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Description
TECHNICAL FIELD

[0001] The presentinventionrelates to afiber structure
that is configured by multiple laminates.

BACKGROUND ART

[0002] Fiber-reinforced composites have beenusedas
a light-weight, high-strength material. The fiber-rein-
forced composites include reinforcement fibers com-
bined with a matrix such as resin and metal. This im-
proves the dynamic property (mechanical property) of
the fiber-reinforced composites compared with the matrix
itself. The fiber-reinforced composites are therefore pref-
erable as a structural component. In particular, resin is
preferably used as the matrix since the weight of the
structural component will be reduced.

[0003] A fiber structure is used as the base material of
such a fiber-reinforced composite. The fiber structure in-
cludes a structure in which yarn main axes of reinforce-
ment fiber yarns extend in two directions at 0 degrees
and 90 degrees to increase the dynamic property in two
directions when the fiber structure is used in the fiber-
reinforced composite. Such a biaxial fiber structure is pro-
duced by stacking fiber layers in which reinforcement fib-
er yarns are oriented in one direction in such a manner
that the yarn main axis of the reinforcement fiber yarns
of one fiber layer is orthogonal to the yarn main axis of
the reinforcement fiber yarns of another fiber layer.
[0004] Patent Document 1 discloses a fabric base ma-
terial configured by fiber layers in which the reinforce-
ment fiber yarns are oriented in one direction. The fabric
base material is constituted by stacking two fiber layers.
Each fiber layer includes reinforced fiber warps, which
are arranged parallel to each other, and auxiliary yarns,
each of which is arranged between the adjacent rein-
forced fiber warps and extends in the same direction as
the reinforced fiber warps. The reinforced fiber warps of
each fiber layer extend in the same direction as the re-
inforced fiber warps of the other fiber layer and are shifted
in an arrangement direction in a state in which the rein-
forced fiber warps partially overlap the reinforced fiber
warps of the other fiber layer. In each fiber layer, the
reinforced fiber warps and the auxiliary yarns are joined
with intralayer structural yarns. The fiber layers are joined
with intermediate structural yarns to form a unidirectional
fabric base material.

[0005] Producing a biaxial fiber structure by stacking
the fabric base material disclosed in Patent Document 1
has been considered. In this case, first, multiple fabric
base materials are stacked in such a manner that the
yarn main axis of the reinforced fiber warps of one of the
fabric base materials is orthogonal to the yarn main axis
of the reinforced fiber warps of another fabric base ma-
terial. The fabric base materials are then joined in the
stacking direction with joining yarns prepared separately.
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As aresult, the biaxial fiber structure is produced in which
the directions of the yarn main axes of the reinforced fiber
warps are at 0 degrees and 90 degrees.

[0006] However, to produce the above-described bi-
axial fiber structure, it is necessary to produce at least
two fabric base materials and to join the two fabric base
materials with separate yarns. It takes a lot of trouble
joining the fabric base materials in the stacking direction
and thus increases the manufacturing costs.

PRIOR ART DOCUMENT
Patent Document

[0007] Patent Document 1: Japanese Laid-Open Pat-
ent Publication No. 2013-133555

SUMMARY OF THE INVENTION
Problems that the Invention is to Solve

[0008] Accordingly, itis an objective of the present in-
vention to provide a fiber structure that allows a biaxial
fiber structure to be easily produced.

Means for Solving the Problems

[0009] To achieve the foregoing objective and in ac-
cordance with a first aspect of the present invention, a
fiber structure including a plurality of laminates is provid-
ed. The laminates each include a plurality of stacked fiber
layers. The fiber layers each include reinforcement fiber
yarns, auxiliary yarns, and intralayer structural yarns. The
reinforcement fiber yarns and the auxiliary yarns are ar-
ranged alternately. The intralayer structural yarns join
the reinforcement fiber yarns and the auxiliary yarns to-
gether in an arrangement direction. In each laminate:
yarn main axis directions of the reinforcement fiber yarns
and the auxiliary yarns of each of the fiber layers are the
same; the reinforcement fiber yarns are arranged in such
amanner that the relative positions are shifted in a stack-
ing direction of the fiber layers with the reinforcement
fiber yarns overlapping each other; the auxiliary yarns
are arranged in such a manner that the relative positions
are shifted; and the fiber layers are joined with interme-
diate structural yarns engaged with the auxiliary yarns
located on opposite ends in the stacking direction. The
laminates are arranged such that: a yarn main axis of the
reinforcement fiber yarns of each laminate is orthogonal
to a yarn main axis of the reinforcement fiber yarns of
another laminate; and a yarn main axis of the auxiliary
yarns of each laminate is orthogonal to a yarn main axis
of the auxiliary yarns of another laminate. The laminates
are joined together in the stacking direction by an en-
gagement between at least one of a set of the intralayer
structural yarns and a set of the intermediate structural
yarns of the laminate in which the yarn main axis extends
in one direction and at least one of a set of the intralayer
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structural yarns and a set of the intermediate structural
yarns of the laminate in which the yarn main axis extends
in another direction.

