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A composite material structure 1Is composed of a first face plate and a corrugated core bonded to the first face plate. The

corrugated core has at least one opening.
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ABSTRACT
A composite material structure 1is composed of
a first face plate and a corrugated core bonded to the

first face plate. The corrugated core has at least

5 one opening.
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COMPOSITE MATERIAL STRUCTURE

Technical Field
(00011}

The present invention relates to a composite

material structure.

Background Art
[0002]

A composite material structure that is a

structure formed of a composite material which 1is
composed of a fiber (e.g. a carbon fiber and a glass
fiber) and a resin (e.g. epoxy resin and phenol
resin), 1s applied to wvarious 1i1ndustrial products
including an aircraft. The composite material
structure has features of light weight and high
stiffness, and has merits of reduction of the number
of parts and the number of assembling steps though
integral shaping. In recent years, the application
fields are greatly increasing.

[0003]

When 1t 1s required as 1n the aircraft

structure that a structure can withstand both of a

shear force and an axial force, a part (e.g. an outer
skin) which deals with the shear force and a part
(e.g. a stringer) which deals with the axial force are
separately manufactured 1n a technigue, so that they

are combined 1n a post process. For example, such a

technigque 1s disclosed 1n Patent Literature 1 (US
Patent ©,702,911). However, as the result of
consideration by the inventor, the merits of the
composite material structure such as reduction of the
number of parts and the number of assembling steps are
utilized sufficiently 1in the structure disclesed in

Patent Literature 1.
[0004]
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Note that as the techniques related to the present
invention, Patent Literature 2 (US Patent No. 5,469, 686)

discloses a composite structure truss element which contains

first layer, a plurality of tubular members arranged on the

"

first layer, and a second layer disposed on the plurality of
tubular members, which are integrally shaped as a unitary

structure.

1 0005]

Also, Patent Literature 3 (US Patent No. 7,625,618)

discloses a composite material structure which is composed of

two skins and a plurality of tubular members with a

substantially rectangular sectional shape (hat sections)

between the two skins.

[0006]

Moreover, Patent Literature 4 (US 2013/0020438A1)

o

discloses a composite material frame composed of a vluralitv o:
Y

truss elements and a cap. The truss elements are flexibly

combined each other and are combined with the cap. The frame

pends along a desired surface to be combined and provides a

necessary stiffness when it is once combined with the surface.

Citation List

[0007]

[Patent Literature 1] US Patent No. 6,702,911

|Patent Literature 2] US Patent No. 5,469,686

| Patent Literature 3] US Patent No. 7,625,618
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Patent Literature 4] US 2013/0020438A1

Summary of the Invention

10008 ]

An aspect of the present disclosure is directed to

-

the provision of a composite material structure in which the

F

number of parts 1s reduced while having enough stiffness.

[0008a]

F

According to an aspect of the present invention,

there 1s provided a composite material structure comprising: a

first face plate formed of a composite material; a second face

plate formed of a composite material and disposed to be

opposite to the first face plate; and a corrugated core formed

P

of a composite material and bonded to the first face plate and

the second face plate, wherein the corrugated core has at least

one openiling, wherein the corrugated core comprises: a first

ponding section bonded to the first face plate and configured

Lo extend 1n a first direction along the first face place; a

second bonding section bonded to the second face plate and

configured to extend in the first direction; and a coupling

section connected between the first bonding section and the

second bonding section and configured to extend in the first

direction, wherein the corrugated core is configured such that

a first space surrounded by the second bonding section, the

coupling section and the first face plate extends in the first

direction and a second space surrounded by the first bonding

section, the coupling section and the second face plate extends

in the first direction, wherein the first space and the second
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space are alternately arranged in a second direction along the
first direction,

from the :

"erent

first face plate which is dif:
and wherein the at least one opening is disposed in the

coupling section.

[0009]
a composite

- the present invention,
face plate and a

The corrugated

In one aspect o:

first

material structure is composed of a
first face plate.

corrugated core bonded to the
St one opening.

core has at les

10 [0010]
the composite material

1n one embodiment,
face plate opposite

Moreover,
- a second

structure 1s further composed o:
race plate and the corrugated core is bonded

face plate.

to the first

between the first face plate and the second

V)

15 [0011]
In some embodiments, preferably, a plurality of
"ormed 1n the corrugated core so that a truss

openings 1S
formed 1n the corrugated core.

structure 1S

'

[0012]
the corrugated core is composed o:

face plate and
first face

In one embodiment,

ed to the first

20

a first bonding section bonc
configured to extend in a first direction along the

plate; a second bonding section bonded to the second face plate

and configured to extend in the first direction; and a coupling
section connected between the first bonding section and the

25
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and configured to extend in the first

direction. 1In this case, the corrugated core is configured

such that a first space surrounded by the second bonding

section, the coupling section and the first face plate extends

5 1n the first direction

first bonding section,

and a second space surrounded by the

the coupling section and the second face

plate extends in the first direction. Also, the first space

and the second space me

10 the first direction.

y be alternately arranged along the

first face plate in a second direction which is different from
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In this case, the at least one opening 1s disposed 1n
the coupling section. Also, in one embodiment, the
first bonding section, the second bonding section, and
the coupling section may be repetitively arranged 1n
the corrugated core so as to form a periodic structure
in the second direction. Note that the shape of the
corrugated core, i.e. the shapes of the first bonding
section, the second bonding section and the coupling

section are not always limited to have the periodic

N

structure i1n the second direction. The structure o:
the corrugated core may depend on a position 1n the

composite material structure.

[0013]

In this case, the corrugated core 1is composed
of a plurality of the openings arranged 1n the second

direction and the corrugated core may be composed of:

a first base section bonded to the first bonding

section and configured to extend in the first

direction; a second base section bonded to the second

bonding section and configured to extend in the first
direction; a first diagonal column section configured
to extend diagonally to the first direction to connect
the first base section and the second base section;
and a second diagonal column section configured to
extend diagonally to the first direction to connect
the first base section and the second base section.
Here, a position where the first diagonal column
section is connected to the second base section 1s
shifted in the first direction from a position where
the first diagonal column section 1s connected to the

first base section, and a position where the second

diagonal column section is connected to the first base

section 1s shifted in the first direction from a
position where the second diagonal column section 1s
connected to the second base section.

