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(54) FIBER STRUCTURE FOR FIBER‑REINFORCED COMPOSITE MATERIAL

(57) A fiber structure includes a laminate (20) and a
selvage yarn (40). The laminate (20) includes at least one
warp yarn layer (21) including warp yarns (23) extending
in a first direction (X) and at least two weft yarn layers (22)
including weft yarns (24) extending in a second direction
(Y). At each end section (20a) of the laminate (20), the
selvage yarn (40) is engaged with the weft yarns (24) of

the weft yarn layers (22) located at opposite ends in a
laminating direction (Z). Some of the warp yarns (23) are
binding yarns that bind the warp yarn layer (21) to the weft
yarn layer (22). The selvage yarn (40) is a continuous
yarn. The weft yarns (24) of the weft yarn layers (22)
located at the opposite ends in the laminating direction
(Z) are spun yarns.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a fiber struc-
ture for a fiber-reinforced composite material.

BACKGROUND ART

[0002] Patent Literature 1 discloses a fiber structure
used in fiber-reinforced composite materials. The fiber
structure includes a warp yarn layer and a weft yarn layer.
The warp yarn layer includes warp yarns that extend in a
first direction. The warp yarns are arranged in a second
direction that is orthogonal to the first direction. The weft
yarn layer includes weft yarns that are reinforcing fiber
yarns extending in the second direction. The weft yarns
are arranged in the first direction.
[0003] The fiber structure of Patent Literature 1 in-
cludes a laminate in which the warp yarn layer and the
weft yarn layer are laminated in a laminating direction that
is orthogonal to the first and second directions. The
laminate includes opposite end sections in the second
direction and a general section. The opposite end sec-
tions are formed by multiple weft yarn layers arranged in
the laminating direction. The general section is located
between the opposite end sections in the second direc-
tion. The general section includes binding yarns that bind
the warp yarn layers to the weft yarn layers by engaging
with the weft yarns.
[0004] In the fiber structure disclosed in Patent Litera-
ture 1, it is known to provide selvage yarns that engage
with the weft yarns at the opposite end sections in the
second direction to prevent fraying of the weft yarns at the
opposite end sections in the second direction.

CITATION LIST

Patent Literature

[0005] Patent Literature 1: Japanese Laid-Open Pa-
tent Publication No. 2018‑178299

SUMMARY OF INVENTION

Technical Problem

[0006] When the weft yarns are continuous yarns, the
surfaces of the weft yarns are smooth. As a result, the
selvage yarns are prone to slipping against the weft
yarns. If the selvage yarns shift toward the opposite sides
of the fiber structure in the second direction, fraying
occurs at the opposite end sections of the fiber structure
in the second direction.

Solution to Problem

[0007] An aspect of the present disclosure provides a

fiber structure for a fiber-reinforced composite material.
The fiber structure includes a laminate and a selvage
yarn. The laminate includes at least one warp yarn layer
and at least two weft yarn layers. The warp yarn layer
includes warp yarns extending in a first direction. The
warp yarns are arranged in a second direction that is
orthogonal to the first direction. Each of the weft yarn
layers includes weft yarns that are reinforcing fiber yarns
extending in the second direction. The weft yarns are
arranged in the first direction. The warp yarn layers and
the weft yarn layers are laminated in a laminating direc-
tion that is orthogonal to the first direction and the second
direction. The laminate includes end sections that are
respectively located at opposite ends in the second di-
rection and formed by the weft yarn layers and a general
section located between the end sections in the second
direction. The selvage yarn engages with the weft yarns
of the weft yarn layer located at at least one of opposite
ends in the laminating direction. At least some of the warp
yarns are binding yarns that bind the warp yarn layer to
the weft yarn layer by engaging with the weft yarns in the
general section. The selvage yarn is a continuous yarn.
The weft yarns of the weft yarn layers located at the
opposite ends in the laminating direction are spun yarns.

BRIEF DESCRIPTION OF DRAWINGS

[0008]

Fig. 1 is a perspective view schematically showing a
fiber structure according to a first embodiment.
Fig. 2 is a plan view schematically showing the fiber
structure of Fig. 1.
Fig. 3 is a perspective view schematically showing
the fiber structure according to a second embodi-
ment.
Fig. 4 is a cross-sectional view schematically show-
ing the fiber structure of Fig. 3.

