber fabrics and the core material resin foam was 65%. The percentage of the thickness of the porous sheet
forming the surface material to the thickness of the core material resin foam was 8 %.
[0230] The fiber-reinforced molded product of Example 2-10 was measured with respect to a specific gravity and an
entire thickness thereof and a thickness of the core material. The specific gravity was 1.35, the entire thickness was 0.9
mm, and the thickness of the core material was 0.44 mm. The compression rate of the core material resin foam was
1036 %, as calculated according to Equation of the compression rate using the thickness (5 mm) of the core material
resin foam before compression and the thickness (0.44 mm) of the core material. Also, to evaluate stiffness of the fiber-
reinforced molded product of Example 2-10, a flexural modulus (JIS K 7074-1988 Method A) thereof was measured. As
a result, the flexural modulus was 35 GPa (along a fiber direction).

Example 2-11

[0231] A fiber-reinforced molded product was obtained in the same manner as in Example 2-1, except that an epoxy
resin (a mixture of EPICLON 850, a trade name, produced by DIC Corporation, and WH-1085, a trade name, produced
by DIC Corporation, at a ratio of 100:30) was used as the thermosetting resin. The resin ratio (a value calculated by
Equation (B1) of the resin ration) in the whole of the fiber fabrics and the core material resin foam was 65%. The
percentage of the thickness of the porous sheet forming the surface material to the thickness of the core material resin
foam was 4 %.
[0232] The fiber-reinforced molded product of Example 2-11 was measured with respect to a specific gravity and an
entire thickness thereof and a thickness of the core material. The specific gravity was 1.30, the entire thickness was 0.9
mm, and the thickness of the core material was 0.43 mm. The compression rate of the core material resin foam constituting
the core material was 2225 %, as calculated according to Equation of the compression rate using the thickness (10 mm)
of the core material resin foam before compression and the thickness (0.43 mm) of the core material. Also, to evaluate
stiffness of the fiber-reinforced molded product of Example 2-11, a flexural modulus (JIS K 7074-1988 Method A) thereof
was measured. As a result, the flexural modulus was 49 GPa (along a fiber direction).

Example 2-12

[0233] A fiber-reinforced molded product was obtained in the same manner as in Example 2-1, except that a melamine
resin foam (Basotect V3012, a trade name, produced by BASF and having a density of 9 kg/m3) having open cells and
cut to a thickness of 2.2 mm and a plane size of 2003300 mm (a weight of 1.2 g) was used as the core material resin
foam. In addition, the impregnated core material resin foam after drying had a weight of 16 g. Also, the resin ratio (a
value calculated by Equation (B1) of the resin ration) in the whole of the fiber fabrics and the core material resin foam
was 65%. The percentage of the thickness of the porous sheet forming the surface material to the thickness of the core
material resin foam was 18 %.
[0234] The fiber-reinforced molded product of Example 2-12 was measured with respect to a specific gravity and an
entire thickness thereof and a thickness of the core material. The specific gravity was 1.28, the entire thickness was 0.9
mm, and the thickness of the core material was 0.43 mm. The compression rate of the core material resin foam was
411 %, as calculated according to Equation of the compression rate using the thickness (2.2 mm) of the core material
resin foam before compression and the thickness (0.43 mm) of the core material. Also, to evaluate stiffness of the fiber-
reinforced molded product of Example 2-12, a flexural modulus (JIS K 7074-1988 Method A) thereof was measured. As
a result, the flexural modulus was 46 GPa (along a fiber direction).
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Example 2-13

[0235] A fiber-reinforced molded product was obtained in the same manner as in Example 2-12, except that the
thickness of the core material resin foam was 3 mm and the impregnation amount of the thermosetting resin into the
core material resin foam was adjusted such that the resin ratio in the whole of the fiber fabrics and the core material
resin foam was 65%. The percentage of the thickness of the porous sheet forming the surface material to the thickness
of the core material resin foam was 13 %.
[0236] The fiber-reinforced molded product of Example 2-13 was measured with respect to a specific gravity and an
entire thickness thereof and a thickness of the core material. The specific gravity was 1.29, the entire thickness was 0.9
mm, and the thickness of the core material was 0.43 mm. The compression rate of the core material resin foam was
597 %, as calculated according to Equation of the compression rate using the thickness (3 mm) of the core material
resin foam before compression and the thickness (0.43 mm) of the core material. Also, to evaluate stiffness of the fiber-
reinforced molded product of Example 2-13, a flexural modulus (JIS K 7074) thereof was measured. As a result, the
flexural modulus was 47 GPa (along a fiber direction).

Example 2-14

[0237] A fiber-reinforced molded product was obtained in the same manner as in Example 2-12, except that the
thickness of the core material resin foam was 4 mm and the impregnation amount of the thermosetting resin into the
core material resin foam was adjusted such that the resin ratio in the whole of the fiber fabrics and the core material
resin foam was 65%. The percentage of the thickness of the porous sheet forming the surface material to the thickness
of the core material resin foam was 10 %.
[0238] The fiber-reinforced molded product of Example 2-14 was measured with respect to a specific gravity and an
entire thickness thereof and a thickness of the core material. The specific gravity was 1.29, the entire thickness was 0.9
mm, and the thickness of the core material was 0.43 mm. The compression rate of the core material resin foam was
830 %, as calculated according to Equation of the compression rate using the thickness (4 mm) of the core material
resin foam before compression and the thickness (0.43 mm) of the core material. Also, to evaluate stiffness of the fiber-
reinforced molded product of Example 2-14, a flexural modulus (JIS K 7074) thereof was measured. As a result, the
flexural modulus was 49 GPa (along a fiber direction).

Example 2-15

[0239] A phenolic resin (phenolite 5010, a trade name, produced by DIC Corporation and having solids of 60 %) was
mixed in ethanol at 50 wt%. A plain woven carbon fiber fabric (W-3101, a trade name, produced by TOHO TENAX Co.
Ltd. and having a basis weight of 200 g/m2) was immersed in the phenolic resin solution, and then a porous sheet (MF-
50LE, a trade name, produced by Inoac Corporation and having a bulk specific gravity of 0.03 and a cell number of 50
cells/25 mm) was disposed thereon, thereby obtaining a prepreg.
[0240] As the porous sheet, an urethane resin foam, from which cell membranes were been removed by a dissolution
treatment and which has been cut into a thickness of 0.7 mm in an uncompressed state, was used. In addition, a porosity
of the urethane resin foam used was 97.1 %. The porosity was calculated by the following equation. 