[CO014)
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Also, 1n another embodiment, the at least one opening

may have a circular shape or an oval shape.

[0015]

Also, when the concerned composite material structure

5> 1s composed of the first face plate and the second face plate,

the composite material structure may be used as a liguid tank

to hold liquid between the first face plate and the second face

plate.

(0016]

10 According to some embodiments, the composite material

F

structure can be provided in which the number of parts can be

g
p—

reduced, while having enough stiffness.

Brief Description of the Drawings

FIG. 1 1s a perspective view showing a configuration

of a composite material structure according to a first

embodiment of the present invention.

[FIG. 2]

I

20 FIG. 2 1s a side view showing the configuration of

the composite material structure in the first embodiment.
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3]

FIG. 3 1s a perspective view showing a modification

example of the composite material structure in the first

embodiment.

o [FIG.

the composite material structure in the modification example of

FI1G.

4 ]

P

FIG. 4 1s a side view showing the configuration o:

n

3.

[FIG. 5]

10

FIG. 5 1s a perspective view showing the

configuration of the composite material structure
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according to a second embodiment of the present

invention.

[FIG. ©]

FIG. 6 is a side view showling the
configuration of the composite material structure 1n
the second embodiment.

[FIG. 7]

FIG. 7 is a perspective view showling a

modification example of the composite material
structure in the second embodiment.

[FIG. 8]

FIG. 8 is a side view showing the

configuration of the composite material structure of
the modification example of FIG. 7.

[FIG. SA]

FIG. 8A is a side view showing an example of
a corrugated core structure which 1s sultable to
transfer a shear load efficlently.
[FIG. SB]

FIG. 9B is a side view showlng another

example of the corrugated core structure which 1s
suitable to transfer the shear load efficiently.
[FIG. 9C]

FIG. 8C is a side view showing still another

example of the corrugated core structure which 1s
suitable to transfer the shear load efficiently.
[FIG. SD]

FIG. 9D is a side view showing further still

another example of the corrugated core structure which

is suitable to transfer the shear load efficiently.

[FIG. 10A]

FIG. 10A is a side view showing an example of
the corrugated core structure which 1s suiltable to
transfer a load in a plate thickness direction

efficiently.
[FIG. 10B]
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FIG. 10B is a side view showing another

example of the corrugated core structure which is

sultable to transfer the load 1n the plate thickness

direction efficiently.
[FIG. 10C]

FIG. 10C is a side view showing still another
example of the corrugated core structure which 1is
sultable to transfer the load 1n the plate thickness
direction efficiently.

[FIG. 11]

FIG. 11 1s a side view showing an example of
the corrugated core structure which i1s suitable to
transfer a load in an axial direction efficiently.
[FIG. 12]

FIG. 12 1s a conceptual diagram showling an
example of a method of manufacturing the composite
material structure of the first embodiment.

(FIG. 13]
FIG. 13 1s a conceptual diagram showing

another example ¢f the method of manufacturing the

composite material structure of the first embodiment.

[FIG. 14]
FIG. 14 1s a conceptual diagram showing still

another example of the method of manufacturing the

composite material structure of the first embodiment.

Description of the Embodiments
{0018]

In embodiments of the present invention, a

corrugated structure that 1s composed of face plates
and a corrugated core 1s adopted as a composite
materlal structure. By adopting the corrugated
structure, 1t becomes possible to accomplish a
structure having a high strength with the smaller
number of parts and to utilize advantages of the

composite material structure effectively.



10

15

20

23

30

33

CA 02938645 2016-08-03

[0019]
On the other hand, when the corrugated

structure is adopted as the composite material

structure, shapability in a manufacturing process 1s
degraded because the stiffness is excessively high.
The degradation of shapability occasionally causes a

problem when the composite material structure 18

applied to a complicated curved surface lilke an outer

surface of an aircraft and so on.

[0020]
To cope with the problem of the degradation

of shapability, a corrugated core provided with at

least one opening is used in embodiments to be

described below. By providing the opening for the
corrugated core, the stiffness can be adequately
adjusted and the problem of the degradation of
shapability can be coped with. Hereinafter, the

embodiments of the present invention will be described

in detail.
[0021]

FIG. 1 is a perspective view showing a
composite material structure 10 according to the first
embodiment of the present invention. FIG. 2 1s a side
view showing the composite material structure 10. In
the following description, the XYZ rectangular

coordinates system is sometimes used. That 1s, 1n the

following description, the X axial direction, the Y
axial direction, and the Z axial direction are
orthogonal to each other.

[0022]

As shown in FIG. 1, the composite material
structure 10 is composed of face plates 1 and 2 and a
corrugated core 3. Each of the face plates 1 and 2
and the corrugated core 3 is composed of a composite

material (that 1is, a material in which a fiber (e.g. a

carbon fiber and a glass fiber) and a resin (e.g.
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epoxy and phenol) are combined). The face plates 1
and 2 are disposed to oppose to each other, and the
corrugated core 3 is bonded to the face plates 1 and 2
between them. That is, the face plate 1 is bonded to
one main surface of the corrugated core 3 and the face
plate 2 is bonded to the other main surface of the
corrugated core 3 which is opposite to the one main
surface. Note that the word of “bonding” in this
embodiment includes a meaning of bonding members
formed separately, by an adhesive material or other
techniques, and a meaning of integrally shaping the

members formed separately as a single structure.

[0023]

In detail, as shown in FIG. 2, the corrugated
core 3 has a bonding section 11 bonded to the face
plate 1, a bonding section 12 bonded to the face plate
2, and a coupling section 13 connecting the bonding
sections 11 and 12. In the composite material
structure 10 of FIG. 2, the coupling section 13 1s

coupled to the bonding sections 11 and 12 to be

obligue to inner surfaces la and 2a of the face plates

1 and 2. But, the coupling section 13 may be coupled
to the bonding sections 11 and 12 to be orthogonal to

the inner surfaces la and 2a of the face plates 1 and
2. All of the bonding sections 11 and 12 and the

coupling section 13 are disposed to extend 1in the Y
axial direction (a first direction along the face
plates 1 and 2). The bonding sections 11 and 12 and
the coupling section 13 are all arranged repetitively
in the X axial direction (in a second direction along
the face plates 1 and 2 and different from the first
direction). A space 14 surrounded by the bonding
section 12 of the corrugated core 3, the coupling
sections 13, and the inner surface la of the face
plate 1, and a space 15 surrounded by the bonding

section 11 of the corrugated core 3, the coupling
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sections 13, and the inner surface 2Z2a of the face
plate 2 are formed inside the composite materilal
structure 10. As shown in FIG. 1, the corrugated core
3 has the structure in which the spaces 14 and 15
extend in the Y axial direction, and are alternately
arranged in the X axilial direction. Such a structure
makes 1t possible to realize an extremely strong
structure with the small number of parts and to

utilize the advantage of the composite material

structure effectively.

