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ABSTRACT

A method of molding composite materials: includes a
shaping process S1 of shaping a laminate having fiber
sheets laminated over one another, by bending the laminate
in an X-direction and a Y-direction, in a three-dimensional

g
p—

orthogonal coordinate system, and a molding process S3 of

mounting the laminate 3 that has been shaped, onto a mold

material 30 deformed 1n a Z-dilrection, impregnating a resin

-
p—

material into the laminate 3 while adjusting an amount of

the resin material filled in, and molding the composite

materials 1 that have cured such that the composite

materials 1 are shaped to have a first inclined surface 21

inclined at a first inclination angle 01 with respect to a

reference plane 1n the Z-direction; and a mold material 30

has a first inclination molding surface 41 that molds the
first inclined surface 21, and a second inclination molding
surface 42 that molds a surface of the composite materials

1, the surface being opposite to the first inclined surface

21, 1nto a second inclined surface 22 having a second

inclination angle 82 smaller than the first inclination

angle 01.
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DESCRIPTION

COMPOSITE MATERIALS MOLDING METHOD, AND COMPOSITE MATERIALS

Field

[0001] The present invention relates to a composite
materials molding method, and composite materials.
Background

[0002] Conventionally, a plate thickness correction tool

for reduction of a molding defect at a corner portion

having an L-shaped or C-shaped cross section has been known
(see, for example, Patent Literature 1). This plate
thickness correction tool 1s placed over composite
materials, which have been shaped so as to have an L-shaped
or C-shaped cross section, and the plate thickness
correction tool is made of a material having flexibility at
a temperature lower than a heat curing temperature of the
composite materials. The plate thickness correction tool
uniformly maintains plate thickness of the composite
materials with elastic force of elastic deformation in a
state that the plate thickness correction tool is placed
over the composite materials even after the composite
materilals cured.

Citation List

Patent Literature

[0003] Patent Literature 1l: Japanese Unexamined Patent
Application Publication No. 2007-15351 A

Summary

Technical Problem

[0004] As described 1in Patent Literature 1, when the

composite materials are shaped, a laminate having fiber

sheets laminated over one another 1s two-dimensionally bent

into a predetermined shape in a cross section orthogonal to

a sheet surface thereof. Further, after being bent two-
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dimensionally, the lamlnate may be bent into a
predetermined shape 1n a cross section orthogonal to the
two-dimensional cross section thereof. That is, the
laminate may be three-dimensionally bent into a
predetermined shape 1n a three-dimensiocnal space. When the
laminate 1s bent three-dimensionally, wrinkles, where the
fiber sheets forming the laminate meander, tend to be
generated. Therefore, since the laminate needs to be made
into a predetermined shape that reduces the formation of

wrinkles, when the laminate 1s bent three-dimensionally,

freedom of design for the composite materials 1s decreased.
10005] Thus, an object of the present invention 1is to

provide a composite materials molding method and composite

materials, which enable generation of wrinkles to be

reduced.

Solution to Problem

[0006] A method of molding composite materials according
to the present invention to be joilned to a skin having a
panel shape 1nclined at a first 1nclination angle with
respect to an XZ plane from a Z-axlis 1n a Y-direction in a
three-dimensional orthogonal coordinate system includes a

i

- shaping a laminate having fiber sheets

shaplng process o1
laminated over one another, by bending the laminate in an
X—direction and the Y-direction such that a cross sectional
shape of the laminate becomes the same along a Z-direction,
and a molding process of mounting the laminate that has

been shaped, onto a mold material having a change in shape

from the Z-axis in the Y-direction, impregnating a resin
material 1nto the laminate while adjusting an amount of the

resin material filled therein, and molding the composite

materials that have cured i1nto a shape having a first
inclined surface inclined at the first inclination angle

with respect to the XZ plane from the Z-axis in the Y-
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direction, such that the composite materials that have
cured have a shape complementary to the panel shape of the

skin. The mold material has a first inclination molding

surface that molds the first i1nclined surface and serves as

a joint surface to the skin, and a second 1nclination

molding surface that molds a surface of the composite

materials, the surface being opposite to the first i1nclined
surface, into a second inclined surface having a second

inclination angle smaller than the first 1nclination angle.

