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(54) JOINT STRUCTURE FOR COMPOSITE

(57) A joint structure for a composite member having
a light-weight and low-cost structure, easy to manufac-
ture, and resistible against a large shear load, is provided.
A joint structure (1) for a composite member made from
a composite material, comprising a plate for increasing
thickness (40a, 40b) adhered to at least one side of the
composite member (10); wherein the composite member

(10) and a counterpart member (20) are fastened togeth-
er by inserting and fixing a fastener member (30) into a
through-hole (24, 26) formed through the composite
member (10), the plate for increasing thickness (40a,
40b), and the counterpart member (20) to be joined to
the composite member.
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Description

[Technical Field]

[0001] The present invention relates to a joint structure
for a composite member made from a composite mate-
rial.

BACKGROUND ART

[0002] Fiber-reinforced composite materials (hereinaf-
ter referred to as "composite material(s)") having a fiber
as a reinforcing material and a resin as a matrix material,
including CFRP (carbon fiber reinforced plastic), GFRP
(glass fiber reinforced plastic), BFRP (boron fiber rein-
forced plastic) and AFRP (aramid fiber reinforced plas-
tic), are used as materials having light weight and high
strength in various fields. For example, CFRP employing
a carbon fiber reinforced plastic has both extremely high
strength and light weight, and it is widely used in various
industrial fields including aircrafts, ships and automo-
biles.
[0003] When a composite member made from such a
composite material is joined to a counterpart member as
a target of joint, a joint structure 1’ where a fastener mem-
ber such as a bolt 30 is inserted into a through-hole 24
formed through a composite material plate 10 (a com-
posite member) and a flange 20a of a counterpart mem-
ber 20, and a nut 32 is tightened to fix the bolt 30, to
fasten the composite material plate 10 and the counter-
part member 20 together, as shown in Fig. 5, is usually
employed.
[0004] In the joint structure 1’ of such a type, in a case
where a horizontal force H’ acts on the counterpart mem-
ber 20 and a shear load acts in a direction in which the
composite material plate 10 and the counterpart member
20 may be misaligned, the nut 32 is strongly tightened
to strongly fasten the composite material plate 10 and
the counterpart member 20 together by a bolt axial force,
and the joint structure 1’ resists to the shear load by a
frictional force on a joint surface between the composite
material plate 10 and the counterpart member 20. How-
ever, in a case where the composite material plate 10 is
used as a skin for a main wing of an airplane, for example,
in order to obtain a secure design, the joint structure 1’
is designed so as to be capable of resisting the shear
load by a contact pressure (bearing contact pressure) at
a contact portion (a’ in Fig. 5) between the bolt 30 and
the composite material plate 10 even when the nut is
loosened.
[0005] In a case where the acting horizontal force H is
large, an increased number of bolts 30 are used, and
bolts 30 having a larger size are used. However, if such
countermeasures are insufficient, the joint structure 1’ is
designed so that the thickness of the composite material
plate 10’ is increased to increase the area of contact por-
tion a’ (bearing area) between the bolt 30 and the com-
posite material plate 10’, whereby the bearing contact

pressure is suppressed under an acceptable value.

[Citation List]

[Patent Literature]

[0006] [PTL1]
JP Sho58-71151A

SUMMARY

[Technical Problem]