[0024]

In one embodiment, the bonding sections 11
and 12 and the coupling section 13 are repeatedly
arranged such that a periodic structure 1n the X axial
direction is formed in the corrugated core 3. Note
that the shape of the corrugated core 3, 1.e. the
shape of the bonding sections 11 and 12 and the
coupling section 13 is not always limited to the
periodic structure in the X axial direction, and the
structure of the corrugated core 3 may depend on the
position of the composite material structure 10.
[0025]

Referring to FIG. 1 again, a plurality of
openings 4 are provided in the corrugated core 3. The

plurality of openings 4 are arranged 1in the Y axial

direction in each of the coupling sections 13. In the

present embodiment, because the openings 4 are

provided for the corrugated core 3, the stiffness of
the composite material structure 10 can be properly
controlled and adjusted. This 1s useful to improve
shapability in the manufacturing process.
[0026]

The composite material structure 10 of the
present embodiment in which the openings 4 are formed
in the corrugated core 3, has various additional

advantages. First, the composite material structure
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10 of the present embodiment has the advantage that 1t
is possible to freely set the strength and stiffness
of the composite material structure 10, by adjusting
the thicknesses of the composite materials of the face
plates 1 and 2, and the corrugated core 3, and a
stacking method of fiber layers (angle in stacking),
and by designing the shape of opening 4 appropriately.
Moreover, the formation of the openings 4 1n the
corrugated core 3 realizes the reduction of the load
of the composite material structure 10. 1In addition,
in the composite material structure 10 of the present

embodiment, access to various positions of the

composite material structure 10 is possible through
the openings 4. Thus, it is possible to lmprove the
inspection easiness of various portions of the
composite material structure 10.

10027]

Moreover, in the structure in which the
openings 4 are formed in the corrugated core 3, when a
ligquid is stored or saved inside the composite
material structure 10 (i.e. in the space between the

face plates 1 and 2), it is possible for liguid to

flow through the openings 4. Utilizing such a
characteristic, the composite material structure 10 of
the present embodiment may be used as a liquid tank
that stores liguid such as fuel in the space between

the face plates 1 and 2, e.g. a fuel tank.
[0028]

In the structure of FIG. 1, the openings 4
are formed in the corrugated core 3 to have a truss
structure. Such a structure is effective to transfer
the shear load efficiently and to counter the shear

load in the composite material structure 10. Here,

the shape of openings 4 can be changed variously
according to the purpose. The ideal shape of openings

4 will be discussed later i1in detail.



10

15

20

25

30

35

CA 02938645 2016-08-03

[0029]
Note that the structure 1 i1in which the

composite material structure 10 having the flat face
plates 1 and 2, that i1s, the structure in which the
outer surfaces 1lb and 2b of the face plates 1 and 2

are flat 1s shown in FIG. 1 and FIG. 2. However, as

shown 1n FIG. 3 and FIG. 4, the outer surfaces 1b and
2b of the face plates 1 and 2 may be curved surfaces.
As described above, because the openings 4 are
provided to the corrugated core 3 to improve the
shapability, the composite material structure 10 of
the present embodiment i1s suitable especially in case
that the outer surfaces 1lb and 2b of the face plates 1
and 2 have complicated curved surfaces.

[0030]

Also, the structure in which the openings 4
are provided only to the coupling section 13 of the
corrugated core 3 (that is, the structure in which the
openings 4 are provided only to a portion of the
corrugated core 3 away from the face plate 1) is shown
in FIG. 1 and FIG. 2. However, note that the openings
4 may be provided to optional positions of the
corrugated core 3 (containing the bonding sections 11
and 12).

(0031]

FIG. 5 and FIG. 6 are diagrams showing the
composilite material structure of a second embodiment.
In detail, FIG. 5 is a perspective view showing the
composite material structure 10A of the second
embodiment. FIG. 6 1s a side view showing the
composite material structure 10A. As shown in FIG. 5
and FIG. 6, the composite material structure 10A has
the structure in which the face plate 2 is removed

from the composite material structure 10 of FIG. 1 and

FIG. 2. In this case, the bonding section 12 of the

corrugated core 3 1s not bonded to the face plate 2
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and functions as a portion for coupling a neighbor
coupling section 13. The space 14 surrounded by the
bonding section 12 of the corrugated core 3, the
coupling section 13 and the inner surface la of the
face plate 1 is formed inside the composite material
structure 10A. The space 14 extends in the Y axial
direction. The openings 4 are provided to the

corrugated core 3. The composite materlal structure

10A shown in FIG. 5 and FIG. 6 has strength lower than
in the composite material structure 10 shown in FIG. 1
and FIG. 2, but has the same effect in that a high-
strength structure is realized with the small number
of parts and the advantage of the composite material

structure can be utilized effectively.

[0032]

Note that the structure in which the openings

4 are provided only to the coupling section 13 1s

shown in FIG. 5 and FIG. 6, but the openings 4 may be
provided on optional positions of the corrugated core
3 (containing the bonding sections 11 and 12).