[0241] The carbon fiber fabric was used that had a size of 3803260 mm (a weight of 19.8 g per sheet). The impregnated
carbon fiber fabrics after drying had a weight of 36 g per sheet.
[0242] Two sheets of prepregs obtained in this way were dried for 5 minutes under an atmosphere of 87 °C.
[0243] A melamine resin foam (Basotect V3012, a trade name, produced by BASF and having a density of 9 kg/m3)
having open cells and cut to a thickness of 7.5 mm and a plane size of 3803260 mm (a weight of 6.0 g per sheet) as
the core material resin foam was immersed in the phenolic resin solution in the same manner as in the case of the carbon
fiber fabric. After taking out of the solution, the resin foam was dried for 31 minutes under an atmosphere of 100 °C,
thereby forming the impregnated core material resin foam. The impregnated core material member after drying had a
weight of 67g. Also, a resin ratio in the fiber fabric and the core material member was 64%.
[0244] Then, the prepreg, which is arranged to orient the porous sheet upward, the impregnated core material resin
foam, and the prepreg, which is arranged to orient the porous sheet upward, were laminated in this order on a planar-
type lower press forming mold made of SUS, of which a surface has been previously coated with a mold release agent,
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thereby obtaining a laminate. In other words, the laminate included the fiber fabric, the porous sheet, the core material
resin foam, the fiber fabric and the porous sheet laminated in this order from bottom. This laminate was set on the lower
press forming mold. The percentage of the thickness of the porous sheet forming the surface material to the total thickness
of the core material member and the porous sheet forming the core material was 9 %.
[0245] In the state that the laminate was set on the lower press forming mold, the laminate was pressed by the upper
press forming mold (planar type) at 145 °C for 8 minutes with a surface pressure of 5 MPa, so that the laminate was
compressed and heated and the phenolic resin was reacted and cured in the compressed state.
[0246] In this case, heating of the laminate was performed by cast-in heaters attached on the upper and lower press
forming molds. In addition, a spacing of 1.0 mm was provided between the lower press forming mold and the upper
press forming mold to adjust a compressed thickness of the laminate. Then, the lower and upper molds were opened,
and as a result, a fiber-reinforced molded product, in which the fiber reinforcing materials were laminated on both surfaces
of the core material and the surface material formed of the porous sheet was additionally integrally laminated on the
fiber reinforcing material at one side, was obtained.
[0247] The fiber-reinforced molded product of Example 2-15 was measured with respect to a specific gravity and an
entire thickness thereof and a thickness of the core material. The specific gravity was 1.40, the entire thickness was 1.0
mm, and the thickness of the core material was 0.48 mm. The compression rate of the core material resin foam was
1462 %, as calculated according to Equation of the compression rate using the thickness (7.5 mm) of the core material
resin foam before compression and the thickness (0.48 mm) of the core material. Also, to evaluate stiffness of the fiber-
reinforced molded product of Example 2-15, a flexural modulus (JIS K 7074-1988 Method A) thereof was measured and
as a result, the flexural modulus was 48 GPa.

Example 2-16

[0248] Prepregs obtained in the same manner as in Example 2-15 as described above were used. However, the
prepreg, which is arranged to orient the porous sheet downward, the impregnated core material resin foam, and the
prepreg, which is arranged to orient the porous sheet upward, were laminated in this order on a lower press forming
mold made (planar-type) of SUS, of which a surface has been previously coated with a mold release agent, thereby
obtaining a laminate. In other words, the laminate included the porous sheet, the fiber fabric, the core material resin
foam, the fiber fabric and the porous sheet laminated in this order from bottom. This laminate was set on the lower press
forming mold. The percentage of the total thickness of the porous sheets forming the surface material to the thickness
of the core material member was 19 %.
[0249] In the state that the laminate was set on the lower press forming mold, the laminate was pressed by the upper
press forming mold (planar type) at 145 °C for 8 minutes with a surface pressure of 5 MPa, so that the laminate was
compressed and heated and the phenolic resin was reacted and cured in the compressed state. In this case, heating
of the laminate was performed by cast-in heaters attached on the upper and lower press forming molds. In addition, a
spacing of 1.0 mm was provided between the lower press forming mold and the upper press forming mold to adjust a
compressed thickness of the laminate. Then, the lower and upper molds were opened, and as a result, a fiber-reinforced
molded product, in which the fiber reinforcing materials were laminated on both surfaces of the core material and the
surface materials formed of the porous sheets were additionally integrally laminated on the fiber reinforcing materials,
was obtained.
[0250] The fiber-reinforced molded product of Example 2-16 was measured with respect to a specific gravity and an
entire thickness thereof and a thickness of the core material. The specific gravity was 1.40, the entire thickness was 1.0
mm, and the thickness of the core material was 0.48 mm. The compression rate of the core material resin foam was
1462 %, as calculated according to Equation of the compression rate using the thickness (7.5 mm) of the core material
resin foam before compression and the thickness (0.48 mm) of the core material. Also, to evaluate stiffness of the fiber-
reinforced molded product of Example 2-16, a flexural modulus (JIS K 7074-1988 Method A) thereof was measured and
as a result, the flexural modulus was 42 GPa.

Comparative Example 2-1

[0251] A fiber-reinforced molded product was obtained in the same manner as in Example 2-1, except that the thickness
of the core material resin foam was 0.95 mm and the impregnation amount of the thermosetting resin into the core
material resin foam was adjusted such that the resin ratio (a value calculated by Equation (B1) of the resin ratio) in the
whole of the fiber fabrics and the core material resin foam was 65%. The percentage of the thickness of the porous
sheet forming the surface material to the thickness of the core material resin foam was 42 %.
[0252] The fiber-reinforced molded product of Comparative Example 2-1 was measured with respect to a specific
gravity and an entire thickness thereof and a thickness of the core material. The specific gravity was 1.28, the entire
thickness was 0.9 mm, and the thickness of the core material was 0.43 mm. The compression rate of the core material
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resin foam was 121 %, as calculated according to Equation of the compression rate using the thickness (0.95 mm) of
the core material resin foam before compression and the thickness (0.43 mm) of the core material. Also, to evaluate
stiffness of the fiber-reinforced molded product of Comparative Example 2-1, a flexural modulus (JIS K 7074-1988
Method A) thereof was measured. As a result, the flexural modulus was 24 GPa (along a fiber direction). As compared
to each of Examples described above, the compression rate was low, and thus the flexural modulus (stiffness) was low.

Comparative Example 2-2

[0253] A fiber-reinforced molded product was obtained in the same manner as in Example 2-1, except that the thickness
of the core material resin foam was 30 mm and the impregnation amount of the thermosetting resin into the core material
resin foam was adjusted such that the resin ratio (a value calculated by Equation (B1) of the resin ratio) in the whole of
the fiber fabrics and the core material resin foam was 65%. However, the resin foam was not sufficiently compressed,
so that only a molded product having large non-uniformity in thickness was obtained. Meanwhile, the percentage of the
thickness of the porous sheet forming the surface material to the thickness of the core material resin foam was 1 %.
[0254] Assuming that a resulted thickness of the core material had the same thickness (0.43 mm) as in Example 2-1,
the compression rate in Comparative Example 2 was 6877 %, as calculated according to Equation of the compression
rate using the thickness (30 mm) of the core material resin foam. Accordingly, because the compression rate exceeds
5000%, a good molded product was not obtained according to Comparative Example 2-2.