[0007] However, in increasing the thickness of the
above composite material plate 10’, there are problems
in production of the composite member, as described
below.
[0008] That is, as schematically illustrated in Fig. 7(a),
the composite material plate 10 is formed by laminating
and uniting composite member forming materials 10a in
the form of sheets containing a fiber and a resin. Thus,
when a composite material plate 10’ having an increased
thickness is formed, as illustrated in close-up in Fig. 7(b),
it is necessary to prepare, in addition to the composite
member forming materials 10a, composite member form-
ing materials 10a’ having a length different from the com-
posite member forming materials 10a, and to laminate
and unite them in a tapered shape. That is, such produc-
tion of the composite material plate 10’ is complex and
costs much.
[0009] Further, there is restriction in the rate of change
of the thickness (angle of gradient of the taper) of the
composite material plate 10’, and it is not possible to
change the thickness of the plate very drastically. Thus,
there is a problem such that a thickness of a part other
than the part of which thickness needs to be increased,
is necessarily increased, whereby additional materials
are required, and the weight of the composite material
plate 10’ is necessarily increased.
[0010] Further, Patent Document 1 discloses a fasten-
er joint structure for a composite material article where
a boss obtained by forming a composite material in a
spiral form is provided at a joint portion of the composite
material article, and a fastener member such as a bolt is
inserted into a joint hole through the boss. However, in
the joint structure of the Patent Document 1, there is a
problem such that it is difficult to provide the boss of a
spiral form at the joint portion of the composite material
article.
[0011] The present invention has been made in view
of the above problems of prior art and is to provide a joint
structure for a composite member which has a structure
being lightweight and obtainable at a low cost, which is
easy to manufacture, and which is resistible against a
large shear load.
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[Solution to Problem]

[0012] The present invention has been made to solve
the above problems and provides a joint structure for a
composite member made from a composite material,
comprising:

a plate for increasing thickness adhered to at least
one side of the composite member;
wherein the composite member and a counterpart
member are fastened together by inserting and fixing
a fastener member into a through-hole formed
through the composite member, the plate for increas-
ing thickness, and the counterpart member to be
joined to the composite member.

[0013] The above joint structure for a composite mem-
ber of the present invention comprises a plate for increas-
ing thickness adhered to at least one side of the com-
posite member. Thus, the bearing area is increased by
the thickness of the plate for increasing thickness, where-
by the bearing contact pressure may be suppressed. In
adhering of such a plate for increasing thickness, there
is less restriction than in increasing the thickness of the
composite member itself, and such a joint structure is
easy to manufacture. Further, the plate for increasing
thickness may be adhered only to a portion where the
thickness is required to be increased, whereby an addi-
tional material may not be necessary, and a light-weight
and low-cost structure may be obtained.
[0014] In the present description, "adhere" means to
adhere a plate for increasing thickness to a composite
member. Specific examples of adhesion method include
a method of adhering the plate for increasing thickness
to the composite member with an adhesive, a method of
stacking the composite member and the plate for increas-
ing thickness via an adhesive and mechanically bonding
them by pressure, and a method of heating the composite
member and the plate for increasing thickness in a state
where they are stacked to unifying them in the case where
the composite member or the plate for increasing thick-
ness contains a thermosetting resin.
[0015] In the above invention, the plate for increasing
thickness may be made from the same composite mate-
rial as the composite member.
[0016] When the plate for increasing thickness is made
from the same composite material as the composite
member, there is no difference in thermal expansion be-
tween the plate for increasing thickness and the compos-
ite member, whereby the adhesion property may be sta-
ble with no influence by thermal stress or thermal defor-
mation associated with a change in temperature.
[0017] In the above invention, the plate for increasing
thickness may be made from a metal material.
[0018] When the plate for increasing thickness is made
from a metal material, a joint structure for a composite
member taking advantage of the properties of the metal
material may be obtained. That is, for example, by making

the plate for increasing thickness from a metal material
having a high ductility and providing a through-hole
formed through the composite member having a diame-
ter larger than the through-hole formed through the plate
for increasing thickness, the bearing contact pressure
may be homogenized among a plurality of fastener mem-
bers, as will be described later.
[0019] In the above invention, the plate for increasing
thickness may be made from a resin-based material hav-
ing a ductility higher than the composite member.
[0020] By making the plate for increasing thickness
from a resin-based material having a ductility higher than
the composite member and providing a through-hole
formed through the composite member having a diame-
ter larger than the through-hole formed through the plate
for increasing thickness, the bearing contact pressure
may be homogenized among a plurality of fastener mem-
bers, as will be described later.
[0021] Further, for example, by employing a metal ma-
terial having a high strength and providing a through-hole
formed through the composite member having a diame-
ter larger than the through-hole formed through the plate
for increasing thickness, it is possible to obtain a structure
resistible against a shear load only by the plate for in-
creasing thickness without bringing the composite mem-
ber into contact with the fastener member.
[0022] In the above invention, it is preferred that the
plate for increasing thickness is adhered to each of both
sides of the composite member.
[0023] When the plate for increasing thickness is ad-
hered to each of both sides of the composite member,
the stress distribution of the composite member may be
uniform as compared with the case where the plate for
increasing thickness is adhered only to one side of the
composite member. Further, the adhesion area between
the plate for increasing thickness and the composite ma-
terial is twice, whereby the shear force acting on the ad-
hesion surface may be reduced by 1/2.