(0033]

Also, FIG. 5 and FIG. 6 show the structure
when the outer surface 1lb of the face plate 1 (the

surface which is opposite to the corrugated core 3) 1s

a flat surface, but the outer surface 1lb of the face
plate 1 may be a curved surface, as shown in FIG. 7

and FIG. 8.
[0034]

Next, the structure sulitable for the
corrugated core 3 of the composite material structure
10 or 10A of the above-mentioned embodiment, that 1is,
the desirable shape of openings 4 provided to the
corrugated core 3 will be described. As being argued
below, it is desirable to design the shape of openings

4 in consideration of the strength and stiffness

required for the composite material structure 10 or
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[0035]
FIG. 92 to FIG. 9D are side views showlng the

structure of the corrugated core 3 suitable to

transfer a shear load efficiently in the composite

N

material structure 10 or 10A (that 1s, the shape o:
the openings 4 provided for the corrugated core 3).
Note that FIG. 9A to FIG. 8D show the structure when
the coupling section 13 of the corrugated core 3 1is

—
e

viewed in the direction of the arrow A of FIG. 2. In

FIG. 9A to FIG. 9D, the shape of openings 4 1s shown
when viewing in a direction orthogonal to not the 2
axial direction but the Y axial direction and in a 2’
axial direction which 1s a direction along the

coupling section 13. Note that the upper and lower

direction in FIG. SA to FIG. 9D is the Z' axial

direction.

10036]

In order to efficiently transfer the shear
load, it is desirable that a truss structure is formed
in the coupling section 13 (the structure having an
aggregate of fundamental units, each of which has a
triangular shape). FIG. SA shows an example of the
coupling section 13 in which the truss structure has
been formed. The openings 4 are arranged 1n the Y

axial direction in the coupling section 13 of the

corrugated core 3 in the structure of FIG. S8A. Each

of the openings 4 other than the openings 4 1in the
both ends is formed as an almost isosceles triangular
shape in which each corner is rounded. Each of the
openings 4 in the both ends is formed by a right
triangular shape in which each corner 1s rounded. Of
the openings 4 other than the openings 4 in the both
ends, the opening 4 having a side 17 opposite to the
bonding section 11 and the opening 4 having a side 18

opposite to the bonding section 12 are alternately
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arranged on a line.
[0037]

By providing the openings 4 having such a
shape, base sections 21 and 22, diagonal column
sections 23 and 24, and column sections 25 are formed
in the coupling section 13. The base section 21 1s
connected to the bonding section 11 and 1s disposed to
extend in the Y axial direction along the bonding
section 11. Also, the base section 22 1s connected to
the bonding section 12 and is disposed to extend 1in
the Y axial direction along the bonding section 1Z.

As mentioned above, the bonding section 11 1s a
portion that bonded to the face plate 1, and the

bonding section 12 is a portion that is bonded to the

face plate 2 (when the face plate 2 1s disposed).
[0038]

The diagonal column sections 23 and 24 are
connected to the base sections 21 and 22 by extending
diagonally to the base sections 21 and 22 (1.e.
diagonally to the Y axial direction). 1In this case,
the diagonal column section 23 1is connected to the
base sections 21 and 22 such that the position 1n the
Y axial direction of the end of the section 23
connected to the base section 22 is shifted 1n the +Y
axial direction from the position of the end of the
section 23 connected to the base section 21. The
diagonal column section 24 is connected to the base

sections 21 and 22 such that the position in the Y

axial direction of the end of the section 24 connected
to the base section 21 is shifted in the +Y axial
direction from the position of the end of the section
24 connected to the base section 22. Also, the column
sections 25 extend perpendicularly from the Dbase
sections 21 and 22 to the base sections 22 and 21 to

connect the base sections 21 and 22.

[0039]
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In the structure of the above-mentilioned
coupling section 13, the diagonal column sections 23
and 24 are disposed to extend dlagonally to the base
sections 21 and 22 to connect the base sectilions 21 and
22. As a result, the shear load can be transferred
efficiently in the composite material structure 10 or

10A. The structure of such a coupling section 13 1s

effective to receive the shear load which acts on the

composite material structure 10 or 10A while reducing

the weight of the composite material structure 10 or

10A.
[0040]

FIG. 9B 1s a side view showing another

example of the structure of the coupling section 13 of
the corrugated core 3 to transfer the shear load

efficiently inside the composite material structure 10

or 10A. The openings 4 are arranged on the coupling

section 13 in the Y axial direction 1n the structure

)

FIG. 9B, too. However, in the structure of FIG.

O:
9B, each of of the openings 4 other than the openings

on the both ends of the coupling section 13 1s formed

as a right angle trapezoidal shape 1n which the corner

is rounded. Each of the openings on the both ends cof
the coupling section 13 is formed as a right
triangular shape in which the corner is rounded.

Here, in the openings 4 other than the openings on the
both ends of the coupling section 13, there are one
type of opening 4 in which the length of a side 17
opposite to the bonding section 11 in the Y axial
direction is longer than the length of a side 18
opposite to the bonding section 12 in the Y axial
direction, and another type of opening 4 in which the
length of the side 17 opposite to the bonding section
11 in the Y axial direction is shorter than the length
of the side 18 opposite to the bonding section 12 1n

the Y axial direction. These openings 4 are
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alternately arranged.
[0041]

By forming the openings 4 of such a shape,
the base sections 21 and 22, the diagonal column
sections 23 and 24 and the column sections 25 and 26
are formed in the coupling section 13. The base
section 21 1s connected to the bonding section 11 and
is disposed to extend 1n the Y axial direction along
the bonding section 11. Also, the base section 22 is
connected to the bonding section 12 and 1s disposed to
extend 1in the Y axial directlon along the bonding
section 12.

[0042]

The diagonal column section 23 and 24 extend
diagonally to the base sections 21 and 22 (i.e.
diagonally to the Y axial direction) to connect the
base sections 21 and 22. The diagonal column section
23 1s connected to the base sections 21 and 22 such
that the position 1n the Y axial direction of the end
of the section 23 connected to the base section 21 1is

shifted in the +Y axial direction from the position in

the Y axial direction of the end of the section 23
connected to the base section 22, and the diagonal
column section 24 1s connected to the base sections 21

and 22 such that the position in the Y axial direction

of the end of the section 24 connected to the base
section 21 is shifted in the +Y axial direction from
the position in the Y axial direction of the end of
the section 24 connected to the base section 22. The
column section 25 1s disposed to extend
perpendicularly from the ends of the base sections 21
and 22 to the base section 22 and 21 to connect the
base sectlons 21 and 22. Also, the column section 26
1s disposed between the neighbor diagonal column
sectlions 23 and 24, to extend perpendicularly from the

ends of the base sections 21 and 22 to the base
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section 22 and 21 to connect the base sections 21 and

22 .
[004 3]

In the structure of the above-mentilioned
coupling section 13, because the diagonal column
sections 23 and 24 extend diagonally to the base
sections 21 and 22 to connect the base sections 21 and
22, the shear load can be efficiently transferred

inside the composite material structure 10 or 10A.