Comparative Example 2-3

[0255] A fiber-reinforced molded product was obtained in the same manner as in Example 2-8, except that, an urethane
resin foam (THERMAX, a trade name, produced by Inoac Corporation and having a density of 30 kg/m3) having closed
cells and cut to a size of 200330035 mm thickness (a weight of 9 g) was used as the core material resin foam, instead
of the reins foam having open cells, and the resin ratio (a value calculated by Equation (B1) of the resin ration) in the
whole of the fiber fabrics and the core material resin foam was 57%.
[0256] The fiber-reinforced molded product of Comparative Example 2-3 was measured with respect to a specific
gravity and an entire thickness thereof and a thickness of the core material. The specific gravity was 1.29, the entire
thickness was 0.9 mm, and the thickness of the core material was 0.44 mm. The compression rate of the core material
resin foam constituting the core material was 1036 %, as calculated according to Equation of the compression rate using
the thickness (5 mm) of the core material resin foam before compression and the thickness (0.44 mm) of the core material.
[0257] Also, to evaluate stiffness of the fiber-reinforced molded product of Comparative Example 2-3, a flexural modulus
(JIS K 7074-1988 Method A) thereof was measured. As a result, the flexural modulus was 22 GPa (along a fiber direction).
As compared to each of Examples described above, because the foam having closed cells was used as the core material,
the thermosetting resin was not uniformly dispersed and held in the core material, and the flexural modulus (stiffness)
was low.

Comparative Example 2-4

[0258] A fiber-reinforced molded product was obtained in the same manner as in Example 2-1, except that the resin
ratio (a value calculated by Equation (B1) of the resin ratio) in the whole of the fiber fabrics and the core material resin
foam was 45%.
[0259] The fiber-reinforced molded product of Comparative Example 2-4 was measured with respect to a specific
gravity and an entire thickness thereof and a thickness of the core material. The specific gravity was 1.28, the entire
thickness was 0.9 mm, and the thickness of the core material was 0.43 mm. The compression rate of the core material
resin foam was 2225 %, as calculated according to Equation of the compression rate using the thickness (10 mm) of
the core material resin foam before compression and the thickness (0.43 mm) of the core material.
[0260] Also, to evaluate stiffness of the fiber-reinforced molded product of Comparative Example 2-4, a flexural modulus
(JIS K 7074-1988 Method A) thereof was measured. As a result, the flexural modulus was 27 GPa (along a fiber direction).
As compared to each of Examples described above, because the resin ratio was excessively low, an amount of the
thermosetting resin contained was small and the flexural modulus (stiffness) was low.

Comparative Example 2-5

[0261] A fiber-reinforced molded product was obtained in the same manner as in Example 2-1, except that the resin
ratio in the whole of the fiber fabrics and the core material resin foam was 85%. However, because the resin ratio was
too high, an amount of the thermosetting resin contained in the fiber fabrics and the resin foam was excessively large,
so that sufficient compression was not performed. As a result, only a molded product having large non-uniformity in
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thickness was obtained.

Comparative Example 2-6

[0262] An urethane resin foam (THERMAX, a trade name, produced by Inoac Corporation and having a density of 30
kg/m3) having closed cells and cut to a size of 200330031.4 mm thickness (a weight of 2.5 g) was used as the core
material resin foam, instead of the reins foam having open cells. Because the foam had closed cells and thus could not
be impregnated with the thermosetting resin, the fiber fabrics were impregnated with the thermosetting resin.
[0263] The impregnated fiber fabrics after drying were adjusted to have a weight of 37 g per sheet, so that the resin
ratio in the whole of the fiber fabrics and the core material resin foam was 65%. A fiber-reinforced molded product of
Comparative Example 2-6 was obtained in the same manner as in Example 2-8 except for the foregoing.
[0264] The fiber-reinforced molded product of Comparative Example 2-6 was measured with respect to a specific
gravity and an entire thickness thereof and a thickness of the core material. The specific gravity was 1.28, the entire
thickness was 0.9 mm, and the thickness of the core material was 0.44 mm. The compression rate of the core material
resin foam was 218 %, as calculated according to Equation of the compression rate using the thickness (1.4 mm) of the
core material resin foam before compression and the thickness (0.44 mm) of the core material. Also, to evaluate stiffness
of the fiber-reinforced molded product of Comparative Example 2-6, a flexural modulus (JIS K 7074) thereof was meas-
ured. As a result, the flexural modulus was 18 GPa (along a fiber direction).

Comparative Example 2-7

[0265] A thermosetting resin foam (THERMAX, a trade name, produced by Inoac Corporation and having a density
of 30 kg/m3) having closed cells and cut to a size of 200330032.3 mm thickness (a weight of 4.1 g) was used as the
core material resin foam, the impregnated fiber fabrics after drying was adjusted to have a weight of 38 g per sheet, so
that the resin ratio in the whole of the fiber fabrics and the core material resin foam was 65%. A fiber-reinforced molded
product was obtained in the same manner as in Comparative Example 2-6 except for the foregoing.
[0266] The fiber-reinforced molded product of Comparative Example 2-7 was measured with respect to a specific
gravity and an entire thickness thereof and a thickness of the core material. The specific gravity was 1.29, the entire
thickness was 0.9 mm, and the thickness of the core material was 0.44 mm. The compression rate of the core material
resin foam was 422 %, as calculated according to Equation of the compression rate using the thickness (2.3 mm) of the
core material resin foam before compression and the thickness (0.44 mm) of the core material. Also, to evaluate stiffness
of the fiber-reinforced molded product of Comparative Example 2-7, a flexural modulus (JIS K 7074) thereof was meas-
ured. As a result, the flexural modulus was 20 GPa (along a fiber direction).

Comparative Example 2-8

[0267] A resin foam (THERMAX, a trade name, produced by Inoac Corporation and having a density of 30 kg/m3)
having closed cells and cut to a size of 200330033 mm thickness (a weight of 5.4 g) was used as the core material
resin foam, the impregnated fiber fabrics after drying was adjusted to have a weight of 39 g per sheet, so that the resin
ratio in the whole of the fiber fabrics and the core material resin foam was 65%. A fiber-reinforced molded product was
obtained in the same manner as in Comparative Example 2-6 except for the foregoing.
[0268] The fiber-reinforced molded product of Comparative Example 2-8 was measured with respect to a specific
gravity and an entire thickness thereof and a thickness of the core material. The specific gravity was 1.29, the entire
thickness was 0.9 mm, and the thickness of the core material was 0.44 mm. The compression rate of the core material
resin foam was 581 %, as calculated according to Equation of the compression rate using the thickness (3 mm) of the
core material resin foam before compression and the thickness (0.44 mm) of the core material. Also, to evaluate stiffness
of the fiber-reinforced molded product of Comparative Example 2-8, a flexural modulus (JIS K 7074) thereof was meas-
ured. As a result, the flexural modulus was 21 GPa (along a fiber direction).