[0007] According to this configuration, even 1f the

laminate is bent three-dimensionally, by molding the

composite materials that have cured such that the first

inclined surface and the second inclined surface are formed

therein, generation of wrinkles 1s able to be reduced.

That is, since the second inclination molding surface that

molds the second inclined surface of the composite

materials 1s an inclined surface that i1s more moderate than

the first inclination molding surface, wrinkles according

to the second inclined surface will be formed. Since the
wrinkles formed according to the second inclined surface

are able to be made into wrinkles smaller than wrinkles

formed according to the first inclined surface, generation

of wrinkles is able to be reduced. As the generation of

wrinkles is able to be reduced, restriction on shape of the

composlite materials 1s mitigated, and for example, the

gr—

first inclination angle of the first inclined surface 1s

able to be made an angle larger than that done

F

conventionally. Therefore freedom of design of the

composlite materials 1s able to be increased. The fiber
sheets may be dry or may be a prepreg formed by
impregnation of resin. Further, the mold material may be:
a mold made by use of metal, such as aluminum or Invar; a

common material that i1s the same material as those of the



10

15

20

25

30

CA 02995321 2018-02-09
] t

Docket No. PMHA-17089-PCT: FINAL

composite materials to be molded; or a mold material made
by use of a bonded material that has cured.

10008 ] Further, it 1s preferable that the fiber sheets

are 1n a dry state.

[0009] According to this configuration, a state where

interlayer slippage in the laminate easily occurs 1s
achieved. Therefore, since a structure, which easily
allows displacement of the laminate that 1s bent three-
dimensionally, 1s able to be made, generation of wrinkles
1s able to be reduced even more.

[0010] Further, it 1s preferable that, in the molding

process, a fiber volume content of an inclined part that 1s

a part where the first inclined surface 1s formed is

smaller than a fiber volume content of an adjacent part

that 1s a part adjacent to the inclined part.

[0011] According to this configuration, since the
interposure of the laminate at the first inclination
molding surface 1s mitigated, the resin material 1s able to

be more easily filled into the inclined part as compared to

the adjacent part, and the fiber volume content of the
inclined part is decreased. Therefore, molding 1s able to
be achieved with the plate thickness of the inclined part

being made thicker than the plate thickness of the adjacent
part.

[0012] Further, it 1s preferable that, in the molding
process, the composite materials are molded, such that a

P

plate thickness of the composlite materials that has cured

becomes thinner than a plate thickness of the composite
materials that have not cured.
[0013] According to this configuration, by discharge of

the excessive resin material filled into the laminate

r—

outside, the plate thickness of the composite materials

that have cured 1is able to be made thinner than the plate
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thickness of the composite materials that has not cured.

Therefore, by adjustment of the amount of resin material

filled 1n, the first 1nclined surface and the second

inclined surface of the composite materials are able to be
molded, and thus molding of the composite materials by use
of the mold material is able to be carried out accurately.
[0014] Further, 1t 1s preferable that, i1n the molding
process, the composite materials are molded, such that an
increase in fiber volume content of the composite materials

that have cured is equal to or less than 20% of a fiber

volume content of the composite materials that have not

cured.
[0015] According to this configuration, even 1f the

fiber volume content changes for molding of the first

inclined surface and second inclined surface, by the

composite materials being molded such that the increase 1n

the fiber volume content is equal to or less than 20%,

——

reduction in strength of the composite materials 1s able to

be lessened. More preferably, the composite materials are

molded such that the increase in the fiber wvolume content

of the composite materials that have cured 1s 1n a range of

about 5% to 10% of the fiber volume content of the

composite materials that have not cured.

(0016] A composite materials according to the present

invention change in shape in an X-direction, a Y-direction,
and a Z-direction, 1n a three-dimensional orthogonal

coordinate system, and have a shape having a first inclined

surface that is inclined at a first inclination angle with

respect to a reference plane, and a second 1nclined suriace

that 1is a surface opposite to the first inclined surface

and that has a second inclination angle smaller than the

first i1nclination angle.