DESCRIPTION OF EMBODIMENTS

First Embodiment

[0009] A fiber structure for a fiber-reinforced composite
material according to a first embodiment will now be
described with reference to Figs. 1 and 2. The fiber
structure for the fiber-reinforced composite material is
a fiber structure used in a fiber-reinforced composite
material. The fiber-reinforced composite material is
formed by combining the fiber structure with a matrix
(not shown). The fiber structure is a reinforcing base
for the fiber-reinforced composite material. The matrix
is, for example, a thermosetting epoxy resin. Hereinafter,
the fiber structure for the fiber-reinforced composite ma-
terial will be simply referred to as the fiber structure.
[0010] As shown in Fig. 1, the fiber structure 10 in-
cludes a laminate 20 and selvage yarns 40.
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Laminate

[0011] The laminate 20 includes warp yarn layers 21
and weft yarn layers 22. The fiber structure 10 of the
present embodiment includes three warp yarn layers 21
and three weft yarn layers 22. The laminate 20 is formed
by laminating the warp yarn layers 21 and the weft yarn
layers 22. The direction in which the warp yarn layers 21
and the weft yarn layers 22 are laminated is referred to as
the laminating direction Z. The laminating direction Z is
orthogonal to a first direction X and a second direction Y,
both of which will be described later.
[0012] Each warp yarn layer 21 includes warp yarns
23. The warp yarns 23 extend in the first direction X. The
warp yarns 23 are arranged in the second direction Y,
which is orthogonal to the first direction X. That is, each
warp yarn layer 21 is formed by arranging, in the second
direction Y, the warp yarns 23 extending in the first
direction X.
[0013] In the present embodiment, of the three warp
yarn layers 21, two warp yarn layers 21 are first warp yarn
layers 21a, and one warp yarn layer 21 is a second warp
yarn layer 21b. Each first warp yarn layer 21a is formed by
arranging first warp yarns 23a, which are the warp yarns
23 extending in the first direction X, in the second direc-
tion Y. The second warp yarn layer 21b is formed by
arranging second warp yarns 23b, which are the warp
yarns 23 extending in the first direction X, in the second
direction Y. The first warp yarns 23a and the second warp
yarns 23b are alternately arranged in the second direc-
tion Y. The warp yarns 23 located at the opposite ends in
the second direction Y are the first warp yarns 23a.
[0014] Each first warp yarn 23a is a reinforcing fiber
yarn. The reinforcing fiber in the present embodiment is
carbon fiber. Each second warp yarn 23b is made of
phenoxy resin. The first warp yarn 23a and the second
warp yarn 23b are continuous yarns formed by bundling
continuous fibers. The second warp yarn 23b is thinner
than the first warp yarn 23a. The first warp yarn 23a
extends straight in the first direction X. The second warp
yarn 23b extends in the first direction X while meandering
in the laminating direction Z. The structure of the second
warp yarn 23b will be described in detail later.
[0015] Each weft yarn layer 22 includes weft yarns 24.
The weft yarns 24 extend straight in the second direction
Y. The weft yarns 24 are arranged in the first direction X.
That is, each weft yarn layer 22 is formed by arranging, in
the first direction X, the weft yarns 24 extending in the
second direction Y. The opposite end sections of the weft
yarn layer 22 in the second direction Y protrude outward
from the warp yarns 23 located at the opposite ends in the
second direction Y, respectively. Each weft yarn 24 is a
reinforcing fiber yarn. The reinforcing fiber in the present
embodiment is carbon fiber.
[0016] The laminate 20 includes two end sections 20a
and a general section 20b.
[0017] The end sections 20a are located at the oppo-
site ends of the laminate 20 in the second direction Y,