[Advantageous Effects]

[0024] According to the present invention, the bearing
area may be increased by adhering a plate for increasing
thickness to a composite member to prevent an exces-
sive bearing contact pressure from acting. Thus, it is pos-
sible to provide a joint structure for a composite member
which has a structure being lightweight and obtainable
at a low cost, which is easy to manufacture, and which
is resistible against a large shear load, as compared with
a conventional joint structure for a composite member
where the thickness of the composite member itself is
increased.

BRIEF DESCRIPTION OF DRAWINGS

[0025]

[FIG. 1(a)] Fig. 1(a) is a diagram illustrating an em-
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bodiment of the joint structure for a composite mem-
ber according to the present invention.
[FIG. 1(b)] Fig. 1(b) is a diagram illustrating an em-
bodiment of the joint structure for a composite mem-
ber according to the present invention.
[FIG. 2] Fig. 2 is an enlarged cross-sectional view
illustrating portion A in Fig. 1(a).
[FIG. 3(a)] Fig. 3(a) is a diagram illustrating another
embodiment of the joint structure for a composite
member according to the present invention.
[FIG. 3(b)] Fig. 3(b) is a diagram illustrating another
embodiment of the joint structure for a composite
member according to the present invention.
[FIG. 4] Fig. 4 is a chart showing a relationship be-
tween a position of a bolt and a bearing contact pres-
sure.
[FIG.5] Fig. 5 is a cross-sectional view illustrating a
conventional joint structure for a composite member.
[FIG. 6] Fig. 6 is a cross-sectional view illustrating a
conventional joint structure for a composite member.
[FIG.7(a)] Fig. 7(a) is a schematic cross-sectional
view schematically illustrating portion A’ and portion
B’ in Fig. 6.
[FIG.7(b)] Fig. 7(b) is a schematic cross-sectional
view schematically illustrating portion A’ and portion
B’ in Fig. 6.

DETAILED DESCRIPTION

[0026] Embodiments of the present invention will now
be described in detail with reference to the accompanying
drawings.
[0027] It is intended, however, that unless particularly
specified, dimensions, materials, shapes, relative posi-
tions and the like of components described in the em-
bodiments shall be interpreted as illustrative only and not
limitative of the scope of the present invention.
[0028] Fig. 1 is a diagram illustrating an embodiment
of the joint structure for a composite member according
to the present invention, and Fig. 1(a) is a plan view, and
Fig. 1(b) is a cross-sectional view along line a-a.
[0029] As illustrated in Fig. 1, the joint structure for a
composite member 1 according to an embodiment of the
present invention is a joint structure for a composite ma-
terial plate 10 (a composite member) in the shape of a
flat plate made from a composite material, wherein a
counterpart member 20 is joined to the composite mate-
rial plate 10 with a plurality (2 x 4) of bolts 30 and nuts
32 (fastener members).
[0030] In the present description, "a composite mate-
rial" means a fiber-reinforced composite material having
a fiber as a reinforcing material and a resin as a matrix
material. Specific examples thereof include CFRP (car-
bon fiber reinforced plastic), GFRP (glass fiber reinforced
plastic), BFRP (boron fiber reinforced plastic) and AFRP
(aramid fiber reinforced plastic).
[0031] The counterpart member 20 to be joined to the
composite material plate 10 is not particularly limited and

