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(57) Abstract: A composite structure having a laminated structure made of fiber reinforced plastic and metallic material comprises a
base member(s) made of metallic material; and a reinforcement member(s) made of fiber reinforced plastic, the reinforcement mem-
ber(s) comprising: a first reinforcement part(s) made of fiber reinforced plastic including reinforcement fibers which are aligned in a
uni-direction, and a second reinforcement part(s) made of fiber reinforced plastic including at least reinforcement fibers which are
aligned in a crossing direction relative to the uni-direction in which the reinforcement fibers of the first reinforcement part(s) are
aligned, and interposed between the base member(s) and the first reinforcement part(s), the reinforcement member(s) further com-
prising a thermosetting resin included in a bonding site with the base member(s).
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Description

Title of Invention: COMPOSITE STRUCTURE AND MANU-

[0001]

[0002]

[0003]

[0004]

[0005]

FACTURING METHOD THEREOF

Technical Field

(CROSS-REFERENCE TO RELATED APPLICATIONS)

The present application claims priority based on JP Patent Application
No0.2014-050752, filed in Japan on March 13, 2014, whose entire disclosure is in-
corporated herein by reference thereto.

The present disclosure relates to a composite structure made of metallic material and
fiber reinforced plastic and a manufacturing method thereof.

Background

Those kinds of composite structure and manufacturing method thereof are known, for

example, as disclosed in JP2010-149350A and WO2013-146900A.

Citation List

Patent Literature

PTL 1: JP2010-149350A
PTL 2: WO2013-146900A
Summary

Technical Problem

The following analysis is given by the present invention.

In those kind of composite structure, a bonding site between a fiber reinforced plastic
part and a metallic part has a problem with occurrence of strain or delamination, par-
ticularly, due to a difference in a thermal expansion coefficient between the two parts.
The present invention is made in view of the situation etc. as exemplified hereinabove.
Solution to Problem

Considering the hereinabove situation, in a first aspect, there is provided a composite
structure having a laminated structure made of fiber reinforced plastic and metallic
material, comprising: a base member(s) made of metallic material; and a reinforcement
member(s) made of fiber reinforced plastic. The reinforcement member(s) comprises: a
first reinforcement part(s) made of fiber reinforced plastic including reinforcement
fibers which are aligned in a uni-direction, and a second reinforcement part(s) made of
fiber reinforced plastic including at least reinforcement fibers which are aligned in a
crossing direction relative to the uni-direction in which the reinforcement fibers of the
first reinforcement part(s) are aligned, and interposed between the base member(s) and

the first reinforcement part(s). The reinforcement member(s) further comprises a ther-
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mosetting resin included in a bonding site with the base member(s).

In fiber reinforced plastic, there is a difference in an amount of thermal expansion or
cooling shrinkage between in an orientation direction of reinforcement fibers
(hereinafter, may be referred to simply as "orientation direction") and in a direction
crossing (typically orthogonally) the orientation direction. Using uni-directional fiber
reinforced plastic, so-called "UD (uni-directional) material”, an anisotropy of the
expansion or shrinkage is generated depending on the orientation direction. In the UD
material, the amount of the expansion or shrinkage in the direction orthogonally
crossing the orientation direction is larger than that amount in the orientation direction.
Such anisotropy causes the strain or delamination at the bonding site.

In a composite structure according to the first aspect, the reinforcement member(s)
bonded with the base member(s) has the first and second reinforcement parts (layers),
with including the thermosetting resin in the bonding site with the base member(s), in
which orientation directions of the reinforcement fibers included in the first and second
reinforcement parts cross each other. Accordingly, bonding between the base
member(s) and the reinforcement member(s) is easily or firmly conducted, and
expansion and shrinkage of the reinforcement member(s) upon heating and cooling are
as isotropic as possible. Thus, the composite structure can obtain fiber reinforcement
properties presented by the UD material in the orientation direction thereof, with sup-
pressing occurrence of strain or delamination at the bonding site.

In a preferred composite structure, the second reinforcement part(s) including the
thermosetting resin is directly bonded with the base member(s). According to such
preferred configuration, the composite structure having the hereinabove-mentioned
configuration according to the first aspect is produced through an easy or simply man-
ufacturing process.