respectively. Specifically, the two end sections 20a are
located outward from the warp yarns 23 located at the
opposite ends in the second direction Y, respectively.
Each end section 20a includes multiple weft yarn layers
22 arranged in the laminating direction Z. Specifically, the
two end sections 20a are formed by laminating, in the
laminating direction Z, the opposite end sections of the
weft yarn layers 22 in the second direction Y.
[0018] The weft yarns 24 of the weft yarn layers 22
located at the opposite ends in the laminating direction Z
are spun yarns formed by bundling discontinuous fibers.
The weft yarns 24 of the weft yarn layer 22, other than
those located at the opposite ends in the laminating
direction Z, are continuous yarns. In the present embodi-
ment, the weft yarn layer 22, other than those located at
the opposite ends in the laminating direction Z, refer to
one weft yarn layer 22 positioned between the weft yarn
layers 22 located at the opposite ends in the laminating
direction Z.
[0019] The general section 20b is located between the
two end sections 20a in the second direction Y. The
general section 20b includes multiple warp yarn layers
21 and multiple weft yarn layers 22, which are arranged in
the laminating direction Z. In the general section 20b, the
first warp yarn layers 21a and the weft yarn layers 22 are
alternately laminated in the laminating direction Z. Each
first warp yarn layer 21a is located between the weft yarn
layers 22 in the laminating direction Z. In the general
section 20b, the second warp yarn layers 21b are lami-
nated on the weft yarn layers 22 at the opposite ends in
the laminating direction Z.
[0020] As shown in Fig. 2, each second warp yarn 23b
includes first warp yarn engagement portions 31, second
warp yarn engagement portions 32, and warp yarn con-
nection portions 33.
[0021] Each first warp yarn engagement portion 31
engages with the weft yarns 24 of the weft yarn layer
22 at a first end in the laminating direction Z. The first warp
yarn engagement portion 31 is formed by folding back the
second warp yarn 23b such that it passes outside the weft
yarns 24 of the weft yarn layer 22 located at the first end in
the laminating direction Z. The first warp yarn engage-
ment portion 31 is laminated on the weft yarns 24 of the
weft yarn layer 22 located at the first end in the laminating
direction Z. In the present embodiment, the first warp yarn
engagement portion 31 is engaged with two weft yarns 24
of the weft yarn layer 22 located at the first end in the
laminating direction Z.
[0022] Each second warp yarn engagement portion 32
engages with the weft yarns 24 of the weft yarn layer 22
located at a second end, which is opposite to the first end,
in the laminating direction Z. However, the second warp
yarn engagement portion 32 engages with weft yarns 24
that are adjacent, in the first direction X, to the weft yarns
24 with which the first warp yarn engagement portion 31
are engaged. The second warp yarn engagement portion
32 is formed by folding back the second warp yarns 23b
such that it passes outside the weft yarns 24 of the weft
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yarn layer 22 located at the second end in the laminating
direction Z. The second warp yarn engagement portion
32 is laminated on the weft yarns 24 of the weft yarn layer
22 located at the second end in the laminating direction Z.
In the present embodiment, the second warp yarn en-
gagement portion 32 is engaged with two weft yarns 24 of
the weft yarn layer 22 located at the second end in the
laminating direction Z.
[0023] Each warp yarn connection portion 33 connects
the first warp yarn engagement portion 31 to the second
warp yarn engagement portion 32. The warp yarn con-
nection portion 33 extends in the laminating direction Z
between the weft yarns 24 with which the first warp yarn
engagement portion 31 is engaged and the weft yarns 24
with which the second warp yarn engagement portion 32
is engaged.
[0024] In the second warp yarn 23b, the first warp yarn
engagement portion 31 and the second warp yarn en-
gagement portion 32 are alternately and repeatedly pro-
vided via the warp yarn connection portion 33. The sec-
ond warp yarn 23b is alternately engaged with the weft
yarn 24 of the weft yarn layer 22 located at the first end in
the laminating direction Z and the weft yarn 24 of the weft
yarn layer 22 located at the second end in the laminating
direction Z. In the present embodiment, the second warp
yarn 23b is alternately engaged with two weft yarns 24 of
the weft yarn layer 22 located at the first end in the
laminating direction Z and two weft yarns 24 of the weft
yarn layer 22 located at the second end in the laminating
direction Z.
[0025] Two second warp yarns 23b adjacent to each
other, with one first warp yarn 23a in between, in the
second direction Y are each passed through a different
route and engaged with the weft yarns 24 of the weft yarn
layers 22 located at the opposite ends in the laminating
direction Z. Specifically, the first warp yarn engagement
portion 31 of one of the second warp yarns 23b and the
second warp yarn engagement portion 32 of the other
second warp yarn 23b are arranged side by side in the
second direction Y. Further, the second warp yarn en-
gagement portion 32 of one of the second warp yarns 23b
and the first warp yarn engagement portion 31 of the
other second warp yarn 23b are arranged side by side in
the second direction Y. The first warp yarn engagement
portion 31 of one second warp yarn 23b and the first warp
yarn engagement portion 31 of the other second warp
yarn 23b are shifted from each other in the first direction
X. The second warp yarn engagement portion 32 of one
second warp yarn 23b and the second warp yarn en-
gagement portion 32 of the other second warp yarn 23b
are shifted from each other in the first direction X.
[0026] The second warp yarns 23b are binding yarns
that bind the warp yarn layers 21 to the weft yarn layers 22
by engaging with the weft yarns 24 of the weft yarn layers
22 located at the opposite ends in the laminating direction
Z. Thus, in the present embodiment, some of the warp
yarns 23 are binding yarns that bind the warp yarn layer
21 to the weft yarn layer 22 by engaging with the weft