Comparative Example 2-9

[0269] A thermosetting resin foam (THERMAX, a trade name, produced by Inoac Corporation and having a density
of 30 kg/m3) having closed cells and cut to a size of 200330034 mm thickness (a weight of 7.2 g) was used as the core
material resin foam, the impregnated fiber fabrics after drying was adjusted to have a weight of 41 g per sheet, so that
the resin ratio in the whole of the fiber fabrics and the core material resin foam was 65%. A fiber-reinforced molded
product was obtained in the same manner as in Comparative Example 2-6 except for the foregoing.
[0270] The fiber-reinforced molded product of Comparative Example 2-9 was measured with respect to a specific
gravity and an entire thickness thereof and a thickness of the core material. The specific gravity was 1.30, the entire
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thickness was 0.9 mm, and the thickness of the core material was 0.44 mm. The compression rate of the core material
resin foam was 809 %, as calculated according to Equation of the compression rate using the thickness (4 mm) of the
core material resin foam before compression and the thickness (0.44 mm) of the core material. Also, to evaluate stiffness
of the fiber-reinforced molded product of Comparative Example 2-9, a flexural modulus (JIS K 7074) thereof was meas-
ured. As a result, the flexural modulus was 21 GPa (along a fiber direction).

Comparative Example 2-10

[0271] A thermosetting resin foam (THERMAX, a trade name, produced by Inoac Corporation and having a density
of 30 kg/m3) having closed cells and cut to a size of 200330035 mm thickness (a weight of 9 g) was used as the core
material resin foam, the impregnated fiber fabrics after drying was adjusted to have a weight of 43 g per sheet, so that
the resin ratio in the whole of the fiber fabrics and the core material resin foam was 65%. A fiber-reinforced molded
product was obtained in the same manner as in Comparative Example 2-6 except for the foregoing.
[0272] The fiber-reinforced molded product of Comparative Example 2-10 was measured with respect to a specific
gravity and an entire thickness thereof and a thickness of the core material. The specific gravity was 1.30, the entire
thickness was 0.9 mm, and the thickness of the core material was 0.44 mm. The compression rate of the core material
resin foam was 1036 %, as calculated according to Equation of the compression rate using the thickness (5 mm) of the
core material resin foam before compression and the thickness (0.44 mm) of the core material. Also, to evaluate stiffness
of the fiber-reinforced molded product of Comparative Example 2-10, a flexural modulus (JIS K 7074) thereof was
measured. As a result, the flexural modulus was 22 GPa (along a fiber direction).
[0273] Compression rates, resin ratios, specific gravity, entire thicknesses, and flexural moduli with respect to each
of Examples and Comparative Examples are shown in Table 2.

Table 2

Items
Compression Rate Resin Ratio Specific Gravity Thickness Flexural Modulus

(%) (%) (g/cm3) (mm) (GPa)

Example 2-1 2225 65 1.30 0.9 50

Example 2-2 1062 65 1.29 0.9 49

Example 2-3 2513 65 1.32 0.9 51

Example 2-4 225 65 1.28 0.9 46

Example 2-5 4900 65 1.35 0.9 51

Example 2-6 1823 74 1.45 1 55

Example 2-7 2225 51 1.30 0.9 45

Example 2-8 2225 66 1.30 0.9 50

Example 2-9 2225 54 1.30 0.9 46

Example 2-10 1036 65 1.35 0.9 35

Example 2-11 2225 65 1.30 0.9 49

Example 2-12 411 65 1.28 0.9 46

Example 2-13 597 65 1.29 0.9 47

Example 2-14 830 65 1.29 0.9 49

Example 2-15 1462 64 1.40 1.0 48

Example 2-16 1462 64 1.40 1.0 42

Comparative Example 2-1 121 65 1.28 0.9 25

Comparative Example 2-2 6877

Comparative Example 2-3 1036 57 1.29 0.9 22

Comparative Example 2-4 2225 45 1.28 0.9 27

Comparative Example 2-5 85
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[0274] In Table 2, among Examples 2-1 to 2-5 and 2-12 to 2-14 in which the core material resin foams and the fiber
fabrics are the same type and has the same resin ratio, Example 2-4 having a low compression rate of 225 % has a
lower flexural modulus (stiffness) than the other Examples, whereas Example 2-5 having a high compression rate of
4900% has a higher specific gravity than the other Examples. Thus, there is a tendency that when the compression rate
is small, the flexural modulus (stiffness) becomes smaller accordingly, and on the other hand, there is a tendency that
when the compression rate is large, the specific gravity becomes larger accordingly. From this point of view, the com-
pression rate is 200 to 5000 %, more preferably 1000 to 2600 %.
[0275] Among Examples 2-1, 2-7 to 2-9 and Comparative Example 2-4 in which the core material resin foams and the
fiber fabrics are the same type and has the same compression rate, Comparative Example 2-4 having a resin ratio of
45% has a low flexural modulus of 27 GPa, whereas Example 2-8 having a resin ratio of 66% has a higher flexural
modulus of 50 GPa. Accordingly, it is found that when the resin ratio is high, the flexural modulus (stiffness) becomes larger.
[0276] In addition, Example 2-6 having substantially the same compression rate as those in Examples 2-1, 2-7 to 2-9
and Comparative Example 2-4 and having a high resin ratio of 74 % has a specific gravity of 1.45, whereas Comparative
Example 2-4 having a resin ratio of 45 % has a specific gravity of 1.28 and Example 2-7 having a resin ratio of 51 %
has a specific gravity of 1.30. Accordingly, it is found that when the resin ratio is high, the specific gravity becomes larger.
From this point of view, the resin ratio is 50 to 80 %, more preferably 55 to 50%.
[0277] Comparative Examples 2-3 and 2-6 to 2-10 in which the core material resin foams have closed cells has an
extremely low flexural modulus, as compared to Examples and the other Comparative Examples in which the core
material resin foams have open cells. Also, Examples 2-1 to 2-16 in which the percentage of the total thickness of the
porous sheets forming the surface material before compression to the total thickness of the core material member and
the porous sheet forming the core material before compression was 2 to 29 %, had a flexural modulus larger than that
of Comparative Example 2-4 in which the percentage was 40 %.
[0278] In addition, when comparing Example 2-15, in which the porous sheet is covered on only one surface of the
fiber-reinforced molded product, to Example 2-16, in which the porous sheet are covered on both surfaces of the fiber-
reinforced molded product, it is found that Example 2-16 has a high flexural modulus although the flexural modulus is
lower than that of Example 2-15. In other words, the flexural modulus (stiffness) can be sufficiently kept, even when the
porous sheets having open cells are disposed on both surfaces to enhance design ability. Thus, according to the fiber-
reinforced molded product of the present invention, the stiffness can be compatible with the aesthetic appearance.
[0279] As described above, the article according to examples of the present invention has a light weight, a thinned
thickness and a high stiffness, and also has a good appearance after coating, thereby eliminating a possibility that the
coating film may be peeled off. Therefore, the article is suitable for a housing of portable devices, such as laptop computers.
[0280] According to the present invention, the porous sheet used in the laminating step may be previously impregnated
with the thermosetting resin. In this case, even if the compression rate in the subsequent compressing and heating step
is low, the thermosetting resin can be disposed on the surface of the porous sheet to easily form a uniform resin layer,
thereby obtaining a fiber-reinforced molded product having a good surface smoothness.
[0281] Although the present invention has been described with referenced to the detailed and specific embodiments,
it should be apparent to those skilled in the art that numerous changes and modifications can be made without departing
the scope of the appended claims.
[0282] This application is based on Japanese Patent Application No. 2010-191850 filed on August 30, 2010 and
Japanese Patent Application No. 2010-247288 filed on November 04, 2010.