In a preferred composite structure, the first reinforcement part(s) including a ther-
mosetting resin is directly bonded with the second reinforcement part(s). According to
such preferred configuration, the composite structure having the hereinabove-
mentioned configuration is produced through an easy or simply manufacturing process.

In a preferred composite structure, the second reinforcement part(s) comprises a cloth
member(s), in which reinforcement fibers included in the cloth member(s) is used as
the reinforcement fibers of the second reinforcement part(s). According to such
preferred configuration, in the second reinforcement part(s) arranged on a base
member side of the reinforcement member, expansion and shrinkage upon heating and
cooling are as isotropic as possible. Thus, strain or delamination generated at the
bonding site is further suppressed.

In a preferred composite structure, at least one of the first and second reinforcement

parts is made of carbon fiber reinforced plastic. The preferred composite structure
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having such configuration can have the hereinabove-mentioned advantageous charac-
teristic.

In a second aspect, there is provided a manufacturing method of the composite
structure having a laminated structure made of fiber reinforced plastic and metallic
material, comprising:

(i) laminating a base member(s) made of metallic material; a first reinforcement part
precursor(s) formed of a prepreg(s) which is made of a fiber reinforced plastic
including reinforcement fibers which are aligned in a uni-direction; and a second rein-
forcement part precursor(s) formed of a prepreg(s) which is made of fiber reinforced
plastic including at least reinforcement fiber which are aligned in a crossing direction
relative to the uni-direction in which the reinforcement fibers of the first reinforcement
part precursor(s) are aligned, each other, by interposing the second reinforcement part
precursor(s) between the base member(s) and the first reinforcement part precursor(s);
and

(i1) heating the laminated structure produced by the laminating, having a base
member(s), the first reinforcement part precursor(s) and the second reinforcement part
precursor(s).

In a preferred manufacturing method of the composite structure, the laminating
comprises: directly bonding the second reinforcement part precursor(s) including ther-
mosetting a resin before curing with the base member(s); and directly bonding the
second reinforcement part precursor(s) with the first reinforcement part precursor(s)
including a thermosetting resin before curing; thereby producing the laminated
structure.

In a preferred manufacturing method of the composite structure, wherein,

(1) the laminating comprises:

(ia) setting the first and second reinforcement part precursors having sheet shapes
between the base member(s) set in one die of a pair of dies and another die of the pair
of the dies; and

(ib) closing the pair of the dies to form the hereinabove-mentioned laminated
structure, thereby forming the first and second reinforcement part precursors into a
preset shape(s), and wherein

(ii) the heating comprises:

heating the laminated structure heated in the pair of the dies which is closed.

In a preferred manufacturing method of the composite structure, the second rein-
forcement part(s) comprises a cloth member(s), in which reinforcement fibers included
in the cloth member(s) is used as the reinforcement fibers of the second reinforcement
part(s).

In a preferred manufacturing method of the composite structure, at least one of the
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first and second reinforcement part precursor(s) is formed as a prepreg(s) made of
carbon fiber reinforced plastic.
According to the hereinabove-mentioned preferred methods, the hereinabove-

mentioned preferred composite structures are produced through an easy or simply
manufacturing process.
Brief Description of Drawings
[fig.1]Fig.1 is a schematic plan view illustrating an approximate configuration of a
composite structure according to one exemplary embodiment.
[fig.2]Fig.2 is a schematic cross-sectional view taken along a line 2-2 in Fig.1.
[fig.3]Fig.3 is a schematic partially enlarged view illustrating the composite structure
of Fig 2.
[fig.4]Fig.4 is a schematic view illustrating a manufacturing method according to the
one exemplary embodiment.
[fig.5]Fig.5 is a schematic view illustrating the manufacturing method according to the
one exemplary embodiment.
[fig.6]Fig.6 is a schematic view illustrating the manufacturing method according to the
one exemplary embodiment.
[fig.7]Fig.7 is a schematic view illustrating the manufacturing method according to the
one exemplary embodiment.
[fig.8]Fig.8 is a schematic cross-sectional enlarged view illustrating the composite
structure produced by the manufacturing method as shown in Fig.7.
Description of Embodiments

Hereinafter, one exemplary embodiment is explained, referring to drawings. In
addition, modifications and/or variations are indicated at the end of Description, since
the understanding of the explanation of the consistent one exemplary embodiment
would be disturbed when such modifications and/or variations are inserted in the ex-
planation of the exemplary embodiment.