yarns 24 in the general section 20b. The weft yarns 24
with which the second warp yarn 23b engages in the
general section 20b are the weft yarns 24 of the weft yarn
layer 22 located at the opposite ends in the laminating
direction Z. Thus, the weft yarn 24 with which the second
warp yarn 23b engages is a spun yarn. Further, as men-
tioned above, the second warp yarn 23b is a continuous
yarn. Therefore, the binding yarn that engages with the
weft yarn 24, which is a spun yarn, is a continuous yarn.

Selvage Yarn

[0027] Two selvage yarns 40 are provided at each end
section 20a of the laminate 20. Each selvage yarn 40 is
located outward from the general section 20b in the
second direction Y. The selvage yarn 40 extends in the
first direction X while meandering in the laminating direc-
tion Z. The selvage yarn 40 is made of phenoxy resin. The
selvage yarn 40 is a continuous yarn. The selvage yarn
40 is thinner than the first warp yarn 23a.
[0028] The selvage yarn 40 includes first selvage yarn
engagement portions 41, second selvage yarn engage-
ment portions 42, and selvage yarn connection portions
43.
[0029] Each first selvage yarn engagement portion 41
engages with the weft yarn 24 of the weft yarn layer 22
located at the first end in the laminating direction Z. The
first selvage yarn engagement portion 41 is formed by
folding back the selvage yarn 40 such that it passes
outside the weft yarn 24 of the weft yarn layer 22 located
at the first end in the laminating direction Z. In the present
embodiment, the first selvage yarn engagement portion
41 is engaged with one weft yarn 24 of the weft yarn layer
22 located at the first end in the laminating direction Z.
[0030] Each second selvage yarn engagement portion
42 engages with the weft yarn 24 of the weft yarn layer 22
located at the second end in the laminating direction Z.
However, the second selvage yarn engagement portion
42 engages with a weft yarn 24 that is adjacent, in the first
direction X, to the weft yarn 24 with which the first selvage
yarn engagement portion 41 is engaged. The second
selvage yarn engagement portion 42 is formed by folding
back the selvage yarn 40 such that it passes outside the
weft yarn 24 of the weft yarn layer 22 located at the
second end in the laminating direction Z. In the present
embodiment, the second selvage yarn engagement por-
tion 42 is engaged with one weft yarn 24 of the weft yarn
layer 22 located at the second end in the laminating
direction Z.
[0031] The selvage yarn connection portion 43 con-
nects the first selvage yarn engagement portion 41 to the
second selvage yarn engagement portion 42. The sel-
vage yarn connection portion 43 extends in the laminat-
ing direction Z between the weft yarn 24 with which the
first selvage yarn engagement portion 41 is engaged and
the weft yarn 24 with which the second selvage yarn
engagement portion 42 is engaged.
[0032] In the selvage yarn 40, the first selvage yarn
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engagement portion 41 and the second selvage yarn
engagement portion 42 are alternately and repeatedly
provided via the selvage yarn connection portion 43. The
selvage yarn 40 is alternately engaged with the weft yarn
24 of the weft yarn layer 22 located at the first end in the
laminating direction Z and the weft yarn 24 of the weft
yarn layer 22 located at the second end in the laminating
direction Z. In the present embodiment, the selvage yarn
40 is alternately engaged with each weft yarn 24 of the
weft yarn layer 22 located at the first end in the laminating
direction Z and each weft yarn 24 of the weft yarn layer 22
located at the second end in the laminating direction Z.
[0033] The two selvage yarns 40, which are located at
each end section 20a, are each passed through a differ-
ent route and engaged with the weft yarns 24 of the weft
yarn layers 22 at the opposite ends in the laminating
direction Z. In detail, the first selvage yarn engagement
portion 41 of one selvage yarn 40 and the second selvage
yarn engagement portion 42 of the other selvage yarn 40
are arranged side by side in the second direction Y.
Further, the second selvage yarn engagement portion
42 of one selvage yarn 40 and the first selvage yarn
engagement portion 41 of the other selvage yarn 40
are arranged side by side in the second direction Y.
The first selvage yarn engagement portion 41 of one
selvage yarn 40 and the first selvage yarn engagement
portion 41 of the other selvage yarn 40 are shifted from
each other in the first direction X. The second selvage
yarn engagement portion 42 of one selvage yarn 40 and
the second selvage yarn engagement portion 42 of the
other selvage yarn 40 are shifted from each other in the
first direction X.
[0034] Operation and Advantage of Present Embodi-
ment
[0035] The operation and advantages of the present
embodiment will now be described.