Industrial Applicability

[0283] The fiber-reinforced molded product according to the present invention has a smooth surface, because stepped
portions created in textures and the like of the fiber fabric constituting the fiber reinforcing material can be filled with the

(continued)

Items
Compression Rate Resin Ratio Specific Gravity Thickness Flexural Modulus

(%) (%) (g/cm3) (mm) (GPa)

Comparative Example 2-6 218 65 1.28 0.9 18

Comparative Example 2-7 422 65 1.29 0.9 20

Comparative Example 2-8 581 65 1.29 0.9 21

Comparative Example 2-9 809 65 1.30 0.9 21

Comparative Example 2-10 1036 65 1.30 0.9 22
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thermosetting resin impregnated into the porous sheet and cured. As a result, the fiber-reinforced molded product
according to the present invention has a high stiffness because of the fiber reinforcing material and also has a good
appearance and a good adhesion to coating materials because of the smooth surface. Also, according to the method
for manufacturing a fiber-reinforced molded product of the present invention, a fiber-reinforced molded product having
a high stiffness and a good appearance can be easily obtained.

List of Reference Numerals

[0284]

10 Fiber-Reinforced Molded Product
10A, 10B, 10C, 10D, 10E Laminate
11 Core Material
11A Core Material Member
11B Thermosetting Resin
11C Impregnated Core Material Member
21 Fiber Reinforcing material
21A Fiber Fabric
21B Thermosetting Resin
21C Impregnated Fiber Fabric
25 Surface Material
25A Porous Sheet
27 Coating film
20A Prepreg
31 Lower Mold
33 Upper Mold

Claims

1. A fiber-reinforced molded product, comprising:

a core material;
a fiber reinforcing material laminated on at least one surface of the core material; and
a surface material laminated on the fiber reinforcing material,
wherein the core material, the fiber reinforcing material and the surface material are integrated,
the fiber reinforcing material comprises a fiber fabric and a thermosetting resin impregnated into the fiber fabric
and cured,
the surface material comprises a porous sheet having open cells, the number of cells being 8 to 80 cells/25mm,
and a thermosetting resin impregnated into the porous sheet and cured, and
the surface material has a surface roughness Rz of 30 mm or less.

2. The fiber-reinforced molded product according to claim 1, wherein the porous sheet is made of a resin foam.

3. The fiber-reinforced molded product according to claim 2, wherein the resin foam is an urethane resin foam.

4. The fiber-reinforced molded product according to claim 2, wherein the resin foam is an urethane resin foam from
which cell membranes are removed.

5. The fiber-reinforced molded product according to any one of claims 1 to 4, wherein the core material comprises a
core material member having open cells, and a core material thermosetting resin impregnated into the core material
member and cured; and
the core material, the fiber reinforcing material and the surface material are integrated by the thermosetting resin
and the core material thermosetting resin.

6. The fiber-reinforced molded product according to claim 5, wherein the core material thermosetting resin is the same
as the thermosetting resin.
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7. The fiber-reinforced molded product according to any one of claims 1 to 6, wherein the fiber reinforcing material is
laminated on both surfaces of the core material, and
the surface material is laminated on at least one surface of the fiber reinforcing material.

8. The fiber-reinforced molded product according to any one of claims 1 to 7, wherein the core material comprises a
plurality of core material members.

9. The fiber-reinforced molded product according to any one of claims 1 to 8, wherein a surface of the surface material
is provided with a coating film, and the coating film has a surface roughness of 25 mm or less.

10. A method for manufacturing a fiber-reinforced molded product, the fiber-reinforced molded product comprising:

a core material including a core material member;
a fiber reinforcing material including a fiber fabric and laminated on at least one surface of the core material; and
a surface material including a porous sheet and laminated on the fiber reinforcing material, the method comprising
the steps of:

impregnating at least one of the core material member and the fiber fabric with a thermosetting resin;
laminating the fiber fabric and the porous sheet in this order on at least one surface of the core material
member, the porous sheet having open cells, the number of cells being 8 to 80 cells/25mm, and a thickness
of 0.4 to 3.0 mm; and
compressing and heating the core material member, the fiber fabric and the porous sheet, thereby impreg-
nating the core material member, the fiber fabric and the porous sheet with the thermosetting resin, curing
the thermosetting resin, and integrating the core material member, the fiber fabric and the porous sheet.

11. The method for manufacturing a fiber-reinforced molded product according to claim 10, wherein the fiber reinforcing
material is laminated on both surfaces of the core material,
the impregnating step includes impregnating the core material member with the thermosetting resin such that a
resin ratio R, defined by Equation B 1 below, is 50 to 80 %,
the laminating step includes laminating at least the fiber fabric on the other surface of the core material member,
the compressing and heating step includes curing the thermosetting resin in a state in which the core material
member is compressed such that a compression rate C, defined by Equation A1 below, is 200 to 5000%, and
the fiber-reinforced molded product has a flexural modulus of 30 GPa or more, 

wherein Ta is a thickness of the core material member after being compressed, Tb is a thickness of the core material
member before being compressed, and C is the compression rate; 

wherein Wa is a total weight of the core material member, the fiber fabric and the porous sheet, Wb is a total weight
of the core material member, the fiber fabric and the porous sheet after being impregnated with the thermosetting
resin, and R is the resin ratio.

12. The method for manufacturing a fiber-reinforced molded product according to claim 11, wherein the compression
rate of the core material member is 1000 to 2600 %.

13. The method for manufacturing a fiber-reinforced molded product according to claim 11 or 12, wherein the porous
sheet is made of an urethane resin foam from which cell membranes are removed.

14. The method for manufacturing a fiber-reinforced molded product according to any one of claims 10 to 13, wherein
the impregnating step includes impregnating both of the core material member and the fiber fabric with the thermo-
setting resin made of same material.
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15. The method for manufacturing a fiber-reinforced molded product according to any one of claims 10 to 14, wherein
the laminating step includes:

producing a prepreg having the fiber fabric impregnated with the thermosetting resin and the porous sheet
laminated on the fiber fabric; and
laminating the prepreg on the core material member such that the fiber fabric contacts the core material member.