The structure of such a coupling section 13 1s
effective to support the shear load which acts on the
composite material structure 10 or 10A while reducing

the weight of the composite material structure 10 or

10A. Also, in the structure shown in FIG. 9B, because
the column sections 26 extend perpendicularly to the

base sections 21 and 22 to connect the base sections

21 and 22, Improving about the strength to the load in
the board thickness direction (the lcad which acts in
the direction of the board thickness {(i1n the Z2 axial

direction)) .

(0044]

FIG. 9C is a side view showing a still

another example of the structure of the coupling

section 13 of the corrugated core 3 to transfer a

shear load efficiently inside the composite material

structure 10 or 10A. In the structure of FIG. 8C, the
cpenings 4 are arranged in the Y axial direction 1in

the coupling section 13. Thus, the truss structure 1is

formed in the coupling section 13. However, 1in the

structure of FIG. 8C, each opening 4 1s formed to have

a right triangular shape in which each of corners 1is

rounded.
[0045]

By providing the openings 4 of such a shape,
the base sections 21 and 22, the diagonal column

sections 23 and 24 and the column sections 25, 26 are
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formed in the coupling section 13. The base sectilon
21 is connected to the bonding section 11 and 1s
disposed to extend in the Y axial direction along the
bonding section 11. Also, the base sectilion 22 1s
connected to the bonding section 12 and 1is disposed to

extend in the Y axial direction along the bonding

section 12.

[0046]

The diagonal column sections 23 and 24 extend
diagonally to the base sections 21 and 22 (1i.e.
diagonally in the Y axial direction) to connect the
base sections 21 and 22. The diagonal column section
273 is connected to the base sections 21 and 22 such
that the position in the Y axial direction of the end
of the section 23 connected to the base section 22 1s
shifted in the +Y direction from the position of the
end of the section 23 connected to the base sectlon
21. The diagonal column section 24 is connected to

the base sections 21 and 22 so that the position 1n

the Y axial direction of the end of the section 24
connected to the base section 21 is shifted in the +Y
direction from the position of the end of the section
24 connected to the base section 22. The diagonal

column sections 23 and 24 are disposed to contact each

other in the structure of FIG. 9C, while the diagonal

column sections 23 and 24 are separated from each

other in the structure shown in FIG. S9B. The column
section 25 extends perpendicularly from the ends of
the base sections 21 and 22 to the base sections 21
and 22 to connect the base sections 21 and 22. Also,
ceach column section 26 is disposed to be connected to
a contact portion of the diagonal column section 23
and 24 at its one end and to be connected to the base
section 21 or 22 at its other end. The column section
26 extends perpendicularly to the base sections 21 and

272 to connect the base sections 21 and 22.
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[0047/]

In the structure of the above-mentioned
coupling section 13, because the diagonal column
section 23 and 24 extend diagonally to the base
sections 21 and 22 to connect the base sections 21 and
22, the shear load can be efficiently transferred
inside the composite material structure 10 or 10A.
The structure of such a coupling section 13 1s
effective to support the shear load which acts on the
composite material structure 10 or 10A while reducing
the weight of the composite material structure 10 or
10A. Also, in the structure of FIG. 8C, because the
column section 26 is disposed to extend
perpendicularly to the base sections 21 and 22 to
connect the base sections 21 and 22, the strength to
the load in a board thickness direction (the load

which acts in the board thickness direction (the Z

axial direction)).

[0048]

FIG. SD is a side view showing a further

another example of the structure of the coupling
section 13 of the corrugated core 3 to efficiently
transfer a shear load inside the composite material

structure 10 or 10A. The openings 4 are arranged 1n

the Y axial directicon in the coupling section 13 1n

the structure of FIG. SD. However, 1n the structure

of FIG. 98D, the openings 4a to 4d of four kinds are
provided in the coupling section 13, and thus, the

truss structure is formed in the coupling section 13.
In detail, the opening 4a has a diamond shape in which
each corner is rounded. The opening 4b has an
isosceles triangular shape in which each corner 1is
rounded and has a side 17 opposite to the bonding
section 11. On the other hand, the opening 4c has an
isosceles triangular shape in which each corner 1s

rounded and has a side 18 opposite to the bonding
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section 12. A pair of openings 4b and 4c 1s arranged
in a direction orthogonal to the Y axial direction.
The opening 4d has an isosceles triangular shape 1n
which each corner is rounded and 1s arranged on either
end of the row of openings 4.

(004 9]

By providing the openings 4 of such a shape,
the base sections 21 and 22, the diagonal column
sections 23 and 24 and the column sections 25 are
formed in the coupling section 13. The base section
21 1is éonnected to the bonding section 11 and 1s
disposed to extend in the Y axial direction along the
bonding section 11. Also, the base section 22 1is
connected to the bonding section 12 and is’disposed to

extend in the Y axial direction along the bonding

section 12.
0050 ]

The diagonal column section 23 and 24 extend
diagonally to the base sections 21 and 22 (1i.e.
diagonally in the Y axial direction) to connect the
base sections 21 and 22. The diagonal column section
23 1s connected to the base sections 21 and 22 so that
the position in the Y axial direction of the end of
the section 23 connecting to the base section 22 1s
shifted in the +Y direction from the end of the
section 23 connected to the base section 21. The
diagonal column section 24 1s connected to the base

sections 21 and 22 so that the position in the Y axial

direction of the end of the section 24 connected to

the base section 21 is shifted in the +Y direction

from the position of the end of the section 24

connecting to the base section 22. In the structure

of FIG. 8D, the diagonal column sections 23 and 24 are
provided to intersect each other and the diagonal

column sections 23 and 24 are coupled at the center.

The column sections 25 extend perpendicularly to the
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base sections 21 and 22 from the ends of the base
sections 21 and 22 to connect the base sections 21 and
22 .