(1) At the end sections 20a of the laminate 20, the
selvage yarns 40 are engaged with the weft yarns 24
of the weft yarn layers 22 located at the opposite
ends in the laminating direction Z. The selvage yarns
40 are continuous yarns. The weft yarns 24 of the
weft yarn layers 22 at the opposite ends in the
laminating direction Z are spun yarns. The surface
coefficient of friction of a spun yarn is greater than
that of a continuous yarn. As a result, the selvage
yarn 40 is less prone to slipping against the weft
yarns 24 of the weft yarn layers 22 located at the
opposite ends in the laminating direction Z. This
limits the shifting of the selvage yarns 40 in the
second direction Y. Consequently, fraying is less
likely to occur at the opposite end sections of the
fiber structure 10 in the second direction Y.
(2) Among the warp yarns 23, the second warp yarns
23b are binding yarns that engage with the weft yarns
24, which are spun yarns. The second warp yarns
23b are continuous yarns. Thus, compared to when
the second warp yarns 23b are spun yarns, the

strength of the fiber-reinforced composite material
is improved.

[0036] For example, there may be a case in which the
selvage yarns 40 are spun yarns and the weft yarns 24 of
the weft yarn layers 22 at the opposite ends in the
laminating direction Z are continuous yarns. In this case,
although the selvage yarns 40 are less prone to slipping
against the weft yarns 24, the second warp yarns 23b,
which are continuous yarns, are more prone to slipping
against the weft yarns 24. In the present embodiment, the
selvage yarns 40 are continuous yarns, and the weft
yarns 24 of the weft yarn layers 22 at the opposite ends
in the laminating direction Z are spun yarns. As a result,
not only are the selvage yarns 40 less prone to slipping
against the weft yarns 24, but the second warp yarns 23b
are also less prone to slipping. Accordingly, not only is the
shifting of the selvage yarns 40 in the second direction Y
limited, but the shifting of the second warp yarns 23b in
the second direction Y is also limited.
[0037] (3) Among multiple weft yarn layers 22, the weft
yarns 24 of the weft yarn layers 22 at the opposite ends in
the laminating direction Z are spun yarns, and the weft
yarns 24 of the other weft yarn layer 22 are continuous
yarns. That is, among multiple weft yarn layers 22, the
weft yarns 24 of the weft yarn layer 22 other than those at
the opposite ends in the laminating direction Z are con-
tinuous yarns. Thus, compared to when the weft yarns 24
of the weft yarn layer 22 other than those at the opposite
ends in the laminating direction Z are also spun yarns, the
strength of the fiber-reinforced composite material is
improved.
[0038] (4) The selvage yarn 40 is alternately engaged
with each weft yarn 24 of the weft yarn layer 22 located at
the first end in the laminating direction Z and each weft
yarn 24 of the weft yarn layer22 located at the second end
in the laminating direction Z. Thus, as compared to when
the selvage yarn 40 is alternately engaged with multiple
weft yarns 24 of the weft yarn layer 22 located at the first
end in the laminating direction Z and multiple weft yarns
24 of the weft yarn layer 22 located at the second end in
the laminating direction Z, the selvage yarn 40 is less
likely to be shifted.