16. The method for manufacturing a fiber-reinforced molded product according to any one of claims 10 to 14, wherein
the laminating step includes:

producing two sheets of prepregs, each having the fiber fabric impregnated with the thermosetting resin and
the porous sheet laminated on the fiber fabric; and
laminating the prepregs on both surfaces of the core material member respectively such that the fiber fabric of
one of the prepregs contacts the core material member and such that the porous sheet of the other prepreg
contacts the core material member.

17. The fiber-reinforced molded product according to claim 1,
wherein the core material includes a core material member having open cells, wherein the fiber reinforcing material
is laminated on both surfaces of the core material,
wherein the core material, the fiber reinforcing material and the surface material are integrated by a thermosetting
resin,
the core material is formed by impregnating the core material member with the thermosetting resin and by curing
the thermosetting resin in a state in which the core material member is compressed, and has a compression rate
C, defined by Equation A1 below, of 200 to 5000%,
the thermosetting resin has a resin ratio R, defined by Equation B1 below, of 50 to 80 %, and
the fiber-reinforced molded product has a flexural modulus of 30 GPa or more; 

wherein Ta is a thickness of the core material member after being compressed, Tb is a thickness of the core material
member before being compressed, and C is the compression rate; 

wherein Wa is a total weight of the core material member, the fiber fabric and the porous sheet, Wb is a total weight
of the core material member, the fiber fabric and the porous sheet after being impregnated with the thermosetting
resin, and R is the resin ratio.

Patentansprüche

1. Faserverstärkter Formkörper, umfassend:

ein Kernmaterial;
ein Faser-Verstärkungsmaterial, das zumindest auf einer Oberfläche des Kernmaterials laminiert ist; und
ein Oberflächenmaterial, das auf dem Faser-Verstärkungsmaterial laminiert ist,
wobei das Kernmaterial, das Faser-Verstärkungsmaterial und das Oberflächenmaterial integriert sind,
das Faser-Verstärkungsmaterial ein Fasergewebe und ein wärmehärtbares Harz, das in das Fasergewebe
imprägniert ist und gehärtet ist, umfasst,
das Oberflächenmaterial eine poröse Folie mit offenen Zellen, wobei die Anzahl der Zellen 8 bis 80 Zellen/25
mm beträgt, und ein wärmehärtbares Harz, das in die poröse Folie imprägniert ist und gehärtet ist, umfasst und
das Oberflächenmaterial eine Oberflächenrauigkeit Rz von 30 mm oder weniger hat.

2. Faserverstärkter Formkörper gemäß Anspruch 1, wobei die poröse Folie aus einem Harzschaum hergestellt ist.
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3. Faserverstärkter Formkörper gemäß Anspruch 2, wobei der Harzschaum ein Urethanharzschaum ist.

4. Faserverstärkter Formkörper gemäß Anspruch 2, wobei der Harzschaum ein Urethanharzschaum, von dem die
Zellmembranen entfernt worden sind, ist.

5. Faserverstärkter Formkörper gemäß einem der Ansprüche 1 bis 4, wobei das Kernmaterial ein Kernmaterialteil mit
offenen Zellen und ein Kernmaterial-wärmehärtbares Harz, das in das Kernmaterialteil imprägniert ist und gehärtet
ist, umfasst; und
das Kernmaterial, das Faser-Verstärkungsmaterial und das Oberflächenmaterial durch das wärmehärtbare Harz
und das Kernmaterial-wärmehärtbare Harz integriert sind.

6. Faserverstärkter Formkörper gemäß Anspruch 5, wobei das Kernmaterial-wärmehärtbare Harz dasselbe wie das
wärmehärtbare Harz ist.

7. Faserverstärkter Formkörper gemäß einem der Ansprüche 1 bis 6, wobei das Faser-Verstärkungsmaterial auf beiden
Oberflächen des Kernmaterials laminiert ist und
das Oberflächenmaterial auf zumindest einer Oberfläche des Faser-Verstärkungsmaterials laminiert ist.

8. Faserverstärkter Formkörper gemäß einem der Ansprüche 1 bis 7, wobei das Kernmaterial mehrere Kernmaterialteile
umfasst.

9. Faserverstärkter Formkörper gemäß einem der Ansprüche 1 bis 8, wobei eine Oberfläche des Oberflächenmaterials
mit einem Beschichtungsfilm versehen ist und der Beschichtungsfilm eine Oberflächenrauigkeit von 25 mm oder
weniger hat.

10. Verfahren zur Herstellung eines faserverstärkten Formkörpers, wobei der faserverstärkte Formkörper umfasst:

ein Kernmaterial, das ein Kernmaterialteil einschließt;
ein Faser-Verstärkungsmaterial, das ein Fasergewebe einschließt und auf zumindest einer Oberfläche des
Kernmaterials laminiert ist; und
ein Oberflächenmaterial, das eine poröse Folie einschließt und auf dem Faser-Verstärkungsmaterial laminiert
ist, wobei das Verfahren die Schritte umfasst:

Imprägnieren von zumindest dem Kernmaterialteil oder dem Fasergewebe mit einem wärmehärtbaren Harz;
Laminieren des Fasergewebes und der porösen Folie in dieser Reihenfolge auf zumindest einer Oberfläche
des Kernmaterialteils, wobei die poröse Folie offene Zellen mit einer Zellenanzahl von 8 bis 80 Zellen/25
mm und
eine Dicke von 0,4 bis 3,0 mm hat; und
Komprimieren und Erwärmen des Kernmaterialteils, des Fasergewebes und der porösen Folie, um dadurch
das Kernmaterialteil, das Fasergewebe und die poröse Folie mit dem wärmehärtbaren Harz zu imprägnie-
ren, das wärmehärtbare Harz auszuhärten und das Kernmaterialteil, das Fasergewebe und die poröse
Folie zu integrieren.

11. Verfahren zur Herstellung eines faserverstärkten Formkörpers gemäß Anspruch 10, wobei das Faser-Verstärkungs-
material auf beiden Oberflächen des Kernmaterials laminiert ist,
der Imprägnierungsschritt die Imprägnierung des Kernmaterialteils mit dem wärmehärtbaren Harz einschließt, so
dass das Harzverhältnis R, das durch die Gleichung B1 unten definiert ist, 50 bis 80 % beträgt,
der Laminierungsschritt die Laminierung von zumindest dem Fasergewebe auf der anderen Oberfläche des Kern-
materialteils einschließt,
der Komprimierungs- und Erwärmungsschritt die Aushärtung des wärmehärtbaren Harzes in einem Zustand ein-
schließt, in dem das Kernmaterialteil so komprimiert wird, dass die Komprimierungsrate C, die durch die Gleichung
A1 unten definiert ist, 200 bis 5.000 % beträgt, und
der faserverstärkte Formkörper ein Biegemodul von 30 GPa oder mehr hat, 
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wobei Ta die Dicke des Kernmaterialteils, nachdem es komprimiert worden ist, ist, Tb die Dicke des Kernmaterialteils,
bevor es komprimiert wird, ist und C die Komprimierungsrate ist; 

wobei Wa das Gesamtgewicht des Kernmaterialteils, des Fasergewebes und der porösen Folie ist, Wb das Ge-
samtgewicht des Kernmaterialteils, des Fasergewebes und der porösen Folie, nachdem sie mit dem wärmehärtbaren
Harz imprägniert worden sind, ist und R das Harzverhältnis ist.