[0017] According to this configuration, by molding of
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the first inclined surface and the second inclined surface,
a shape with the generation of wrinkles reduced 1s able to
be made. Thus, as the generation of wrinkles is able to be

reduced, restriction on the shape 1s mitigated, and for

example, the first inclination angle of the first inclined

surface is able to be shaped 1nto an angle larger than that
done conventionally. Therefore, the composite materials

high in freedom of design are able to be shaped.

[0018] Further, it is preferable that a fiber volume

content of an inclined part that is a part where the first

inclined surface is formed is smaller than a fiber volume
content of an adjacent part that is a part adjacent to the
inclined part.

[0019] According to this configuration, since 1t becomes
easier for the resin material to be filled into the
inclined part, as compared to the adjacent part, the fiber

volume content of the inclined part i1s decreased.

Therefore, molding is able to be achieved with the plate

thickness of the inclined part being made thicker than the

plate thickness of the adjacent part.

Brief Description of Drawings

[0020] FIG. 1 is a perspective view 1llustrating a spar,
which is an example of composite materials molded by a
composite materials molding method according to an
embodiment.

FIG. 2 is a perspective view 1llustrating a stringer,
which is another example of the composite materilals molded
by the composite materials molding method according to the

embodiment.

FIG. 3 1s an explanatory diagram related to the
composite materials molding method according to the

embodiment.

FIG. 4 1s an explanatory diagram related to shapes of
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the composite materials having cured and not cured.

FIG. 5 1s an explanatory diagram illustrating
operation of the composite materials molding method
according to the embodiment.

F'IG. 6 1s an explanatory diagram related to a

composlite materilials molding method according to a

modification of the embodiment.

Description of Embodiments

10021 ] Hereinafter, embodiments according to the present
invention will be described in detail, based on the

drawlngs. The present 1nvention 1is not limited by these

embodiments. Further, components in the following
embodiments include any component that 1s easily
substitutable by those skilled in the art or any component
that 1s substantially the same. Furthermore, the

components described below may be combined with one another,
as appropriate, and when there are plural embodiments, any
of the embodiments may be combined with one another.

(0022 ] [Embodiments]

A molding method for composite materials 1 according

to this embodiment 1s a method for the composite materials

1 to be molded, the composite materials 1 constituting, for

example, an airframe or the like of an aircraft. The

composite materials 1 may be, for example, a spar 10

1llustrated in FIG. 1, a stringer 20 illustrated in FIG. 2,

or the like. Description will be made with the embodiment

ustrated 1in

pbeing applied to the composite materials 1 il

FIG. 1 and FIG. 2, but the embodiment is not limited to

these composite materials 1.

[0023] FIG. 1 1s a perspective view illustrating a spar,
which 1s an example of composite materials molded by a

composite materials molding method according to the

embodiment. FIG. 2 1is a perspective view illustrating a
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stringer, which is another example of the composite
materials molded by the composite materials molding method
according to the embodiment. FIG. 3 1s an explanatory

diagram related to the composite materials molding method

according to the embodiment. FIG. 4 1s an explanatory
diagram related to shapes of the composite materials having

cured and not cured. FIG. 5 1s an explanatory diagram

illustrating operation of the composite materilals molding

method according to the embodiment.

P

[0024] Before description of the molding method for the

composite materials 1; by reference to FIG. 1 and FIG. Z,
the composite materials 1 molded by this molding method

will be described. The composite materials 1 1llustrated

-y

in FIG. 1 and FIG. 2 are formed by use of carbon fiber

reinforced plastic (CFRP). These composite materials 1 are

each molded by: formation of a laminate 3 (seé FIG. 5) by

lamination of plural carbon fiber sheets; and impregnation
of resin into this laminate 3 and curing thereof. The
composite materials 1 are mounted on a mounted member >5.

The mounted member 5 1s, similarly to the composite

materials 1, CFRP, and as illustrated in FIG. 1 and FIG. 2,

a ply drop-off portion 6 is formed in the mounted member 5.