Second Embodiment

[0039] The fiber structure for the fiber-reinforced com-
posite material according to a second embodiment will
now be described with reference to Figs. 3 and 4. In the
second embodiment, the structure of the warp yarn layer
21 mainly differs from that in the first embodiment. The
components that are the same as those in the first em-
bodiment will not be described.
[0040] As shown in Figs 3 and 4, the laminate 20 of the
present embodiment is formed by laminating four warp
yarn layers 21 and six weft yarn layers 22 in the laminat-
ing direction Z.
[0041] Each warp yarn layer 21 of the present embodi-
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ment includes first binding warp yarns 23c, which are
warp yarns 23, and second binding warp yarns 23d,
which are also warp yarns 23. The first binding warp
yarns 23c and the second binding warp yarns 23d extend
in the first direction X. The first binding warp yarns 23c
and the second binding warp yarns 23d are alternately
arranged in the second direction Y. That is, the warp yarn
layer 21 is formed by alternately arranging, in the second
direction Y, the first binding warp yarns 23c and the
second binding warp yarns 23d, which extend in the first
direction X. In the present embodiment, the warp yarns
23 at the opposite ends in the second direction Y are the
first binding warp yarns 23c.
[0042] The first binding warp yarns 23c and the second
binding warp yarns 23d are fiber-reinforced yarns. The
reinforcing fiber in the present embodiment is carbon
fiber. Additionally, the first binding warp yarns 23c and
the second binding warp yarns 23d are continuous yarns.
[0043] The first binding warp yarns 23c are engaged
with the weft yarns 24 of one weft yarn layer 22. In detail,
the first binding warp yarns 23c are engaged with the weft
yarns 24, which are arranged in the first direction X to
form one weft yarn layer 22, by alternately passing
through one side and the other side of the weft yarns
24 in the laminating direction Z relative to the weft yarns
24. The first binding warp yarns 23 are binding yarns that
bind the warp yarn layer 21 to the weft yarn layer 22 by
engaging with the weft yarns 24 in the general section
20b.
[0044] The second binding warp yarns 23d are en-
gaged with the weft yarns 24 of two weft yarn layers 22
on the opposite sides in the laminating direction Z of the
weft yarn layers 22 with which the first binding warp yarns
23c are engaged. Specifically, the second binding warp
yarns 23d are engaged with the weft yarns 24 by alter-
nately passing through the outer side of the weft yarns 24
of the weft yarn layer 22 on one side in the laminating
direction Z relative to the weft yarn layer 22 with which the
first binding warp yarns 23c are engaged and through the
outer side of the weft yarns 24 of the weft yarn layer 22 on
the other side in the laminating direction relative to the
weft yarn layer 22 with which the first binding warp yarns
23c are engaged.The second binding warpyarns 23d are
binding yarns that bind the warp yarn layer 21 to the weft
yarn layer 22 by engaging with the weft yarns 24 in the
general section 20b. Thus, in the present embodiment, all
the warp yarns 23 are binding yarns that bind the warp
yarn layer 21 to the weft yarn layer 22.
[0045] Some of the weft yarns 24 with which the warp
yarns 23 engage in the general section 20b are the weft
yarns 24 of the weft yarn layer 22 located at the opposite
ends in the laminating direction Z. Thus, some of the weft
yarns 24 with which the second warp yarns 23b engage
are spun yarns. As described above, the warp yarns 23
are continuous yarns. Therefore, the binding yarn that
engages with the weft yarn 24, which is a spun yarn, is a
continuous yarn.
[0046] As described in the first embodiment, each weft

yarn layer 22 is formed by arranging, in the first direction
X, multiple weft yarns 24 extending the second direction
Y. In the present embodiment, the number of weft yarns
24 in the weft yarn layer 22 at the opposite ends in the
laminating direction Z is smaller than that of weft yarns 24
in the four weft yarn layers 22 located between the weft
yarn layers 22 at the opposite ends in the laminating
direction Z. The weft yarns 24 of the weft yarn layers
22 at the opposite ends in the laminating direction Z are
arranged such that, in the first direction X, each of them
overlaps in the laminating direction Z with every other
weft yarn 24 of the weft yarn layer 22 located between the
weft yarn layers 22 located at the opposite ends in the
laminating direction Z.
[0047] The second embodiment achieves the same
advantages as the advantages (1) to (4) of the first
embodiment.