[0010] To achieve the foregoing objective and in ac-
cordance with a second aspect of the present invention,
a fiber-reinforced composite in which a fiber structure is
impregnated with a matrix resin is provided. The fiber
structure includes a plurality of laminates. The laminates
each include a plurality of stacked fiber layers. The fiber
layers each include reinforcement fiber yarns, auxiliary
yarns, and intralayer structural yarns. The reinforcement
fiber yarns and the auxiliary yarns are arranged alter-
nately. The intralayer structural yarns join the reinforce-
ment fiber yarns and the auxiliary yarns together in an
arrangement direction. In each laminate: yarn main axis
directions of the reinforcement fiber yarns and the aux-
iliary yarns of each of the fiber layers are the same; the
reinforcement fiber yarns are arranged in such a manner
that the relative positions are shifted in a stacking direc-
tion of the fiber layers with the reinforcement fiber yarns
overlapping each other; the auxiliary yarns are arranged
in such a manner that the relative positions are shifted;
andthefiberlayers are joined with intermediate structural
yarns engaged with the auxiliary yarns located on oppo-
site ends in the stacking direction. The laminates are ar-
ranged such that: a yarn main axis of the reinforcement
fiber yarns of each laminate is orthogonal to a yarn main
axis of the reinforcement fiber yarns of another laminate;
and a yarn main axis of the auxiliary yarns of each lam-
inate is orthogonal to a yarn main axis of the auxiliary
yarns of another laminate. The laminates are joined to-
gether in the stacking direction by an engagement be-
tween at least one of a set of the intralayer structural
yarns and a set of the intermediate structural yarns of
the laminate in which the yarn main axis extends in one
direction and at least one of a set of the intralayer struc-
tural yarns and a set of the intermediate structural yarns
of the laminate in which the yarn main axis extends in
another direction.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

Fig. 1 is a partial diagrammatic perspective view of
a fiber structure according to a first embodiment of
the present invention.

Fig. 2 is a cross-sectional view taken along line 2-2
of Fig. 1.

Fig. 3 is a cross-sectional view taken along line 3-3
of Fig. 1.

Fig. 4 is a partial front view of the fiber structure ac-
cording to the first embodiment.

Fig. 5 is a partial diagrammatic perspective view of
a fiber structure according to a second embodiment
of the present invention.

Fig. 6 is a cross-sectional view taken along line 6-6
of Fig. 5.
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Fig. 7 is a cross-sectional view taken along line 7-7
of Fig. 5.

Fig. 8 is a partial front view of the fiber structure ac-
cording to the second embodiment.

Fig. 9 is a partial diagrammatic perspective view of
a fiber structure according to a third embodiment of
the present invention.

Fig. 10 is a cross-sectional view taken along line
10-10 of Fig. 9.

Fig. 11 is a cross-sectional view taken along line
11-11 of Fig. 9.

Fig. 12 is a partial front view of the fiber structure
according to the third embodiment.

MODES FOR CARRYING OUT THE INVENTION
First Embodiment

[0012] Afiberstructure according to afirstembodiment
of the present invention will now be described with ref-
erence to Figs. 1 to 4.

[0013] As shown in Figs. 1 to 3, a fiber structure 10 is
formed by stacking a first laminate 13 and a second lam-
inate 20 and joining the first and second laminates 13,
20 in the stacking direction.

[0014] The first laminate 13 is a laminate of two first
fiber layers 14. The two first fiber layers 14 are joined in
the stacking direction with first intermediate structural
yarns 16.