The ply drop-off portion 6 has an inclined surface formed

F

thereon, by removal of a portion of the laminated carbon

fiber sheets. When a flat surface at a lower side of and
adjacent to the ply drop-off portion 6 is referred to as a

reference plane, this inclined surface 1s 1nclined at a

predetermined inclination angle 91 with respect to the
reference plane. Therefore, a first inclined surface 1s
formed 1in a contact surface of the composite materials
mounted on the mounted member 5, the contact surface coming
1nto contact with the ply drop-off portion 6 of the mounted

memper 5, the first inclined surface having a shape
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complementary to that of the inclined surface of the ply

drop-off portion 6. That 1s, the first inclined surface 1is

inclined at the predetermined inclination angle 01 with
respect to the reference plane. When the composite
materials 1 having the first 1nclined surface are molded;
as illustrated in FIG. 1 and FIG. 2, the composite

materials 1 are molded to be changed 1in shape in an X-

direction, a Y-direction, and a Z-dlrection, 1n a three-

dimensional orthogonal coordinate systemn.

[0025] As i1llustrated in FIG. 1 and FIG. 2, when the
composite materials 1, which are changed 1n shape 1n the X-
direction, Y-direction, and Z-direction 1n the three-
dimensional orthogonal coordinate system, are molded, the
laminate 3 1s shaped by being bent three-dimensionally.
Specifically, the laminate 3 is two-dimensionally bent by
being bent in the X-direction or Y-direction, such that the
laminate 3 is made to have the same cross-sectional shape

along the Z-direction. For example, for the spar 10

i1llustrated in FIG. 1, the laminate 3 1s bent
perpendicularly to an XZ plane i1in the Y-direction, and

further bent perpendicularly to a YZ plane in the X-

direction. Further, for the stringer 20 illustrated 1in FIG.

2, the laminate 3 1s bent such that a cross section thereof

becomes T-shaped in an XY plane. Furthermore, after beling
bent two-dimensionally, the laminate 3 1s three-

dimensionally bent into a predetermined shape in the YZ

plane orthogonal to the XY plane. For example, for the

spar 10 1llustrated 1n FIG. 1, the laminate 3 1is bent, such

gr—

that both of opposite end portions that have been bent in

the XY plane are deformed in mutually approaching
directions 1in the YZ plane. Moreover, for the stringer 20

1llustrated in FIG. 2, the laminate 3 is bent such that

height thereof in the YZ plane is displaced.
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[0026] As i1llustrated in FIG. 1, by being molded by use
of a predetermined mold, the laminate 3 that has been

shaped as described above 1s molded into the spar 10 having

a shape with a first i1nclined surface 11. Although details
will be described later, in this spar 10, a surface
opposite to the first inclined surface 11 1s a second

inclined surface 12, and this second inclined surface 12 1is

inclined at a predetermined inclination angle 062 with

respect to the above described reference plane. The

inclination angle 062 is an angle smaller than the

inclination angle 0O1.

[0027] Further, as illustrated in FIG. 2, by being

p—

molded by use of a predetermined mold, the laminate 3 that

has been shaped as described above 1s molded into the

stringer 20 having a shape with a first inclined surface Z21.

Although details will be described later, in thils stringer

20 also, a surface opposite to the first inclined surface

21 1s a second inclined surface 22, and this second

inclined surface 22 1s 1nclined at a predetermined

inclination angle 02 with respect to the above described

reference plane. The inclination angle 02 is an angle

smaller than the inclination angle 01.

[0028] Next, by reference to FIG. 3 to FIG. 5, the

composite materials molding method will be described. This

composite materials molding method 1s a molding method, 1n
which fiber sheets in a dry state are used, and vacuum

asslsted resin transfer molding (VaRTM), resin transfer

molding (RTM), infusion molding, or the like is applicable

thereto. 1In the following description, a case where the

stringer 20 illustrated in FIG. 2 1s molded will be
explained. The stringer 20 may be integrally molded with a

skin 19, which 1s the mounted member 5, and hereinafter, a
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case, 1n which the stringer 20 is integrally molded with
the skin 19 that i1s composite materials having cured, will
be described.