12. Verfahren zur Herstellung eines faserverstärkten Formkörpers gemäß Anspruch 11, wobei die Komprimierungsrate
des Kernmaterialteils 1.000 bis 2.600 % beträgt.

13. Verfahren zur Herstellung eines faserverstärkten Formkörpers gemäß Anspruch 11 oder 12, wobei die poröse Folie
aus einem Urethanharzschaum, von dem die Zellmembranen entfernt worden ist, hergestellt ist.

14. Verfahren zur Herstellung eines faserverstärkten Formkörpers gemäß einem der Ansprüche 10 bis 13, wobei der
Imprägnierungsschritt die Imprägnierung von sowohl dem Kernmaterialteil als auch dem Fasergewebe mit dem
wärmehärtbaren Harz, das aus demselben Material hergestellt ist, einschließt.

15. Verfahren zur Herstellung eines faserverstärkten Formkörpers gemäß einem der Ansprüche 10 bis 14, wobei der
Laminierungsschritt einschließt:

Herstellen eines Prepregs, bei dem das Fasergewebe mit dem wärmehärtbaren Harz imprägniert ist und die
poröse Folie auf dem Fasergewebe laminiert ist; und
Laminieren des Prepregs auf das Kernmaterialteil, so dass das Fasergewebe das Kernmaterialteil kontaktiert.

16. Verfahren zur Herstellung eines faserverstärkten Formkörpers gemäß einem der Ansprüche 10 bis 14, wobei der
Laminierungsschritt einschließt:

Herstellen zweier Prepreg-Folien, wobei bei jeder das Fasergewebe mit dem wärmehärtbaren Harz imprägniert
ist und die poröse Folie auf dem Fasergewebe laminiert ist; und
Laminieren der Prepregs auf entsprechend beide Oberflächen des Kernmaterialteils, so dass das Fasergewebe
von einem der Prepregs das Kernmaterialteil kontaktiert und so dass die poröse Folie des anderen Prepregs
das Kernmaterialteil kontaktiert.

17. Faserverstärkter Formkörper gemäß Anspruch 1,
wobei das Kernmaterial ein Kernmaterialteil mit offenen Zellen einschließt,
wobei das Faser-Verstärkungsmaterial auf beiden Oberflächen des Kernmaterials laminiert ist,
wobei das Kernmaterial, das Faserverstärkungsmaterial und das Oberflächenmaterial durch ein wärmehärtbares
Harz integriert sind,
das Kernmaterial durch Imprägnieren des Kernmaterialteils mit dem wärmehärtbaren Harz und durch Aushärten
des wärmehärtbaren Harzes in einem Zustand, in dem das Kernmaterialteil komprimiert ist, hergestellt wird, eine
Komprimierungsrate C, die durch die Gleichung A1 unten definiert ist, von 200 bis 5.000 % aufweist,
das wärmehärtbare Harz ein Harzverhältnis R, das durch die Gleichung B1 unten definiert ist, von 50 bis 80 %
aufweist, und
der faserverstärkte Formkörper ein Biegemodul von 30 GPa oder mehr hat; 

wobei Ta die Dicke des Kernmaterialteils, nachdem es komprimiert worden ist, ist, Tb die Dicke des Kernmaterialteils,
bevor es komprimiert wird, ist und C die Komprimierungsrate ist; 
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wobei Wa das Gesamtgewicht des Kernmaterialteils, des Fasergewebes und der porösen Folie ist, Wb das Ge-
samtgewicht des Kernmaterialteils, des Fasergewebes und der porösen Folie, nachdem sie mit dem wärmehärtbaren
Harz imprägniert worden sind, ist und R das Harzverhältnis ist.

Revendications

1. Produit moulé renforcé par des fibres, comprenant :

un matériau d’âme ;
un matériau de renforcement par des fibres stratifié sur au moins une surface du matériau d’âme ; et
un matériau de surface stratifié sur le matériau de renforcement par des fibres,
dans lequel le matériau d’âme, le matériau de renforcement par des fibres et le matériau de surface sont intégrés,
le matériau de renforcement par des fibres comprend une étoffe de fibre et une résine thermodurcissable
imprégnée dans l’étoffe de fibres et durcie,
le matériau de surface comprend une feuille poreuse ayant des cellules ouvertes, le nombre de cellules étant
de 8 à 80 cellules/25 mm, et une résine thermodurcissable imprégnée dans la feuille poreuse et durcie, et
le matériau de surface a une rugosité de surface Rz de 30 mm ou moins.

2. Produit moulé renforcé par des fibres selon la revendication 1, dans lequel la feuille poreuse est constituée d’une
mousse de résine.

3. Produit moulé renforcé par des fibres selon la revendication 2, dans lequel la mousse de résine est une mousse
de résine d’uréthane.

4. Produit moulé renforcé par des fibres selon la revendication 2, dans lequel la mousse de résine est une mousse
de résine d’uréthane dont les membranes cellulaires ont été enlevées.

5. Produit moulé renforcé par des fibres selon l’une quelconque des revendications 1 à 4, dans lequel le matériau
d’âme comprend un élément de matériau d’âme ayant des cellules ouvertes, et une résine thermodurcissable de
matériau d’âme imprégnée dans l’élément de matériau d’âme et durcie ; et
le matériau d’âme, le matériau de renforcement par des fibres et le matériau de surface sont intégrés par la résine
thermodurcissable et la résine thermodurcissable de matériau d’âme.

6. Produit moulé renforcé par des fibres selon la revendication 5, dans lequel la résine thermodurcissable de matériau
d’âme est identique à la résine thermodurcissable.

7. Produit moulé renforcé par des fibres selon l’une quelconque des revendications 1 à 6, dans lequel le matériau de
renforcement par des fibres est stratifié sur les deux surfaces du matériau d’âme, et
le matériau de surface est stratifié sur au moins une surface du matériau de renforcement par des fibres.

8. Produit moulé renforcé par des fibres selon l’une quelconque des revendications 1 à 7, dans lequel le matériau
d’âme comprend une pluralité d’éléments de matériau d’âme.

9. Produit moulé renforcé par des fibres selon l’une quelconque des revendications 1 à 8, dans lequel une surface du
matériau de surface est dotée d’un film de revêtement, et le film de revêtement a une rugosité de surface de 25 mm
ou moins.