[0015] Each first fiber layer 14 includes reinforcement
fiber yarns, which are first reinforcement fiber yarns 11
in this embodiment, auxiliary yarns, which are first aux-
iliary yarns 12 in this embodiment, and first intralayer
structural yarns 15, which join the first reinforcement fiber
yarns 11 and thefirstauxiliary yarns 12in an arrangement
direction. In each first fiber layer 14, the first reinforce-
ment fiber yarns 11 and the first auxiliary yarns 12 are
arranged alternately. Additionally, in each first fiber layer
14, the first reinforcement fiber yarns 11 are arranged
parallel to each other, the first auxiliary yarns 12 are ar-
ranged parallel to each other, and the first reinforcement
fiberyarns 11 and the firstauxiliary yarns 12 are arranged
parallel to each other.

[0016] In the first fiber layers 14, each first intralayer
structural yarn 15 is engaged with the upper surface or
the lower surface of the first reinforcement fiber yarns 11
and is engaged with the lower surface or the upper sur-
face of the first auxiliary yarns 12. Each first intralayer
structural yarn 15 extends in the arrangement direction
of the first reinforcement fiber yarns 11 and the first aux-
iliary yarns 12 while being alternately folded back with
respect to the first reinforcement fiber yarns 11 and the
first auxiliary yarns 12. The term "reinforcement fiber" of
thefirstreinforcementfiberyarn 11 refersto afiberbundle
that reinforces the matrix of the fiber-reinforced compos-
ite when the fiber structure 10 is used as the reinforced
base material of the fiber-reinforced composite. The first
reinforcement fiber yarns 11 have the same thickness.
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The first auxiliary yarns 12 are fiber bundles thinner than
the first reinforcement fiber yarns 11.

[0017] As shown in Figs. 1 and 4, the two first fiber
layers 14 of the first laminate 13 are stacked and joined
together in the stacking direction with the first intermedi-
ate structural yarns 16.

[0018] As shown in Figs. 2 and 3, each first intermedi-
ate structural yarn 16 is arranged between the first intra-
layer structural yarns 15 that are adjacent to each other
in the direction of the yarn main axis of the first reinforce-
ment fiber yarns 11, and the first intermediate structural
yarns 16 are arranged parallel to each other. As shown
in Fig. 4, each first intermediate structural yarn 16 is en-
gaged with the upper surface of one of the first auxiliary
yarns 12 of the upper first fiber layer 14 located on one
end in the stacking direction, is folded back, and then
extends in the stacking direction. Subsequently, each
first intermediate structural yarn 16 is engaged with the
lower surface of one of the second intermediate structural
yarns 26 below one of the first auxiliary yarns 12 of the
lower first fiber layer 14 located on the other end in the
stacking direction and is then folded back. Each first in-
termediate structural yarn 16 extends in the arrangement
direction while repeating engagement with the first aux-
iliary yarns 12 and the second intermediate structural
yarns 26. This joins the two first fiber layers 14 in the
stacking direction.

[0019] In the first laminate 13, the first reinforcement
fiber yarns 11 are arranged to partially overlap each other
in the width direction of the first reinforcement fiber yarns
11 in the plan view. Additionally, in the first laminate 13,
the first reinforcement fiber yarns 11 are arranged in a
staggered manner by shifting the relative positions of the
first reinforcement fiber yarns 11 in the stacking direction.
Furthermore, in the first laminate 13, the first auxiliary
yarns 12 are also arranged in a staggered manner by
shifting the relative positions of the first auxiliary yarns
12 in the stacking direction.

[0020] As shown in Figs. 1 to 3, the second laminate
20 is a laminate of two second fiber layers 24 and is
formed by joining the two second fiber layers 24 in the
stacking direction with second intermediate structural
yarns 26.