[0029] As 1llustrated in FIG. 3, in this molding method,
a mold material 30 1s set up for the laminate 3 that has
pbeen shaped. The mold material 30 has two split molds 3la
and 31b that have been split from each other. The skin 19
also functions as a part of the mold material 30. That 1is,
the mold material 30 1s configured to include the two split
molds 3la and 31b, and the skin 19. The two split molds
31la and 31b are molds made by use of, for example, aluminum.

The laminate 3 that has been shaped is mounted on the skin

19 where the ply drop-off portion 6 is formed, and the two

split molds 3la and 31b are pressed thereagainst from

thereabove so as to sandwich the laminate 3 from both sides

thereotf.

[0030] Further, this mold material 30 is covered by a

bagging film 32. By the bagging film 32 covering the two
split molds 3la and 31b and a sealing material 33 being

provided between the bagging film 32 and the skin 19, the

(V

interior thereof is sealed airtightly. The interior of th

bagging film 32 that has been sealed airtightly is filled

with a resin material, heating is carried out by a heating

apparatus not 1llustrated, and thereby the resin material

thermally cures and the stringer 20 is molded.

[0031] Next, by reference to FIG. 4 and FIG. 5, the mold

material 30 will be described. FIG. 4 and FIG. 5 are side

views of FIG. 2 as viewed in the X-direction. The mold
material 30 has a first inclination molding surface 41 that

forms the first inclined surface 21 on the stringer 20 that

has cured and that is to be molded, and a second
inclination molding surface 42 that forms the second

inclined surface 22 thereon. The first inclination molding
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surface 41 reallzes molding such that an angle of

inclination of the first inclined surface 21 molded on the

stringer 20 equals the first inclination angle 01. The

second 1inclination molding surface 42 realized molding such

-
—

that an angle of inclination of the second inclined surface

22 molded on the stringer 20 equals the second inclination

angle 02 smaller than the first inclination angle 01.

[0032] A plate thickness of the stringer 20 molded by
use of this mold material 30, the plate thickness being at

an i1nclined part where the first inclined surface 21 1is

formed, is thicker than a plate thickness of an adjacent

part adjacent to the inclined part at both sides of the
inclined part. Therefore, a regions El, 1n which the

inclined part is formed, 1is a low VI region low in fiber

volume content, and a region EZ2, in which the adjacent part

1s formed, 1s a high Vf region high in fiber volume content.

The fiver volume content (Vf) i1is a fraction of carbon fiber

contained 1n the composilite materials 1.

[0033] Further, when the stringer 20 is molded by use of
this mold material 30, the stringer 20 is molded such that

a plate thickness of the stringer 20 that has cured becomes

thinner than a plate thickness of the stringer 20 that has

been shaped (that has not cured). 1In order for the plate

thickness of the stringer 20 to be reduced, excessive resin

material filled in the laminate 3 1s discharged outside.

The stringer 20 1s molded by the discharge of the resin

material outside such that an increase in the fiber volume

content ot the stringer 20 that has cured is equal to or

less than 20% of the fiber volume content of the stringer

20 that has been formed (that has not cured), and more
preferably, the stringer 20 is molded such that the

ilncrease 1s about 5% to 10% thereof.

[0034] Next, by reference to FIG. 5, operation related
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to the composite materials molding method, by which the
composlite materials 1, such as the stringer 20, are molded
by use of the above described mold material 30, willl be
described.

5 [0035] Firstly, a shaping process (Step S1), in which

P

the laminate 3 1is formed by lamination of plural carbon

fiber sheets 1n a dry state over one another, and this

laminate 3 is shaped by being bent in the X-direction and

Y-direction, 1s carried out. FIG. 5 illustrates only the

10 laminate 3 around the first inclined surface 21, which 1s a
side view of FIG. 2 as viewed 1n the X-direction, and thus
the laminate 3 1s flat in the Z-direction.