<Constitution of Composite Structure>

Fig.1 is a schematic plan view illustrating an approximate configuration of a
composite structure according to one exemplary embodiment. Fig.2 is a schematic
cross-sectional view taken along a line 2-2 in Fig.1. Fig.3 is a schematic partially
enlarged view illustrating the composite structure of Fig 2. Hereinafter, referring to
Figs. 1-3, the composite structure according to the one exemplary embodiment is
explained.

The composite structure 10 having a preset longitudinal direction (parallel to an up-
down direction in a figure) as shown in Fig.1 is formed in a hat shape (corrugated sheet

shape) as shown in Fig.2. The composite structure 10 has a based member 11 formed
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by bending a metallic sheet blank made of metallic material into the shape hereinabove
mentioned, and a reinforcement member 12 including CFRP (carbon fiber reinforced
plastic) and bonded with the base member 11. Thus, the composite structure 10 has a
lamination (bonding) constitution made of the CFRP and the metallic material.

In the present exemplary embodiment, the composite structure 10 is assumed to be
required to have reinforcement in the longitudinal direction. In the composite structure
10, for that assumption according to the present exemplary embodiment, the rein-
forcement member 12 is only arranged on a region(s) required preset strength and
neighboring region of the region(s), but not arranged on the other parts, e.g., end
region in a width direction orthogonal to the longitudinal direction, and so on.

The reinforcement member 12 has first and second reinforcement parts 12a, 12b. The
first reinforcement part 12a (made of CFRP) is formed of so-called UD material
member(s), thereby including a thermosetting resin and continuous or long carbon
fibers (filaments) aligned in a uni-direction. To reinforce the composite structure 10 in
the longitudinal direction as to the hereinabove-mentioned situation, an orientation
direction of reinforcement fibers in the first reinforcement part 12a is aligned in (e.g.,
parallel to) the hereinabove longitudinal direction of the composite structure 10. The
second reinforcement part 12b (made of CFRP) is formed of a cloth member(s)
(material), thereby including a thermosetting resin and plain-woven reinforcement
fibers. In the plain-woven reinforcement fibers, warp and woof fibers are obliquely
aligned to the hereinabove-mentioned longitudinal direction of the composite structure
10 at approximate 45 degrees, respectively.

As shown in Figs.2 and 3, the second reinforcement part 12b is disposed to be in-
terposed between the base member 11 and the first reinforcement part 12a. The first
and second reinforcement parts 12a, 12b are directly bonded each other without an ad-
ditional adhesive layer. Therefore, the reinforcement member 12 is configurated to
contain the thermosetting resin in a bonding site with the base member 11.

<Manufacturing Method>

Hereinafter, a manufacturing method of the composite structure 10 having the
hereinabove-mentioned constitution is explained, referring to Figs.4-6.

A concave part, i.e., a cavity 21 is formed on a lower die 20, i.e., a fixed die (outer
die) of a pair of dies. The lower die 20 has an inner wall surface capable of abutting on
an outer side surface (the opposite side surface of the hereinabove mentioned inner
side surface bonded with the reinforcement member 12) of the base member 11. Inside
the lower die 20, heaters 22 for heating are arranged along the inner wall surface of the
cavity 21.

Convex parts 31 are formed on an upper die 30, i.e., a movable die (inner die) of a

pair of dies. Convex parts 31 have shapes corresponding to the inner side surface of the
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base member 11, respectively. Inside the upper die 20, heaters 32 for heating are
arranged along the outer wall surface of the convex part 31.