may be a member made from the same composite ma-
terial as the composite material plate 10 or a member
made from another material. In this embodiment, a large
horizontal force H acts on the counterpart member 20,
whereby a shear force acts on the joint surface between
the composite material plate 10 and the counterpart ma-
terial 20. Further, as a reaction force to the shear force
acting on the composite material, a bearing contact pres-
sure acts at the contact portion (portion a in Fig. 1(b))
between the bolt 30 and the composite material plate 10.
[0032] Further, as illustrated in Fig. 1, on the both sides
of the composite material plate 10, plates for increasing
thickness 40a and 40b are adhered, respectively. In this
embodiment, the plates for increasing thickness 40a and
40b are adhered to the both sides of the composite ma-
terial plate with a resin-type adhesive. In the present de-
scription, "adhere" means to adhere a plate for increasing
thickness to a composite member. Specific examples of
adhesion method include, in addition to the above meth-
od of adhesion, a method of stacking the composite mem-
ber and the plate for increasing thickness via an adhesive
and mechanically bonding them by pressure, and a meth-
od of heating the composite member and the plate for
increasing thickness in a state where they are stacked
to unifying them in the case where the composite member
or the plate for increasing thickness contains a thermo-
setting resin.
[0033] Then, as illustrated in Fig. 2, the composite ma-
terial plate 10 and the counterpart member 20 are fas-
tened together by inserting the bolt 30 into a through-
hole 24 formed through the composite material plate 10,
the plates for increasing thickness 40a and 40b, and a
flange 20a of the counterpart member 20, and fixing it by
tightening the nut 32. When the plates for increasing
thickness 40a and 40b are adhered to the composite ma-
terial plate 10 as above, it is possible to increase the
bearing area by the thickness of the plates for increasing
thickness 40a and 40b, thereby to suppress the bearing
contact pressure.
[0034] The plates for increasing thickness 40a and 40b
may be made from the same composite material as the
composite material plate 10, or may be made from a ma-
terial different from the composite material plate 10. A
proper material may be employed in accordance with e.g.
the use of the composite material plate 10. In a case
where the plates for increasing thickness 40a and 40b
are made from a material different from the composite
material plate 10, they are preferably made from a ma-
terial having a ductility higher than the composite material
plate 10 e.g. a metal material or a resin-based material
having a ductility higher than the composite material plate
10, for the reason described later.
[0035] An advantageous point in the case where the
plates for increasing thickness 40a and 40b are made
from the same composite material as the composite ma-
terial plate 10, may, for example, be that there is no dif-
ference in thermal expansion between the composite ma-
terial plate 10, and the plates for increasing thickness
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40a and 40b, whereby the adhesion property may be
stable with no influence by thermal stress or thermal de-
formation associated with a change in temperature.
[0036] Further, an advantageous point in the case
where the plates for increasing thickness 40a and 40b
are made from a metal material, may, for example, be
that a joint structure for a composite material plate 10
taking advantage of the properties of the metal material
may be obtained. Specifically, for example, by making
the plates for increasing thickness 40a and 40b from a
metal material having a high ductility and providing a
through-hole formed through the composite material
plate 10 having a diameter larger than the through-hole
formed through the plates for increasing thickness 40a
and 40b, the bearing contact pressure may be homoge-
nized among the bolts 30a to 30d. Further, an advanta-
geous point in the case where the plates for increasing
thickness 40a and 40b are made from a resin-based ma-
terial having a ductility higher than the composite material
plate 10, may be the same, and by providing a through-
hole formed through the composite material plate 10 hav-
ing a diameter larger than the through-hole formed
through the plates for increasing thickness 40a and 40b,
the bearing contact pressure may be homogenized
among the bolts 30a to 30d. This will be described with
reference to Fig. 3 and Fig. 4.
[0037] Fig. 3 is a diagram illustrating another embod-
iment of the joint structure for a composite member ac-
cording to the present invention, and Fig. 3(a) is a cross-
sectional view, and Fig. 3(b) is an enlarged view of portion
B. Fig. 4 is a chart showing a relationship between a
position of a bolt and a bearing contact pressure, and in
Fig. 4, α is a graph in a case where an inductile material
is employed for the plates for increasing thickness 40a
and 40b, and β is a graph in a case where a material
having a high ductility (e.g. a metal material) is employed
for the plates for increasing thickness 40a and 40b.
[0038] In the joint structure for a composite member
as illustrated in Fig. 3, in the through-hole 26 formed
through the composite material plates 10, the plates for
increasing thickness 40a and 40b, and the flange 20a of
the counterpart member 20, a through-hole 26a of the
composite material plate has a diameter larger than a
diameter of a through-hole 26b of the plates for increasing
thickness 40a and 40b, which is different from the above-
described embodiment.
[0039] As shown by α in Fig. 4, the bearing contact
pressure is largest at the bolt 30a which is in the vicinity
of the position of action of the horizontal force H, and it
becomes smaller as the distance from the position of
action of the horizontal force H becomes larger; however,
in the case of forming the through-hole 26 as described
above and employing a metal material or a resin-based
material having a ductility higher than the composite ma-
terial plate 10 for the plates for increasing thickness 40a
and 40b, in the through-hole 26 into which the bolt 30 is
inserted, the bolt 30a and the through-hole 26b formed
through the plates for increasing thickness 40a and 40b