10. Procédé de fabrication d’un produit moulé renforcé par des fibres, le produit moulé renforcé par des fibres
comprenant :

un matériau d’âme incluant un élément de matériau d’âme ;
un matériau de renforcement par des fibres incluant une étoffe de fibres et stratifié sur au moins une surface
du matériau d’âme ; et
un matériau de surface incluant une feuille poreuse et stratifié sur le matériau de renforcement par des fibres,
le procédé comprenant les étapes suivantes :

imprégnation d’au moins l’un de l’élément de matériau d’âme et de l’étoffe de fibres d’une résine



EP 2 612 754 B1

41

5

10

15

20

25

30

35

40

45

50

55

thermodurcissable ;
stratification de l’étoffe de fibres et de la feuille poreuse dans cet ordre sur au moins une surface de l’élément
de matériau d’âme, la feuille poreuse ayant des cellules ouvertes, le nombre de cellules étant de 8 à 80
cellules/25 mm, et une épaisseur de 0,4 à 3,0 mm ; et
compression et chauffage de l’élément de matériau d’âme, de l’étoffe de fibres et de la feuille poreuse,
imprégnant ainsi l’élément de matériau d’âme, l’étoffe de fibres et la feuille poreuse de la résine thermo-
durcissable, durcissement de la résine thermodurcissable, et intégration de l’élément de matériau d’âme,
de l’étoffe de fibres et de la feuille poreuse.

11. Procédé de fabrication d’un produit moulé renforcé par des fibres selon la revendication 10, dans lequel le matériau
de renforcement par des fibres est stratifié sur les deux surfaces du matériau d’âme,
l’étape d’imprégnation comprend l’imprégnation de l’élément de matériau d’âme avec la résine thermodurcissable
de sorte qu’un rapport de résine R, défini par l’équation B1 ci-dessous, soit de 50 à 80 %,
l’étape de stratification comprend la stratification d’au moins l’étoffe de fibres sur l’autre surface de l’élément de
matériau d’âme,
l’étape de compression et de chauffage comprend le durcissement de la résine thermodurcissable dans un état
dans lequel l’élément de matériau d’âme est comprimé de sorte qu’un taux de compression C, défini par l’équation
A1 ci-dessous, soit de 200 à 5 000 %, et
le produit moulé renforcé par des fibres a un module d’élasticité en flexion de 30 GPa ou plus, 

dans laquelle Ta est une épaisseur de l’élément de matériau d’âme après compression, Tb est une épaisseur de
l’élément de matériau d’âme avant compression, et C est le taux de compression ; 

dans laquelle Wa est un poids total de l’élément de matériau d’âme, de l’étoffe de fibres et de la feuille poreuse,
Wb est un poids total de l’élément de matériau d’âme, de l’étoffe de fibre et de la feuille poreuse après imprégnation
avec la résine thermodurcissable, et R est le rapport de résine.

12. Procédé de fabrication d’un produit moulé renforcé par des fibres selon la revendication 11, dans lequel le taux de
compression de l’élément de matériau d’âme est de 1 000 à 2 600 %.

13. Procédé de fabrication d’un produit moulé renforcé par des fibres selon la revendication 11 ou 12, dans lequel la
feuille poreuse est constituée d’une mousse de résine d’uréthane dont les membranes cellulaires ont été enlevées.

14. Procédé de fabrication d’un produit moulé renforcé par des fibres selon l’une quelconque des revendications 10 à
13, dans lequel l’étape d’imprégnation comprend l’imprégnation à la fois de l’élément de matériau d’âme et de l’étoffe
de fibres avec la résine thermodurcissable constituée du même matériau.

15. Procédé de fabrication d’un produit moulé renforcé par des fibres selon l’une quelconque des revendications 10 à
14, dans lequel l’étape de stratification comprend :

la production d’un préimprégné comprenant l’étoffe de fibres imprégnée avec la résine thermodurcissable et la
feuille poreuse stratifiée sur l’étoffe de fibres ; et
la stratification du préimprégné sur l’élément de matériau d’âme de sorte que l’étoffe de fibres entre en contact
avec l’élément de matériau d’âme.

16. Procédé de fabrication d’un produit moulé renforcé par des fibres selon l’une quelconque des revendications 10 à
14, dans lequel l’étape de stratification comprend :

la production de deux feuilles de préimprégné, comprenant chacune l’étoffe de fibres imprégnée avec la résine
thermodurcissable et la feuille poreuse stratifiée sur l’étoffe de fibres ; et
stratification des préimprégnés sur les deux surfaces de l’élément de matériau d’âme respectivement de sorte
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que l’étoffe de fibres de l’un des préimprégnés entre en contact avec l’élément de matériau d’âme et de sorte
que la feuille poreuse de l’autre préimprégné entre en contact avec l’élément de matériau d’âme.

17. Produit moulé renforcé par des fibres selon la revendication 1,
dans lequel le matériau d’âme comprend un élément de matériau d’âme ayant des cellules ouvertes,
dans lequel le matériau de renforcement par des fibres est stratifié sur les deux surfaces du matériau d’âme,
dans lequel le matériau d’âme, le matériau de renforcement par des fibres et le matériau de surface sont intégrés
par une résine thermodurcissable,
le matériau d’âme est formé par imprégnation de l’élément de matériau d’âme avec la résine thermodurcissable et
par durcissement de la résine thermodurcissable dans un état dans lequel l’élément de matériau d’âme est comprimé,
et a un taux de compression C, défini par l’équation A1 ci-dessous, de 200 à 5 000 %,
la résine thermodurcissable a un rapport de résine R, défini par l’équation B1 ci-dessous, de 50 à 80 %, et
le produit moulé renforcé par des fibres a un module d’élasticité en flexion de 30 GPa ou plus ;

dans laquelle Ta est une épaisseur de l’élément de matériau d’âme après compression, Tb est une épaisseur de
l’élément de matériau d’âme avant compression, et C est le taux de compression ; 

dans laquelle Wa est un poids total de l’élément de matériau d’âme, de l’étoffe de fibre et de la feuille poreuse, Wb
est un poids total de l’élément de matériau d’âme, de l’étoffe de fibre et de la feuille poreuse après imprégnation
avec la résine thermodurcissable, et R est le rapport de résine.



EP 2 612 754 B1

43



EP 2 612 754 B1

44



EP 2 612 754 B1

45



EP 2 612 754 B1

46



EP 2 612 754 B1

47



EP 2 612 754 B1

48



EP 2 612 754 B1

49



EP 2 612 754 B1

50

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2004209717 A [0009]
• WO 2006028107 A [0009]
• JP 2007038519 A [0009]
• JP 1163020 A [0009]

• JP 7040490 A [0010]
• JP 2010191850 A [0282]
• JP 2010247288 A [0282]


	bibliography
	description
	claims
	drawings
	cited references