[0021] Each second fiber layer 24 includes reinforce-
ment fiber yarns, which are second reinforcement fiber
yarns 21 in this embodiment, auxiliary yarns, which are
second auxiliary yarns 22 in this embodiment, and sec-
ond intralayer structural yarns 25, which join the second
reinforcement fiber yarns 21 and the second auxiliary
yarns 22 in the arrangement direction. In each second
fiber layer 24, the second reinforcement fiber yarns 21
andthe second auxiliary yarns 22 are arranged alternate-
ly. Additionally, in each second fiber layer 24, the second
reinforcementfiberyarns 21 are arranged parallel toeach
other, the second auxiliary yarns 22 are arranged parallel
to each other, and the second reinforcement fiber yarns
21 and the second auxiliary yarns 22 are arranged par-
allel to each other.
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[0022] In the second fiber layers 24, each second in-
tralayer structural yarn 25 is engaged with the upper sur-
face or the lower surface of the second reinforcement
fiber yarns 21 and is engaged with the lower surface or
the upper surface of the second auxiliary yarns 22. Each
second intralayer structural yarn 25 extends in the ar-
rangement direction of the second reinforcement fiber
yarns 21 and the second auxiliary yarns 22 while being
alternately folded back with respect to the second rein-
forcement fiber yarns 21 and the second auxiliary yarns
22. The second reinforcement fiber yarns 21 are the
same yarns as the first reinforcement fiber yarns 11, and
the second auxiliary yarns 22 are the same yarns as the
first auxiliary yarns 12.

[0023] As shownin Figs. 3 and 4, the two second fiber
layers 24 of the second laminate 20 are stacked and
joined together in the stacking direction with the second
intermediate structural yarns 26. Each second interme-
diate structural yarn 26 is arranged between the second
intralayer structural yarns 25 that are adjacent to each
other in the direction of the yarn main axis of the second
reinforcement fiber yarns 21, and the second intermedi-
ate structural yarns 26 are arranged parallel to each oth-
er. Each second intermediate structural yarn 26 is en-
gaged with the upper surface of one of the first interme-
diate structural yarns 16 above one of the second auxil-
iary yarns 22 of the upper second fiber layer 24 located
on one end in the stacking direction, is folded back, and
then extends in the stacking direction. Subsequently,
each second intermediate structural yarn 26 is engaged
with the lower surface of one of the second auxiliary yarns
22 of the lower second fiber layer 24 located on the other
end in the stacking direction and is then folded back.
Each second intermediate structural yarn 26 extends in
the arrangement direction while repeating engagement
with the firstintermediate structural yarns 16 and the sec-
ond auxiliary yarns 22. This joins the two second fiber
layers 24 together in the stacking direction.

[0024] Inthe secondlaminate 20, the second reinforce-
ment fiberyarns 21 are arranged to partially overlap each
other in the width direction of the second reinforcement
fiberyarns 21 in the plan view. Additionally, in the second
laminate 20, the second reinforcement fiber yarns 21 are
arranged in a staggered manner by shifting the relative
positions of the second reinforcement fiber yarns 21 in
the stacking direction. Furthermore, in the second lami-
nate 20, the second auxiliary yarns 22 are also arranged
in a staggered manner by shifting the relative positions
of the second auxiliary yarns 22 in the stacking direction.
[0025] AsshowninFig. 1,the direction of the yarn main
axis of the first reinforcement fiber yarns 11 in the first
laminate 13 is defined as a first yarn main axis direction
Y1. The orientation angle of the first reinforcement fiber
yarns 11 is defined as 0 degrees. The direction of the
yarn main axis of the second reinforcement fiber yarns
21 in the second laminate 20 is defined as a second yarn
main axis direction Y2. The yarn main axis of the first
reinforcement fiber yarns 11 in the first laminate 13 in-
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tersects the yarn main axis of the second reinforcement
fiber yarns 21 in the second laminate 20 at 90 degrees,
that is, the yarn main axis of the first reinforcement fiber
yarns 11 in the first laminate 13 is orthogonal to the yarn
main axis of the second reinforcement fiber yarns 21 in
the second laminate 20. The fiber structure 10 has a bi-
axial fiber structure of 0 degrees and 90 degrees. In the
fiber structure 10, the first laminate 13, in which the yarn
main axis of the first reinforcement fiber yarns 11 extends
in one direction (the first yarn main axis direction Y1),
and the second laminate 20, in which the yarn main axis
of the second reinforcement fiber yarns 21 extends in the
other direction (the second yarn main axis direction Y2),
are joined together in the stacking direction. The first lam-
inate 13 and the second laminate 20 are joined together
in the stacking direction by the engagement between the
first intermediate structural yarns 16 of the first laminate
13 and the second intermediate structural yarns 26 of
the second laminate 20.