(0036] The laminate 3 that has been shaped in the

shaping process S1 is mounted on the skin 19 serving as the

15 mold material 30, and the two split molds 3la and 31lb are

mounted from thereabove (Step S2). Therefore, the laminate
3 1s deformed 1n the Z-direction by the two split molds 3la
and 31b. Thereafter, by the laminate 3 being covered,

together with the mold material 30, by the bagging film 32,
20 the interior of the mold material 30 is brought into an

alrtight state.

0037] After execution of Step S2, while the amount of

resin material filled 1n i1s adjusted, resin is filled into

the laminate 3. The resin material may be filled while the

25 1nterior of the mold material 30 is subjected to vacuum
drawlng, or may be filled while pressure is applied thereto,
and the method, by which the resin material is filled in,

1s not particularly limited. Further, with the filling of

the resin material; the mold material 30 is pressurized

30 such that the laminate 3 is sandwiched therein, and is
heated up by the heating apparatus not illustrated (molding
process: Step S3).
[0038] In the composite materials 1 that have thermally
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cured 1n the molding process S3, the first inclined surface

21 having the first inclination angle 01 is formed and the

second 1nclined surface 22 having the second inclination

angle 082 is formed, by the first inclination molding
surface 41 and the second inclination molding surface 42 of
the mold material 30 (Step S4). The composite materials 1
that have cured have the low Vf region El1 in the 1nclined
part and the high Vf region EZ in the adjacent part.

[0039] As described above, according to this embodiment,
even when the laminate 3 1s bent three-dimensionally, by
molding being carried out such that the first inclined
surface 11 or 21 and the second inclined surface 12 or 22
are formed 1n the composite materials 1 that have cured,
generation of wrinkles 1is able to be reduced. That 1s, by

the second inclination molding surface 42 of the mold

material 30 being an inclined surface that 1s more moderate

than the first inclination molding surface 41, wrinkles

according to the second inclined surface 12 or 22 are

formed. Since the wrinkles formed according to the second

inclined surface 12 or 22 are smaller than wrinkles formed

according to the first inclined surface 11 or 21,

oneration of wrinkles is able to be reduced. As the

-

g

generation of wrinkles 1s able to be reduced, restriction

=

on shape of the composite materials 1 is mitigated, and for

example, the first inclination angle 81 of the first

inclined surface 11 or 21 i1is able to be made an angle

larger than that done conventionally. Specifically, when a

conventional first inclination angle 91 is compared to the
first inclination angle 061 of this embodiment, the first

inclination angle 81 of this embodiment is able to be made

an angle that 1s about four times as large as the

conventional first inclination angle 61. Therefore,
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freedom of design of the composite materials 1 1s able to

be increased.

[0040] Further, according to this embodiment, since the

laminate 3 1s formed by use of the carbon fiber sheets 1in

the dry state, a state where interlayer slippage 1n the
laminate 3 easily occurs 1s able to be achieved. Therefore,

since a structure easily allowing displacement of the

laminate 3 that 1s bent three-dimensionally 1s able to be

g

made, generation of wrinkles 1s able to be reduced even

more.

[0041] Further, according to this embodiment, since the

fiber volume content of the 1nclined part is less than the
fiber volume content of the adjacent part that 1s a part
adjacent to the inclined part, molding is able to be
achieved with the plate thickness of the 1nclined part

P

being made thicker than the plate thickness of the adjacent

part.

(00421 Further, according to this embodiment, by
discharge of the excessive resin material filled into the
laminate 3 outside, the plate thickness of the composite
materials that have cured 1s able to be made thinner than

-

the plate thickness of the composite materials 1 that have

not cured. Therefore, by adjustment of the amount of the

resin material filled in, the first inclined surface 11 or

21 and the second 1nclined surface 12 or 22 of the

composite materials 1 are able to be molded, and thus

molding of the composite materials 1 by use of the mold

material 30 1s able to be carried out accurately.

(004 3] Further, according to this embodiment, by the
composite materilials 1 being molded such that the increase
in the fiber volume content becomes equal to or less than

20%, reduction in strength of the composite materials 1 is

able to be lessened, and the first inclined surface 11 or
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21 and the second inclined surface 12 or 22 are able to be
molded 1n the composite materials 1.