come into contact with each other, and the plates for in-
creasing thickness 40a and 40b become plastically de-
formed, whereby the diameter of the through-hole 26b is
expanded. This amount of expansion is largest at the
through-hole 26 into which the bolt 30a at which the bear-
ing contact pressure is large, is inserted, and the amount
of expansion is smallest at the through-hole 26 into which
the bolt 30d at which the bearing contact pressure is
small, is inserted. The contact between the bolts 30a to
30d and the plates for increasing thickness 40a and 40b
may thereby be homogenized, and the bearing contact
pressure may be homogenized among the bolts 30a to
30d, as shown by β in Fig. 4. Thus, it is possible to prevent
a concentration of the bearing contact pressure to one
of the bolts 30, thereby to reduce a breakage risk of a
bolt 30.
[0040] Further, in this embodiment, for example, by
employing a metal material having a high strength for the
plates for increasing thickness 40a and 40b, it is possible
to obtain a structure resistant against a shear load only
by the plates for increasing thickness 40a and 40b without
bringing the composite material plate 10 into contact with
the bolt 30.
[0041] In the present invention, as the metal material
used for the plates for increasing thickness 40a and 40b,
a metal material which has a high ductility, a high strength
and a light weight is preferred, and for example, a titanium
alloy, a high-nickel alloy or a cobalt alloy such as MP-
35N (AMS5758) or Inco600 (AMS5687), or a corrosion-
resistant steel such as A286 (AMS5731, AMS5737), may
be particularly preferably used.
[0042] Further, in the present invention, as the resin-
based material used for the plates for increasing thick-
ness 40a and 40b, in the case of employing CFRP for
the composite material plate 10, may, for example, be a
composite material having a ductility higher than CFRP,
such as GFRP or AFRP. Further, as the resin-based ma-
terial according to the present invention, a resin material
which is not fiber-reinforced may also be employed, and
a resin material having a strength equal or more than an
epoxy resin and having a ductility higher than the com-
posite material plate 10, e.g. polycarbonate, may be men-
tioned.
[0043] As described above, the joint structure for a
composite member according to the present invention
comprises the plates for increasing thickness 40a and
40b are adhered to the both sides of the composite ma-
terial plate 10, and the bearing area may be increased
by the thickness of the plates for increasing thickness
40a and 40b, whereby the bearing contact pressure may
be suppressed. In adhering of the plates for increasing
thickness 40a and 40b to the composite material plate
10, there is less restriction than in increasing the thick-
ness of the composite member itself as in conventional
art, and such a joint structure is easy to manufacture.
Further, according to the present invention, the plates for
increasing thickness 40a and 40b may be adhered only
to a portion where the thickness is required to be in-