[0051]

In the structure of the coupling section 13
shown in FIG. 9D, because the diagonal column sections
23 and 24 extend diagonally to the base sections 21

and 22 to connect the base sections 21 and 22, the

shear load can be efficiently transferred inside the
composite material structure 10 or 10A. The structure
of such a coupling section 13 is effective to support

the shear load which acts on the composite material

-

structure 10 or 10A while reducing the weight of the

composite material structure 10 or 10A.

[0052]

FIG. 10A to FIG. 10C are side views showiling
the structure of the corrugated core 3 (that 1is, a

shape of the openings 4 provided to the corrugated

core 3) suitable for efficiently transferring a board

thickness direction load (i.e. the load which acts 1in
the board thickness direction (the Z axial direction))

inside the composite material structure 10 or 10A.

Note that FIG. 10A to FIG. 10C show the structure when

the coupling section 13 of the corrugated core 3 1s
viewed to the direction of the arrow A 1n FIG. 2. 1In
FIG. 10A to FIG. 10C, not the Z axial direction but

the Z' axial direction (a direction perpendilicular to
the Y axial direction along coupling section 13) 1is
shown. Note that the upper and lower direction 1in the
FIG. 10A to FIG. 10C is the Z' axial direction.
[0053]

FIG. 10A is a side view showing an example of

the structure of the coupling section 13 o0of the

corrugated core 3 to efficiently transfer a shear load
inside the composite material structure 10 or 10A.

Rectangular openings 4 are arranged 1n the Y axial
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direction in the coupling section 13 1n the structure
of the FIG. 10A. The base sections 21 and 22 and the
column sections 25 and 26 are formed in the coupling
section 13 because of the openings 4 of such a shape.
The base section 21 is connected to the bonding
section 11 and is disposed to extend in the. Y axial
direction along the bonding section 11. Also, the
base section 22 1s connected to the bonding section 12

and is disposed to extend in the Y axial direction

‘along the bonding section 12. The column sections 25

and 26 extend perpendicularly to the base sections 21
and 22 to connect the base sections 21 and 22. Here,
the column section 25 is connecting to the ends of the

base sections 21 and 22 and the column section 26 1s

connected to the base sections 21 and 22 at a middle

position of the base sections 21 and 22Z.
(0054}

In the structure of FIG. 10A, because the
column sections 25 and 26 are disposed to extend
perpendicularly to the base sections 21 and 22 to
connect the base sections 21 and 22, the load i1n the
board thickness direction can be efficiently
transferred inside the composite material structure 10
or 10A. The structure of such a coupling section 13
is effective to support the lcocad 1n the board
thickness direction which acts on the composite
material structure 10 or 10A while reducing the weight
of the composite material structure 10 or 10A.

[0055]

FIG. 10B is a side view showing another
example of the structure of the coupling section 13 of
the corrugated core 3 to efficiently transfer a shear

load inside the composite material structure 10 or

10A. In the structure of FIG. 10B, the circular

openings 4 are arranged in the Y axial directilion 1n

the coupling section 13. By providing the openings 4




10

15

20

23

30

35

CA 02938645 2016-08-03

- 24 -

of such a shape, the base sections 21 and 22 and the
column sections 27 are formed 1n the coupling section
13. The base section 21 1s connected to the bonding
section 11 and is disposed to extend 1in the Y axial
direction along the bonding section 1l. Also, the
base section 22 is connected to the bonding section 12
and 1s disposed to extend in the Y axial direction
along the bonding section 12. The column section 27
extends perpendicularly to the base sections 21 and 22

to connect the base sections 21 and 22.
(0056}

In the structure of FIG. 10B, because the

column section 27‘extends perpendicularly to the base
sections 21 and 22 to connect the base sections 21 and
22, the load in the board thickness direction can be
efficiently transferred 1nside the composite material
structure 10 or 10A. The structure of such a coupling
section 13 is effective to support the load 1n the
board thickness direction that acts on the composite
material structure 10 or 10A while reducing the weight
of the composite material structure 10 or 10A. Also,
in the structure of FIG. 10B, 4 because the opening 4
is circular, it is difficult for the stress to center

in the neighborhood of the opening so that the

strength of the composite material structure 10 or 10A

can be 1mproved.

[0057]

FIG. 10C 1s a side view showing still another

example of the structure of the coupling section 13 of
the corrugated core 3 to efficiently transfer a shear

load inside the composite material structure 10 or

10A. In the structure of FIG. 10C, the openings 4
having an oval shape long in a direction orthogonal to
the Y axial direction are arranged 1n the Y axial
direction of the coupling section 13. The term of

"oval" in this Specification i1s used 1n the meaning
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that contains both of an ellipse and a shape 1n which
+wo semicircles are combined by two parallel lines.

By providing the openings 4 of such a shape, the base
sections 21 and 22 and column sections 27 are formed
in the coupling section 13. The base section 21 1s
connected to the bonding section 11 and is disposed to
extend in the Y axial direction along the bonding
section 11. Also, the base section 22 is connected to
the bonding section 12 and is disposed to extend 1in
the Y axial direction along the bonding section 12.
The column section 27 extends perpendicular to the

base sections 21 and 22 to connect the base sections

21 and 22.
(0058

In the structure of FIG. 10C, too, by
providing the column section 27 extending
perpendicularly to the base sectilons 21 and 22 to
connect the base sections 21 and 22, it is possible to

efficiently transfer the load in the board thickness

direction inside the composite material structure 10
or 10A. The structure of such a coupling section 13
is effective to support the load in the board
thickness direction which acts on the composite
material structure 10 or 10A while reducing the weight
of the composite material structure 10 or 10A. Also,
in the structure of FIG. 10C, it is difficult for the
stress to center in the neighborhood of the opening 4

because the opening 4 has an oval shape, and the

strength of the composite material structure 10 or 10A

can be 1mproved.

[0058]

FIG. 11 is a side view showing the structure
of the corrugated core 3 suitable for efficiently
transferring the load which acts on an axial direction
(i.e. the Y axial direction) inside the composite

material structure 10 or 10A (that is, a shape of the
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opening 4 formed in the corrugated core 3). Note that
FIG. 11 shows the structure when the coupling section

13 of the corrugated core 3 is viewed in the direction

of the arrow A in FIG. 2. In FIG. 11, too, the Z

axial direction but the Z' axial direction (a
direction perpendicular to the Y axial direction and

along the coupling section 13) is shown. Note that

the upper and lower direction in FIG. 11 1is the 2’

axial direction.