[0026] As shown in Figs. 3 and 4, each first intermedi-
ate structural yarn 16 of the first laminate 13 extends to
a position between the first reinforcement fiber yarns 11
of the lower first fiber layer 14 and the second laminate
20 and is folded back. Each second intermediate struc-
tural yarn 26 of the second laminate 20 extends to a po-
sition between the second reinforcement fiber yarns 21
of the upper second fiber layer 24 and the first laminate
13 and is folded back. Each first intermediate structural
yarn 16 of the first laminate 13 is orthogonal to and en-
gaged with the second intermediate structural yarns 26
of the second laminate 20 at positions between the lam-
inates 13, 20.

[0027] The above-described fiber structure 10 is
shaped and preformed. Subsequently, the fiber structure
10 is impregnated with a liquid thermosetting resin (ma-
trix) by, for example, a resin transfer molding (RTM)
method and the liquid thermosetting resin is cured to form
the fiber-reinforced composite.

[0028] Operation of the fiber structure 10 will now be
described.

[0029] The first laminate 13 and the second laminate
20 ofthefiber structure 10 are joined togetherin the stack-
ing direction using the first intermediate structural yarns
16 of the first laminate 13 and the second intermediate
structural yarns 26 of the second laminate 20.

[0030] The above-described embodiment achieves
the following advantages.

(1) When the fiber structure 10 is produced using a
loom, the manner in which the first intermediate
structural yarns 16 and the second intermediate
structural yarns 26 are fed is controlled to engage
the firstintermediate structural yarns 16 with the sec-
ond intermediate structural yarns 26. The engage-
ment joins the first laminate 13 and the second lam-
inate 20 together in the stacking direction. This al-
lows foreasy production using the loom, of the biaxial
fiber structure 10, in which the yarn main axis of the
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first reinforcement fiber yarns 11 in the first laminate
13 (thefirst yarn main axis direction Y1) is orthogonal
to the yarn main axis of the second reinforcement
fiber yarns 21 in the second laminate 20 (the second
yarn main axis direction Y2). Consequently, the bi-
axial fiber structure 10 is easily produced compared
with, forexample, amethodin which the firstlaminate
13 and the second laminate 20 are separately pro-
duced, and the first laminate 13 and the second lam-
inate 20 are joined in the stacking direction using
separate yarns in the subsequent process.

(2) In the fiber structure 10, the first reinforcement
fiber yarns 11 and the second reinforcement fiber
yarns 21 extend straight and do not curve or bend.
This prevents a decrease in the dynamic property in
the first yarn main axis direction Y1 and the second
yarn main axis direction Y2 of the fiber-reinforced
composite that includes the fiber structure 10 as the
reinforced base material.

(3) The first intermediate structural yarns 16 of the
first laminate 13 join the two first fiber layers 14 of
the first laminate 13 together in the stacking direc-
tion. The second intermediate structural yarns 26 of
the second laminate 20 join the two second fiber lay-
ers 24 of the second laminate 20 in the stacking di-
rection. Thus, the intermediate structural yarns 16,
26 perform the above-mentioned two joining proc-
esses without increasing the yarns to be used.

(4) The fiber layers 14 of the first laminate 13 can be
joined together by the engagementbetween the aux-
iliary yarns 12 of the fiber layers 14 and the interme-
diate structural yarns 16. The the fiber layers 24 of
the second laminate 20 can be joined together by
the engagement between the auxiliary yarns 22 of
the fiber layers 24 and the intermediate structural
yarns 26. The first laminate 13 and the second lam-
inate 20 can be joined together in the stacking direc-
tion by the engagement between the first intermedi-
ate structural yarns 16 and the second intermediate
structural yarns 26. That is, the laminates and the
fiber layers of the fiber structure 10 can be joined
together in the stacking direction by the engagement
between the yarns other than the first reinforcement
fiber yarns 11 and the second reinforcement fiber
yarns 21. This prevents the first reinforcement fiber
yarns 11 and the second reinforcement fiber yarns
21 from bending or curving due to the joining of the
laminates and the fiber layers of the fiber structure
10 in the stacking direction. Thus, the dynamic prop-
erty in the yarn main axis directions Y1, Y2 of the
fiber-reinforced composite that uses the fiber struc-
ture 10 is not decreased.

Second Embodiment
[0031] A fiber structure 10 according to a second em-

bodiment will now be described with reference to Figs. 5
to 8. The detailed description of the configuration of the
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second embodiment that is the same as the first embod-
iment will be omitted.