First, as shown in Fig.4, the base material 11 of metallic component is set or disposed
in the lower die 20. First and second prepregs 41,42 are set between the upper die 30
and the lower die 20 in which the base member 11 has been set, in order that the
second prepreg 42 is sandwiched between the base member 11 and the first prepreg 41.
The first prepreg 41 is formed of the UD material member(s) including the ther-
mosetting resin before curing, as a first reinforcement part (12a) precursor of the
present disclosure. The second prepreg 42 is formed of the cloth member(s) with
including the thermosetting resin before curing, as a second reinforcement part (12b)
precursor of the present disclosure.

Second, as shown in Fig.5, the upper and lower dies 20, 30 are closed each other.
Thus, the first and second prepregs 41, 42 are laminated onto the base member 11 and
formed into a hat shape complied with a inner surface profile of the base member 11.
That process is called "a laminating process".

Next, in a state as shown in Fig.5, the lamination structure of the first and second
prepregs 41, 42 and the base member 11 is heated at a preset temperature for the preset
time using the heaters 22, 32. That process is called "a heating process". Thereby, a
curing reaction of the thermosetting resin included in the first and second prepregs 41,
42 proceeds, so that a first and second reinforcement parts 12a, 12b are formed, and the
first and second reinforcement parts 12a, 12b and the base member 11 in this order are
firmly bonded and laminated each other. Thereafter, as shown in Fig.6, the upper and
lower dies 20, 30 are opened to allow remove the formed composite structure 10 to
remove from the dies 20, 30.

<Operation and Effect>

In the composite structure 10 according to the exemplary embodiment, the rein-
forcement member 12 bonded with the base member 11 has the first and second rein-
forcement parts 12a, 12b, in which orientation directions of reinforcement fibers of the
first and second reinforcement parts 12a, 12b cross each other. Accordingly, expansion
and shrinkage of the reinforcement member(s) upon heating and cooling are as
isotropic as possible. Thus, the composite structure 10 can obtain fiber reinforcement
properties presented by the UD material member(s) in the orientation direction thereof,
with a suppressed occurrence of strain or delamination at the bonding site.

Particularly, in a case of bonding the CFRP member(s) including the thermosetting
resin and the metallic component(s) each other as described in the present exemplary
embodiment, both of shrinkages due to a curing reaction on manufacturing process and
due to cooling after curing, as well as expansion and shrinkage in use environment of a

completed product of the composite structure 10, offer problems. As to the problems,
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according to the configuration of the present exemplary embodiment, even when
bonding the reinforcement member 12 formed of the CFRP member(s) including the
thermosetting resin and the base member 11 formed of the metallic component(s),
strain or delamination at the bonding site can be satisfactorily suppressed.

In the composite structure 10 of the present exemplary embodiment, the rein-
forcement member 12 includes the thermosetting resin in the bonding site with the
base member 11. For example, the reinforcement member 12 including the ther-
mosetting resin is directly bonded with the base member 11. According to the
hereinabove-mentioned configuration, bonding between the base member 11 and the
reinforcement member 12 can be well conducted, even if without applying a pre-
treatment for improving an adhesiveness of the reinforcement member 12 onto the base
member 11 (surface treatment: e.g., plating, plasma treatment, and blasting etc.) or a
special adhesion layer (bonding layer) arranged between the base member 11 and the
reinforcement member 12.

Furthermore, in the composite structure 10 of the present exemplary embodiment, the
first reinforcement part 12a including the thermosetting resin is directly bonded with
the second reinforcement part 12b including the thermosetting resin, and the second re-
inforcement part 12b is directly bonded with the base member 11. According to such
preferred configuration, the composite structure having the hereinabove-mentioned
configuration can be produced through an easy or simply manufacturing process.

In addition, according to the composite structure 10 and the manufacturing method
thereof, a forming process of the base member 11 and a bonding process between the
formed base member 11 and the reinforcement member 12 can be simultaneously
conducted, thus contributing to reduce a number of processes and a product cost
thereby.

<Modifications>

Several modifications will next be exemplified. In the following description of the
modifications, component members similar in structure and function to those of the
hereinabove-described exemplary embodiment are denoted by names and reference
numerals similar to those of the hereinabove-described exemplary embodiment. The
description of the component members appearing in the hereinabove description of the
embodiment can be applied as appropriate, so long as no technical inconsistencies are
included. Needless to say, even modifications are not limited to those described below.
The constitution of the hereinabove-described exemplary embodiment and the con-
stitutions of the modifications to be described below are entirely or partially applicable
in appropriate combination, so long as no technical inconsistencies are included.