[0060]

In the structure of FIG. 11, substantially
rectangular openings 4 are arranged in the coupling

section 13 in a matrix manner (i.e., arranged in the Y

axial direction and the Z’' axial direction). By
providing the openings 4 of such a shape, the base
sections 21 and 22, the column sections 25 and 26 and
beam sections 28 are formed in the coupling section
13. The base section 21 is connected to the bonding
section 11 and is disposed to extend in the Y axial
direction along the bonding section 11. Also, the
base section 22 is connected to the bonding section 12
and is disposed to extend in the Y axial direction
along the bonding section 12. The column sections 25

and 26 extend perpendicularly to the base sections 21
and 22 to connect the base sections 21 and 2Z2. Here,
the column section 25 is connecting to the ends of the
base sections 21 and 22, and the column section 26 1s

connected to the base sections 21 and 22 in the middle

position of the base sections 21 and 22. The beam
section 28 extends in the axial direction of the
composite material structure 10 or 10A (i.e. 1n the Y
axial direction) to connect the neighbor column
sections 25 and 26.

[0061]

By providing the beam section 28 that extends

in the axial direction of the composite material
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strﬁcture 10 or 10A (1.e. 1n the Y axial direction) to
connect the neighbor column sectlons 25 and 26, the
structure of FIG. 11 can efficiently transfer the
axlal direction load 1inside the composite material
structure 10 or 10A. The structure of such a coupling
section 13 1s effective to support the axilal directlion
load which acts on the composite material structure 10
cr 10A while reducing the weight of the composite

material structure 10 or 10A.

[0062]

Next, a manufacturing method of the composite
material structure 10 or 10A according to the present
embodiment will be described. 1In the above-mentioned
various types of the composite material structure 10
or 10A, the face plates 1 and 2 and the corrugated
core 3 can be manufactured by various methods. The
face plate 1 and the corrugated core 3 may be
manufactured as an integrated member. Also, the face
plate 1 and the corrugated core 3 are manufactured as
separate members, and then they are may be bonded. In
the same way, the face plate 2 and the corrugated core
3 may be manufactured as separate members and then

they may be bonded. Also, all of the face plates 1

and 2 and the corrugated cores 3 may be manufactured

as an i1ntegrated member.
[0063]

In one embodiment, 1ntermediate products,
from which the face plates 1 and 2 and the corrugated
core 3 are finally formed, are formed a sheet-like or
tape—-like prepreg, respectively. The intermediate
products may be bonded by co-curing, co-bonding or a
secondary adhesion.

[0064]

FIG. 12 1s a conceptual diagram showing an

example of the manufacturing method for manufacturing

the composite material structure 10 by using the
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sheet-like prepreg. The sheet-like prepreg 32 1is
stacked on a flat mandrel 31 to form a stacked layers
structure 33 (FIG. 12(a)). To be mentioned later, the
stacked layers structure 33 is the intermediate
product from which the corrugated core 3 is formed 1in
the following process. The number of sheets of the

prepreg 32 to be stacked and the direction of fiber 1in

each sheet of the prepreg 32 are determined such that

the corrugated core 3 to be formed finally, has

appropriate strength and stiffness.
[0065]

Next, the openings 4 are formed 1in the
stacked layer structure 33 by punching or cutting
(FIG. 12(b)).

[10066]

Next, the stacked layer structure 33 1S
shaped to have the shape of the corrugated core 3 to
be formed finally, by pressing or draping (FIG.
12(c)). At this time, the stacked layer structure 33
is in the un-cured condition.

(0067]

Next, the face plates 1 and 2 and the

corrugated core 3, which are shaped as separate

members, are bonded to each other and then the

manufacture of the composite material structure 10

completes (FIG. 12(d)). The bonding of the face

plates 1 and 2 and the corrugated core 3 can be

carried out by various techniques.

[0068]
The face plates 1 and 2 and the corrugated

core 3 may be bonded by co=-curing. In this case, un-

cured members 34 and 35, from which the face plates 1
and 2 can be formed finally, are formed by stacking
the sheets of prepreg. The members 34 and 35 1n
addition to the stacked layer structure 33 are cured

so that the composite material structure 10 1is
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completed in which the face plates 1 and 2 and the
corrugated core 3 are bonded to each other.
(0069
Also, the face plates 1 and 2 and the

5 corrugated core 3 may be bonded by co—bonding. In
this case, the stacked layer structure 33 1s cured to
form the corrugated core 3, whereas the un-cured
members 34 and 35, from which the face plates 1 and 2

are formed finally, are formed by stacking the sheets

10 of prepreg. The curing is carried out 1in the state
that the un-cured members 34 and 35 are brought into
contact with the corrugated core 3 through the
adhesive materials. Thus, the composite material
structure 10 is completed in which the face plates 1

15 and 2 and the corrugated core 3 are bonded to each
other.

[0070]
Also, the face plates 1 and 2 and the
corrugated core 3 may be bonded through a secondary
20 adhesion. In this case, a stacked layer structure 33
is cured to form the corrugated core 3, whereas the
face plates 1 and 2 after the curing are formed. The

cured corrugated core 3 is brought into contact with

the cured face plates 1 and 2 and the adhesive

25 material is cured in such a condition. Thus, the
composite material structure 10 in which the face
plates 1 and 2 and the corrugated core 3 are bonded 1s
completed.
[0071]

30 FIG. 13 is a conceptual diagram showing an

example of the manufacturing method which manufactures
the composite material structure 10 by using a tape-
like prepreg (a prepreg tape). The prepreg tape 36 1s
stacked on a flat mandrel 31 and the stacked layer

35 structure 33 is formed in which the openings 4 have

been formed (FIG. 13(a)). The prepreg tape 36 may be
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stacked by using an AFP (automated fiber placement)
technigue. In this case, in the manufacturing method
of FIG. 13, the stacked layer structure 33 of a
desired shape can be formed by using the prepreg tape.