[0032] As shownin Fig. 5, in the fiber structure 10 ac-
cording to the second embodiment, the first laminate 13
and the second laminate 20 are joined together in the
stacking direction by the engagement between the first
intralayer structural yarns 15 of the first laminate 13 and
the second intralayer structural yarns 25 of the second
laminate 20.

[0033] As shown in Figs. 6 and 7, the first intralayer
structural yarns 15 of one of the first fiber layers 14 of
the first laminate 13 that is located close to the second
laminate 20 is defined as first engaging intralayer struc-
tural yarns 15a. The second intralayer structural yarns
25 of one of the second fiber layers 24 of the second
laminate 20 that is located close to the first laminate 13
is defined as second engaging intralayer structural yarns
25a.

[0034] In the vicinity of the boundary between the first
laminate 13 and the second laminate 20, each second
engaging intralayer structural yarn 25a engages with the
first engaging intralayer structural yarns 15a from above
and engages with the second auxiliary yarns 22 that are
adjacent in the arrangement direction from below. The
first engaging intralayer structural yarns 15a are located
above the second reinforcement fiber yarns 21 of the
second fiber layer 24. With this configuration, the second
engaging intralayer structural yarns 25a join the second
reinforcement fiber yarns 21 of the second fiber layer 24
in the arrangement direction together with the first en-
gaging intralayer structural yarns 15a.

[0035] As shown in Fig. 8, in the first laminate 13, the
two first fiber layers 14 are joined togetherin the stacking
direction with the first intermediate structural yarns 16.
In the second laminate 20, the two second fiber layers
24 are joined together in the stacking direction with the
second intermediate structural yarns 26. The first lami-
nate 13 and the second laminate 20 are joined together
in the stacking direction by the engagement between the
first engaging intralayer structural yarns 15a and the sec-
ond engaging intralayer structural yarns 25a.

[0036] In addition to the advantages (1) and (2) of the
first embodiment, the second embodiment achieves the
following advantage.

(5) In the vicinity of the boundary between the first
laminate 13 and the second laminate 20, the first
fiber layer 14 and the second fiber layer 24 that are
adjacent in the stacking direction are joined together
with each other using the engaging intralayer struc-
tural yarns 15a, 25a. Thus, the first laminate 13 and
the second laminate 20 are joined together at a po-
sition close to each other in the stacking direction.
Thus, the first and second laminates 13, 20 are se-
curely joined.
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Third Embodiment

[0037] A fiber structure 10 according to a third embod-
iment will now be described with reference to Figs. 9 to
12. The detailed description of the configuration of the
third embodiment that is the same as the first embodi-
ment will be omitted.

[0038] AsshowninFigs.9and 12, in the fiber structure
10 according to the third embodiment, the first laminate
13 and the second laminate 20 are joined together in the
stacking direction by the engagement between the first
intralayer structural yarns 15 and the second intralayer
structural yarns 25 and the engagement between the first
intermediate structural yarns 16 and the second interme-
diate structural yarns 26.

[0039] As showninFigs. 10 and 11, the first intralayer
structural yarns 15 of one of the first fiber layers 14 of
the first laminate 13 that is located close to the second
laminate 20 is defined as the first engaging intralayer
structural yarns 15a. The second intralayer structural
yarns 25 of one of the second fiber layers 24 of the second
laminate 20 that is located close to the first laminate 13
is defined as the second engaging intralayer structural
yarns 25a.

[0040] Asshownin Figs. 9 and 12, in the vicinity of the
boundary between the first laminate 13 and the second
laminate 20, each second engaging intralayer structural
yarn 25a engages with the first engaging intralayer struc-
tural yarns 15a from above and engages with the second
auxiliary yarns 22 that are adjacent in the arrangement
direction from below. The first engaging intralayer struc-
tural yarns 15a are located above the second reinforce-
ment fiber yarns 21 of the second fiber layer 24. With this
configuration, the second engaging intralayer structural
yarns 25a join the second reinforcement fiber yarns 21
of the second fiber layer 24 in the arrangement direction
together with the first engaging intralayer structural yarns
15a.

[0041] Each first intermediate structural yarn 16 of the
first laminate 13 extends to a position between the first
reinforcement fiber yarns 11 of the lower first fiber layer
14 and the second laminate 20 and is folded back. Each
second intermediate structural yarn 26 of the second lam-
inate 20 extends to a position between the second rein-
forcement fiber yarns 21 of the upper second fiber layer
24 and the first laminate 13 and is folded back. Each first
intermediate structural yarn 16 of the first laminate 13 is
orthogonal to and engaged with the second intermediate
structural yarns 26 of the second laminate 20 at positions
between the laminates 13, 20.