The present invention is not limited to the specific configurations of the exemplary

embodiment to be described hereinabove. The shape of the composite structure 10 is
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not limited to the hat shape as hereinabove-mentioned. For example, the composite
structure 10 may have an approximately flat sheet shape. Further, the first and second
reinforcement parts 12a, 12b are not limited to be formed of a CFRP member(s). Fur-
thermore, the orientation direction of the first reinforcement part 12a may be set in a
direction which inclines at a preset angle to the hereinabove-described longitudinal
direction of the composite structure 10, depending on a direction of internal or external
stress generated in actual use of the composite structure 10, etc.

In case that the second reinforcement part 12b is formed of cloth member (made of
UD material), the second reinforcement part 12b is configurated in which warp or
woof fibers included in the cloth member(s) are approximately aligned orthogonally to
the hereinabove-mentioned longitudinal direction of the composite structure 10. Occa-
sionally, reinforcement fibers other than plain-woven, €.g., twill-woven reinforcement
fibers may be used, as the reinforcement fibers including in the second reinforcement
part 12b.

The present invention is not limited to the specific manufacturing method of the
exemplary embodiment to be described hereinabove. For, example, the first and second
prepregs 41, 42 may be separately inserted between the upper and lower dies 20, 30.
Occasionally, the first and second prepregs 41, 42 may be pre-integrated or pre-
bonded, before inserted between the upper and lower dies 20, 30.

The first and second prepregs 41, 42 may be pre-formed corresponding to the rein-
forcement member 12. In this case, the formed prepregs 41, 42 may be set in the lower
die 20 together with the base member 11, before closing of the upper and lower dies
20, 30. Occasionally, instead of setting of the base member 11 in the lower die 20 as
shown in Fig.4, a metallic blank to form the base member 11 may be inserted between
the second prepreg 42 and the lower die 20. In this case, dies-closing and heating
thereafter (see Fig.5) may result in forming the base member 11 and the reinforcement
member 12, simultaneously with bonding the two members 11, 12 each other.

The inner surface of the base member 11 may be processed with the pretreatment(s)
mentioned hereinabove, especially if the second reinforcement part 12b is made of
thermoplastic fiber reinforced plastic. In this case, the first reinforcement part 12a is
often made of thermoplastic fiber reinforced plastic, too.

Using the second forcing member 12 made of the thermoplastic fiber reinforced
plastic, an adhesive sheet (thermosetting resin precursor sheet) 43 made of ther-
mosetting resin before curing may be inserted between the base member 11 and the
second reinforcement part 12b. In this case, the second reinforcement part 12b may be
bonded with the base member 11, via an adhesive layer 123 (formed from the adhesive
sheet 43) made of the thermosetting resin, as shown in Fig.8. According to the con-

figuration and the manufacturing method, bonding between the base member 11 and
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the reinforcement member 12 having the second reinforcement part 12b made of the
thermoplastic FRP can be well conducted, even if without the pretreatment(s)

mentioned hereinabove on the inner surface of the base member 11.
Needless to say, those modifications which are not particularly referred to are also

encompassed in the technical scope of the present invention, so long as the invention is
not modified in essence. Those components which partially constitute means for
solving the problems to be solved by the present invention and are operationally or
functionally expressed encompass, not only the specific structures disclosed
hereinabove in the description of the hereinabove exemplary embodiment and modi-
fications, and equivalents thereof but also any other structures that can implement the
operations or functions of the components.

The entire disclosures of the hereinabove Patent Literatures are incorporated herein
by reference thereto. Modifications and adjustments of the exemplary embodiment(s)
are possible within the scope of the overall disclosure (including the claims) of the
present disclosure and based on the basic technical concept of the present disclosure.
Various combinations and selections of various disclosed elements (including each
element of each claim, each element of each exemplary embodiment, each element of
each drawing, etc.) are possible within the scope of the present disclosure. That is, the
present disclosure of course includes various variations and modifications that could be
made by those skilled in the art according to the overall disclosure including the claims
and the technical concept. Particularly, any numerical range disclosed herein should be
interpreted that any intermediate values or subranges falling within the disclosed

range(s) are also concretely disclosed even without explicit recital thereof.