(0044 ] In this embodiment, the laminate 3 1s formed by
use of the carbon fiber sheets in the dry state, but not

being limited to carbon fiber: the fiber sheets may be

fiber sheets of another material, such as glass fiber or

aramid fiber; or a prepreg formed by impregnation of resin

into fiber sheets beforehand may be used. In this case, 1n
the molding process, preferably, more of the resin material
is filled in, and the amount of filling is adjusted by
discharge of the resin material at the time of molding.
[0045] Further, in this embodiment, the split molds 3la

and 31b are formed by use of aluminum, but metal, such as

Invar, may be used. Furthermore, the mold materilial 30 1s
not particularly limited, as long as the mold material 30
is a mold material that enables molding such that in
molding of the composite materials 1, the shape of the
composite materials 1 after the molding i1s a designed shape
that has been designed beforehand.

[0046] FFurther, i1in this embodiment, the composite
materials 1 that are the stringer 20 are molded by use of
the mold material 30, but the composite materials 1 that

.

are the spar 10 may be molded by use of a mold material 50

illustrated by a modification in FIG. 6. FIG. 6 is an

explanatory diagram related to a composite materials

molding method according to a modification of the

embodiment. The mold material 50 illustrated in FIG. 6 1is

a mold material that 1s used for the spar 10, which is the
composilite materials 1 and 1s illustrated in FIG. 1, to be
molded, and has a lower mold 51 and an upper mold 52. The
spar 10 1s pressed so as to be sandwiched between the lower
mold 51 and the upper mold 52.

[0047] The lower mold 51 1s a mold that is provided at a
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lower side of the spar 10 in a vertical direction. In the

lower mold 51, a U-shaped cross section 1s formed by a

bottom portion 5la and both side portions 51b extending

upward from both sides of the bottom portion 5la, and an

interior space that 1is able to accommodate therein the spar

10 is formed therein. In this interior space, the spar 10
that has not cured and that has been shaped with the U-

shaped cross section 1s arranged so as to overlap with the

lower mold 51. An inner surface (a surface that receives

the interior space) of the lower mold 51 is formed on the
same plane as a jolnt surface of a skin, to which the spar
10 is joined. That 1is, the first inclination molding

surface 41 that forms the first inclined surface 11 on the

spar 10 that has cured and that 1s to be molded 1s formed
on the inner surface of the lower mold 51. Accordingly, by
the lower mold 51, the first i1nclined surface 11 1s formed
on the spar 10 that has cured.

(0048] The upper mold 52 1s a mold that 1s provided at
an upper side of the spar 10 in the vertical direction.

The upper mold 52 has three split molds 52a, 52b, and 52c
that have been split. The three split molds 52a, 52b, and

gt

52c are pressed agalnst an inner side of the spar 10 that

has not cured and that has been accommodated in the
interior space of the lower mold 51. The three split molds
52a, 52b, and 52c¢ are arranged such that a cross section
thereof 1s U-shaped, by: the split mold 52c¢ being arranged
at a bottom portion of the spar 10, which 1s accommodated
in the lower mold 51 and has the U-shaped cross section;

and two of the split molds 52a and 52b being arranged to

F

extend upward from both sides of the split mold 52c¢c. The

second 1nclination molding surface 42, which forms the

second 1inclined surface 12 on the spar 10 that has cured

and that 1s to be molded, 1s formed on the upper mold 52.
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Accordingly, by the upper mold 52, the second inclined

surface 12 1s formed on the spar 10 that has cured.

[0049] Further, thilis mold material 50 1s covered by a

By the bagging film 54 covering the three
52b,

bagging film 54.

split molds 523, and 5Z2c and a sealing material 53

film 54 and the lower

The

being provided between the baggilng
mold 51, the interior thereof i1s sealed airtightly.
interior of the bagging film 54 that has been sealed
alrtightly 1s filled with a resin material, heating 1is
carried out by a heating apparatus not 1llustrated, and
thereby the resin material thermally cures and the spar 10
1s molded.