Therefore, note that it is not necessary to form the

openings 4 by a punching technique and a cutting

techniqgue.

[0072]

Next, the stacked layer structure 33 1is
shaped to have the final shape of the corrugated core
3, by a pressing technique and a draping technique,

like the manufacturing method of FIG. 12 (FIG. 13(b)}).

Moreover, a process which bonds the face plates 1 and

2 and the corrugated core 3 1s carried out (FIG.
13(c)). Like the manufacturing method of FIG. 12,
either of co-curing, co-bond, and the second adhesilve
material may be used in the process which bonds the
face plates 1 and 2 and the corrugated core 3.
Through the above process, the composite material
structure 10 is completed.

[0073]

On the other hand, FIG. 14 is a conceptual
diagram showing a manufacturing method which
manufactures the composite material structure 10 by
using an RTM (resin transfer molding) technique to

impregnate a resin into a dry preform.

[0074]
First, the dry preform 41 which has openings

4 is prepared (FIG. 1l4(a)). The dry preform 41 having
the opening 4 may be shaped to form the opening 4 Dby
carrying out the punching technique and the cutting
technique of a flat-plate-like dry preform.
[0075]

Next, the resin is impregnated into the dry
preform 41 by the RTM, to form the corrugated core 3
(FIG. 14(b)). In detail, the resin 1s impregnated in
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the condition that the dry preform 41 1s put between
+he mandrels 42 and 43, and moreover, the resin 1s
cured at the desired temperature. Thus, the cured

corrugated core 3 is completed.

(007 6]

Next, a process of bonding the face plates 1
and 2 and the corrugated core 3, which are formed as
separate members, 1s carried out and the manufacture

of the composite material structure 10 completes (FIG.

14(c)). The bonding of the face plates 1 and 2 and
the corrugated core 3 can be carried out by various
techniqgues.

[0077]

The face plates 1 and 2 and the corrugated
core 3 may be bonded by co-bonding. In this case, the
un—-cured members 34 and 35, from which the face plates
1 and 2 are formed finally, are formed by stacking the
sheets of prepreg. Moreover, the curing is carried
out in the state that the cured corrugated core 3 1s
made contact the un-cured members 34 and 35 through
t+he adhesive materials. Thus, the composite material
structure 10 completes in which the face plates 1 and
2 and the corrugated core 3 are bonded to each other.
(0078]

Also, the face plates 1 and 2 and the

corrugated core 3 may be bonded by the secondary

adhesion. In this case, the cured face plates 1 and Z
are prepared, and then the curing is carried out 1n

the state that the cured corrugated core 3 1s made
contact the cured face plates 1 and 2 through the
adhesive materials. Thus, the composite material
structure 10 completes-in which the face plates 1 and
2 and the corrugated core 3 are bonded to each other.
[0079]

Note that it could be easilly undeistood to a

person skilled in the art that the manufacture of the



10

15

20

25

30

35

CA 02938645 2016-08-03

- 37 -

composite material structure 10A that does not have

the face plate 2 can be realized by not bonding the

face plate 2 to the corrugated core 3, 1n the above-
mentioned manufacturing method.

(0080 ]

In the above, various embodiments of the
present invention have been specifically described,
but the present invention is not limited to the above-
mentioned embodiments. It 1s apparent to the skilled
person in the art that the present invention can be
implemented with various modifications.

[Explanation of the code]
[0081]
1, 2: face plate

1 a, 2a: 1nner surface

1 b, 2b: outer surface

3: corrugated core

4, 4a to 4d: opening

10 or 10A: composite material structure
11, 12: bonding section

13: coupling section

14, 15: space

17, 18: side

21 and 22: base section

23 and 24: diagonal column section
25, 26, 27: column section

28: beam section

31: mandrel

32: prepreg

33: stacked layer structure

34, 35: member
36: prepreg tape

41: dry preform
42, 43: mandrel
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CLAIMS:

1. A composite material structure comprising:

a first face plate formed of a composite material;

a second face plate formed of a composite material

i

o and disposed to be opposite to the first face plate; and

a corrugated core formed of a composite material and

bonded to the first face plate and the second face plate,

whereln the corrugated core has at least one opening,

wherein the corrugated core comprises:

10 a first bonding section bonded to the first face

plate and configured to extend in a first direction along the

first face place;

a second bonding section bonded to the second face

plate and configured to extend in the first direction; and

15 a coupling section connected between the first

bonding section and the second bonding section and configured

to extend 1n the first direction,

wherelin the corrugated core is configured such that a

first space surrounded by the second bonding section, the

20 coupling section and the first face plate extends in the first

direction and a second space surrounded by the first bonding

section, the coupling section and the second face plate extends

in the first direction,
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_34_..

wherein the first space and the second space are

alternately arranged in a second direction along the first face

-

plate which is different from the first direction, and

wherein the at least one opening is disposed in the

coupling section.

2 . The composite material structure according to

)

claim 1, wherein the corrugated core includes a plurality of

openings,

wherelin the plurality of openings are formed in the
corrugated core, such that a truss structure is realized in the

corrugated core.

3. The composite material structure according to claim 1

pr—

or 2, whereln the corrugated core comprises a plurality of the

openings arranged in the second direction,

wherein the corrugated core comprises:

a first base section bonded to the first bonding

section and configured to extend in the first direction;

a second base section bonded to the second bonding

sectlion and configured to extend in the first direction:

a first diagonal column section configured to extend

diagonally to the first direction to connect the first base

section and the second base section; and

a second dilagonal column section configured to extend

diagonally to the first direction to connect the first base

section and the second base section,
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wherein a position where the first diagonal column
section 1s connected to the second base section is shifted in
the first direction from a position where the first diagonal

column section is connected to the first base section, and

wherein a position where the second diagonal column

section 1s connected to the first base section is shifted in

the first direction from a position where the second diagonal

column section is connected to the second base section.

4. The composite material structure according to claim 1

or 2, whereln the at least one opening has a circular shape.

5. The composite material structure according to claim 1

or 2, wherein the at least one opening has an oval shape.

6. A liquid tank.comprising the composite material
structure according to any one of claims 1 to 5, arranged such

that a liquid can be stored between the first face plate and

the second face plate.
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