Reference Signs List
10 composite (hybrid) structure
11 base member (layer)
12 reinforcement member (layer)
12a first reinforcement part (layer)
12b second reinforcement part (layer)
20 lower die
21 cavity
22 heater
30 upper die
31 protrusion
32 heater
41 first prepreg
42 second prepreg
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43 adhesive sheet
123 adhesive layer
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Claims

A composite structure having a laminated structure made of fiber re-
inforced plastic and metallic material, comprising: a base member(s)
made of metallic material; and a reinforcement member(s) made of
fiber reinforced plastic, wherein

the reinforcement member(s) comprises:

a first reinforcement part(s) made of fiber reinforced plastic including
reinforcement fibers which are aligned in a uni-direction, and

a second reinforcement part(s) made of fiber reinforced plastic
including at least reinforcement fibers which are aligned in a crossing
direction relative to the uni-direction in which the reinforcement fibers
of the first reinforcement part(s) are aligned, and interposed between
the base member(s) and the first reinforcement part(s),

the reinforcement member(s) comprising a thermosetting resin included
in a bonding site with the base member(s).

The composite structure according to Claim 1, wherein

the second reinforcement part(s) includes the thermosetting resin, and
is directly bonded with the base member(s).

The composite structure according to Claim 1 or 2, wherein

the first reinforcement part(s) includes a thermosetting resin, and is
directly bonded with the second reinforcement part(s).

The composite structure according to any one of Claims 1-3, wherein
the second reinforcement part(s) comprises a cloth member(s), in which
reinforcement fibers included in the cloth member(s) is used as the re-
inforcement fibers of the second reinforcement part.

The composite structure according to any one of Claims 1-4, wherein
at least one of the first and second reinforcement parts is made of
carbon fiber reinforced plastic.

A manufacturing method of a composite structure having a laminated
structure made of fiber reinforced plastic and metallic material,
comprising:

laminating a base member(s) made of metallic material; a first rein-
forcement part precursor(s) formed of a prepreg(s) which is made of a
fiber reinforced plastic including reinforcement fibers which are
aligned in a uni-direction; and a second reinforcement part precursor(s)
formed of a prepreg(s) which is made of fiber reinforced plastic

including at least reinforcement fiber which are aligned in a crossing
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direction relative to the uni-direction in which the reinforcement fibers
of the first reinforcement part precursor(s) are aligned, each other, by
interposing the second reinforcement part precursor(s) between the
base member(s) and the first reinforcement part precursor(s); and
heating the laminated structure produced by the laminating, having a
base member(s), the first reinforcement part precursor(s) and the
second reinforcement part precursor(s).

The manufacturing method of the composite structure according to
Claim 6, wherein

the laminating comprises:

directly bonding the second reinforcement part precursor(s) including a
thermosetting resin before curing with the base member(s); and
directly bonding the second reinforcement part precursor(s) with the
first reinforcement part precursor(s) including a thermosetting resin
before curing;

thereby producing the laminated structure.

The manufacturing method of the composite structure according to
Claim 6 or 7, wherein,

the laminating comprises:

setting the base member(s) in one die of a pair of dies;

setting the first and second reinforcement part precursors having sheet
shapes between the base member(s) and another die of the pair of the
dies; and

closing the pair of the dies to form the laminated structure, thereby
forming the first and second reinforcement part precursors into a preset
shape(s), and wherein

the heating comprises:

heating the laminated structure heated in the pair of the dies which is
closed.

The manufacturing method of the composite structure according to any
one of Claims 6-8, wherein

the second reinforcement part(s) comprises a cloth member(s), in which
reinforcement fibers included in the cloth member(s) is used as the re-
inforcement fibers of the second reinforcement part(s).

The manufacturing method of the composite structure according to any
one of Claims 6-9, wherein

at least one of the first and second reinforcement part precursors is

formed a prepreg(s) made of carbon fiber reinforced plastic.
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