7 8 



EP 2 799 728 A1

6

5

10

15

20

25

30

35

40

45

50

55

creased, whereby an additional material may not be nec-
essary, and a light-weight and low-cost structure may be
obtained.
[0044] In the above embodiment, the plates for in-
creasing thickness 40a and 40b are adhered to the both
sides of the composite material plate 10. It is preferred
that the plates for increasing thickness 40a and 40b are
adhered to each of both sides of the composite material
plate 10 as above because the stress distribution of the
composite material plate 10 may thereby be uniform as
compared with the case where the plate for increasing
thickness 40 is adhered only to one side of the composite
material plate 10. Further, the adhesion area between
the plate for increasing thickness 40 and the composite
material plate 10 becomes twice, whereby the shear
force acting on one adhesion surface may be reduced
by 1/2.
[0045] However, the joint structure 1 for a composite
member of the present invention is not limited thereto,
and it may be such that the plate for increasing thickness
is adhered to at least one side of the composite member.
[0046] Further, in the above embodiment, an example
of the joint structure 1 for the composite material plate
10 in the shape of a flat plate; however, the composite
member according to the present invention is not limited
to a composite member in the shape of a flat plate, and
it may, for example, be a composite member in the form
of a tube.
[0047] Some preferred embodiments of the present in-
vention are described above; however, the present in-
vention is by no means limited thereto and further mod-
ifications and variations may be made without departing
from the scope of the invention.

[Industrial Applicability]

[0048] The present invention may be applicable in var-
ious industrial fields including aircrafts, ships and auto-
mobiles, as a joint structure for a composite member
made from a composite material.

Claims

1. A joint structure for a composite member made from
a composite material, comprising:

a plate for increasing thickness adhered to at
least one side of the composite member;
wherein the composite member and a counter-
part member are fastened together by inserting
and fixing a fastener member into a through-hole
formed through the composite member, the
plate for increasing thickness, and the counter-
part member to be joined to the composite mem-
ber.

2. The joint structure for a composite member accord-

ing to claim 1, wherein the plate for increasing thick-
ness is made from the same composite material as
the composite member.

3. The joint structure for a composite member accord-
ing to claim 1, wherein the plate for increasing thick-
ness is made from a metal material.

4. The joint structure for a composite member accord-
ing to claim 1, wherein the plate for increasing thick-
ness is made from a resin-based material having a
ductility higher than the composite member.

5. The joint structure for a composite member accord-
ing to claim 3 or 4, wherein the through-hole formed
through the composite member has a diameter larg-
er than a diameter of the through-hole formed
through the plate for increasing thickness.

6. The joint structure for a composite member accord-
ing to any one of claims 1 to 5, wherein the plate for
increasing thickness is adhered to each of both sides
of the composite member.

Amended claims under Art. 19.1 PCT

1. A joint structure for a composite member made
from a composite material, comprising:

a plate for increasing thickness adhered to at
least one side of the composite member;
wherein the composite member and a counter-
part member are fastened together by inserting
and fixing a fastener member into a through-hole
formed through the composite member, the
plate for increasing thickness, and the counter-
part member to be joined to the composite mem-
ber,
the joint structure is configured so that a shear
force acts between the composite member and
the counterpart member, and
a plurality of the fastener member is disposed
along a direction of action of the shear force.

2. The joint structure for a composite member ac-
cording to claim 1, wherein the plate for increasing
thickness is made from the same composite material
as the composite member.

3. The joint structure for a composite member ac-
cording to claim 1, wherein the plate for increasing
thickness is made from a metal material.

4. The joint structure for a composite member ac-
cording to claim 1, wherein the plate for increasing
thickness is made from a resin-based material hav-
ing a ductility higher than the composite member.
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5. The joint structure for a composite member ac-
cording to claim 3 or 4, wherein the through-hole
formed through the composite member has a diam-
eter larger than a diameter of the through-hole
formed through the plate for increasing thickness.

6. The joint structure for a composite member ac-
cording to any one of claims 1 to 5, wherein the plate
for increasing thickness is adhered to each of both
sides of the composite member.
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