Modifications

[0048] Each of the above-described embodiments
may be modified as follows. The above-described em-
bodiments and the following modifications can be com-
bined as long as the combined modifications remain
technically consistent with each other.
[0049] Reinforcing fibers are not limited to carbon fi-
bers. Examples of the reinforcing fibers may include
glass fibers, silicon carbide-based ceramic fibers, aramid
fibers, and ultra-high molecular weight polyethylene fi-
bers.
[0050] In the first embodiment, the number of the weft
yarn layers 22 is not limited to three. The number of weft
yarn layers 22 may be changed as long as there are two
or more layers. The number of the first warp yarn layers
21a is not limited to two. The number of first warp yarn
layers 21a may be changed. However, the first warp yarn
layer 21a needs to be located between the weft yarn
layers 22 in the laminating direction Z. Two or more first
warp yarn layers 21a may be arranged between adjacent
ones of the weft yarn layers 22 in the laminating direction
Z.
[0051] In the first embodiment, the first warp yarn 23a is
not limited to a reinforcing fiber yarn. The first warp yarn
23a may be, for example, ayarn made ofphenoxy resin or
nylon. The second warp yarn 23b does not have to be
made of phenoxy. The second warp yarn 23b may be, for
example, a yarn made of nylon or a reinforcing fiber yarn.
When the first warp yarn 23a and the second warp yarn
23b are not reinforcing fiber yarns, the fiber structure 10 is
a unidirectional fiber structure for a fiber-reinforced com-
posite material that is reinforced only in the second
direction Y by the weft yarns 24, which are reinforcing
fibers.
[0052] In the first embodiment, the first warp yarn 23a
may be a spun yarn.
[0053] In the first embodiment, the second warp yarn
23b may be a spun yarn.
[0054] In the first embodiment, the second warp yarn
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23b may be alternately engaged with each weft yarn 24 of
the weft yarn layer 22 located at the first end in the
laminating direction Z and each weft yarn 24 of the weft
yarn layer 22 located at the second end in the laminating
direction Z. The second warp yarn 23b may be alternately
engaged with three weft yarns 24 of the weft yarn layer 22
located at the first end in the laminating direction Z and
three weft yarns 24 of the weft yarn layer 22 located at the
second end in the laminating direction Z.
[0055] In the first embodiment, two second warp yarns
23b that engage with the weft yarns 24 by each passing
through a different route may be arranged between ad-
jacent ones of the first warp yarns 23a in the second
direction Y.
[0056] In the second embodiment, the number of weft
yarn layers 22 is not limited to six. The number of weft
yarn layers 22 may be changed as long as there are two
or more layers. The number of warp yarn layers 21 is not
limited to four. The number of warp yarn layers 21 may be
changed within the range where the warp yarns 23 can
bind the warp yarn layers 21 to the weft yarn layers 22.
[0057] In the second embodiment, the warp yarn 23 is
not limited to a reinforcing fiber yarn. The warp yarn 23
may be, for example, a yarn made of phenoxy resin or
nylon. In this case, the fiber structure 10 is a unidirectional
fiber structure for a fiber-reinforced composite material
that is reinforced only in the second direction Y by the weft
yarns 24, which are reinforcing fiber yarns.
[0058] In the second embodiment, the warp yarn 23
may be a spun yarn.
[0059] In the second embodiment, the warp yarns 23 at
the opposite ends in the second direction Y may be the
second binding warp yarns 23d. The warp yarns 23 at one
end in the second direction Y may be the first binding
warp yarns 23c, and the warp yarns 23 at the other end in
the second direction Y may be the second binding warp
yarns 23d.
[0060] In each embodiment, the weft yarns 24 of the
weft yarn layers 22, except for the weft yarn layers 22 at
the opposite ends in the laminating direction Z, may also
be spun yarns.
[0061] In each embodiment, the selvage yarn 40 may
be made of material other than phenoxy. The selvage
yarn 40 may be, for example, a nylon yarn or a reinforcing
fiber yarn.
[0062] In each embodiment, the selvage yarn 40 may
be engaged only with the weft yarns 24 of the weft yarn
layer 22 at the first end in the laminating direction Z. In this
case, the selvage yarn 40 is not engaged with the weft
yarns 24 of the weft yarn layer 22 at the second end in the
laminating direction Z, as it is folded back at an inter-
mediate point in the laminating direction Z. As another
example, the selvage yarn 40 may be engaged only with
the weft yarns 24 of the weft yarn layer 22 at the second
end in the laminating direction Z. In this case, the selvage
yarn 40 is not engaged with the weft yarns 24 of the weft
yarn layer 22 at the first end in the laminating direction Z,
as it is folded back at an intermediate point in the laminat-