(100501

Since a molding method for the spar 10 by use of
the mold material 50 is similar to the molding method for
the stringer 20, description thereof will be omitted.
Reference Signs List

(0051 1 COMPOSITE MATERIALS

LAMINATE

}
3
5 MOUNTED MEMBER
6

PLLY DROP-OFF PORTION
10  SPAR
11 FIRST INCLINED SURFACE OF SPAR
12 SECOND INCLINED SURFACE OF SPAR
19 SKIN
20 STRINGER
21 FIRST INCLINED SURFACE OF STRINGER
22 SECOND INCLINED SURFACE OF STRINGER

30 MOLD MATERIAL
3la, 31b
32 BAGGING FILM

SPLIT MOLD

33 SEALING MATERIAL

41 FIRST

INCLINATION MOLDING SURFACE

42 SECOND INCLINATION MOLDING SURFACE

A
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MOLD MATERIAL

LOWER MOL;

D

BOTTOM PORTION
BOTH SIDE PORTIONS

UPPER MOLD

52b, bZ2c

SPLIT MOLD

SEALING MATERIAL

N

LOW VI R]

L)

1

HIGH VI R

BAGGING FILM

GION
EGION

Docket No. PMHA-17089-PCT: FINAL
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CLAIMS
1. A method of molding composite materials to be jolned
to a skin having a panel shape inclined at a first
inclination angle with respect to an XZ plane from a Z-axis
1n a Y-direction in a three-dimensional orthogonal
coordinate system, the method cﬁmprising:

a shaping process of shaping a laminate having fiber
sheets laminated over one another, by bending the lamlnate
in an X-direction and the Y-direction such that a cross
sectional shape of the laminate becomes the same along a Z-
direction; and

a molding process of: mounting the laminate that has
pbeen shaped, onto a mold material having a change 1n shape
from the Z-axis in the Y-directlon; impregnating a resin
material into the laminate while adjusting an amount of the

resin material filled therein; and molding the composite

materials that have cured into a shape having a first

inclined surface inclined at the first 1nclination angle

wlth respect to the X7 plane from the Z-axlis 1n the Y-
direction, such that the composite materials that have

cured have a shape complementary to the panel shape of the

skin, whereiln

the mold material has a first inclination molding

surface that molds the first i1nclined surface and serves as

a joint surface to the skin, and a second inclination

molding surface that molds a surface of the composite

materials, the surface being opposite to the first inclined

surface, i1nto a second inclined surface having a second

inclination angle smaller than the first inclination angle.

2. The method of molding the composite materials,

according to claim 1, wherein the fiber sheets are in a dry

state.
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3. The method of molding the composite materials,
according to claim 1 or 2, whereln i1n the molding process,

a fiber volume content of an inclined part that i1s a part

where the first inclined surface 1is formed 1s smaller than
a fiber volume content of an adjacent part that is a part

adjacent to the inclined part.

4 The method of molding the composite materials,
according to any one of claims 1 to 3, wherein i1n the
molding process, the composite materials are molded, such

F

that a plate thickness of the composlite materials that have

cured becomes thinner than a plate thickness of the

composite materlals that have not cured.

5. The method of molding the composite materials,
according to claim 4, wherein 1n the molding process, the

composite materials are molded, such that an increase 1in

fiber volume content of the composite materials that have
cured 1s equal to or less than 20% of a fiber volume

content of the composite materials that have not cured.

0. Composite materials that change in shape i1n an X-
direction, a Y-direction, and a Z-direction, 1n a three-
dimensional orthogonal coordinate system, and that have a

shape having:

a first inclined surface that is inclined at a first

lnclination angle with respect to a reference plane; and

a second 1nclined surface that is a surface opposite

to the first inclined surface and that has a second

inclination angle smaller than the first inclination angle.

7. The composite materials according to claim 6, wherein

a fiber volume content of an inclined part that is a part
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where the first i1inclined surface 1s formed 1s smaller than

a fiber volume content of an adjacent part that 1s a part

adjacent to the 1nclined part.
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