ing direction Z. In other words, it is sufficient for the
selvage yarn 40 to be engaged with the weft yarn 24 of
the weft yarn layer 22 located at at least one end in the
laminating direction Z. The phrase "at least one end in the
laminating direction" refers to either only one end, only
the other end, or the opposite ends in the laminating
direction.
[0063] In each embodiment, the selvage yarn 40 does
not have to be alternately engaged with each weft yarn 24
of the weft yarn layer 22 located at the first end in the
laminating direction Z and each weft yarn 24 of the weft
yarn layer 22 located at the second end in the laminating
direction Z. Instead, the selvage yarn 40 may be alter-
nately engaged with multiple weft yarns 24 of the weft
yarn layer 22 located at the first end in the laminating
direction Z and multiple weft yarns 24 of the weft yarn
layer 22 located at the second end in the laminating
direction Z.
[0064] The matrix is not limited to epoxy resin. The
matrix may be another thermosetting resin such as vinyl
ester resin, unsaturated polyester resin, or phenolic re-
sin. Alternatively, the matrix may be a thermoplastic resin
such as polyamide, polybutylene terephthalate, polycar-
bonate, polyethylene, polypropylene, polyimide resin, or
ABS resin.

Claims

1. A fiber structure for a fiber-reinforced composite
material, the fiber structure comprising:

a laminate including at least one warp yarn layer
and at least two weft yarn layers, wherein the
warp yarn layer includes warp yarns extending
in a first direction, the warp yarns are arranged in
a second direction that is orthogonal to the first
direction, each of the weft yarn layers includes
weft yarns that are reinforcing fiber yarns ex-
tending in the second direction, the weft yarns
are arranged in the first direction, the warp yarn
layer and the weft yarn layers are laminated in a
laminating direction that is orthogonal to the first
direction and the second direction, the laminate
includes end sections that are respectively lo-
cated at opposite ends in the second direction
and formed by the weft yarn layers and a general
section located between the end sections in the
second direction; and
a selvage yarn that engages with the weft yarns
of the weft yarn layer located at at least one of
opposite ends in the laminating direction,
wherein
at least some of the warp yarns are binding yarns
that bind the warp yarn layer to the weft yarn
layer by engaging with the weft yarns in the
general section,
the selvage yarn is a continuous yarn, and
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the weft yarns of the weft yarn layers located at
the opposite ends in the laminating direction are
spun yarns.

2. The fiber structure for the fiber-reinforced composite
material according to claim 1, wherein
the binding yarns that engage with the weft yarns are
continuous yarns, the weft yarns being spun yarns.

3. The fiber structure for the fiber-reinforced composite
material according to claim 1 or 2, wherein
the weft yarns of the weft yarn layer, other than the
weft yarn layers located at the opposite ends, in the
laminating direction, are continuous yarns.

4. The fiber structure for the fiber-reinforced composite
material according to claim 3, wherein
the selvage yarn is alternately engaged with each of
the weft yarns of the weft yarn layer located at one of
the opposite ends in the laminating direction and
each of the weft yarns of the weft yarn layer located
at the other one of the opposite ends in the laminating
direction.
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