[0042] In addition to the advantages (1) and (2) of the
first embodiment, the third embodiment achieves the fol-
lowing advantage.

(6) The first laminate 13 and the second laminate 20
are joined together in the stacking direction by the
engagement between the intralayer structural yarns
15a, 25a and the engagement between the interme-
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diate structural yarns 16, 26. This enhances the join-
ing between the first laminate 13 and the second
laminate 20 in the stacking direction.

[0043] The above described embodiments may be
modified as follows.

[0044] In the first embodiment, the engaging position
of the second intralayer structural yarns 25 with respect
to the second auxiliary yarns 22 and the second rein-
forcement fiber yarns 21 in the second laminate 20 may
be opposite to the position in the first embodiment. Spe-
cifically, the second intralayer structural yarns 25 may be
engaged with the upper surface of the second auxiliary
yarns 22 and engaged with the lower surface of the sec-
ond reinforcement fiber yarns 21. That is, the second
intralayer structural yarns 25 may be located at positions
not facing the first intralayer structural yarns 15 in the
stacking direction. The second intralayer structural yarns
25 of one of the second fiber layers 24 of the second
laminate 20 that is located close to the first laminate 13
are referred to as the second engaging intralayer struc-
tural yarns 25a.

[0045] The first laminate 13 and the second laminate
20 may be joined together in the stacking direction by
the engagement between the first intermediate structural
yarns 16 of the first laminate 13 and the second engaging
intralayer structural yarns 25a of the second laminate 20.
Furthermore, the first laminate 13 and the second lami-
nate 20 may be joined together in the stacking direction
by the engagement between the first engaging intralayer
structural yarns 15a of the first laminate 13 and the sec-
ond intermediate structural yarns 26 of the second lam-
inate 20.

[0046] The first laminate 13 and the second laminate
20 may be joined together by the engagement between
the first engaging intralayer structural yarns 15a of the
first laminate 13 and the second engaging intralayer
structural yarns 25a of the second laminate 20 and the
engagement between the first engaging intralayer struc-
tural yarns 15a of the first laminate 13 and the second
intermediate structural yarns 26 of the second laminate
20.

[0047] Furthermore, the first laminate 13 and the sec-
ond laminate 20 may be joined together by the engage-
ment between the first intermediate structural yarns 16
ofthe firstlaminate 13 and the second intermediate struc-
tural yarns 26 of the second laminate 20 and the engage-
ment between the first intermediate structural yarns 16
of the first laminate 13 and the second engaging intra-
layer structural yarns 25a of the second laminate 20.
[0048] Moreover, the first laminate 13 and the second
laminate 20 may be joined together by the engagement
between the first intermediate structural yarns 16 of the
first laminate 13 and the second intermediate structural
yarns 26 of the second laminate 20 and the engagement
between the first engaging intralayer structural yarns 15a
ofthe firstlaminate 13 and the second intermediate struc-
tural yarns 26 of the second laminate 20.
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[0049] Additionally, the first laminate 13 and the sec-
ond laminate 20 may be joined together by the engage-
ment between the first intermediate structural yarns 16
of the first laminate 13 and the second engaging intra-
layer structural yarns 25a of the second laminate 20 and
the engagement between the first engaging intralayer
structural yarns 15a of the first laminate 13 and the sec-
ond engaging intralayer structural yarns 25a of the sec-
ond laminate 20.

[0050] The number of the fiber layers constituting the
first and second laminates 13, 20 may be three or more.
[0051] The fiber structure 10 may be constituted by
stacking three or more laminates.

[0052] The cross-sectional shape and the thickness of
the first reinforcement fiber yarns 11 and the second re-
inforcement fiber yarns 21 may be changed as required.
[0053] When the fiber structure 10 is used as the rein-
forced base material of the fiber-reinforced composite,
the kind of the matrix resin and the method for producing
the fiber-reinforced composite are not limited to any par-
ticular resin or method.

[0054] The fiber bundles constituting the first reinforce-
ment fiber yarns 11 and the second reinforcement fiber
yarns 21 may be high-strength organic fiber such as ar-
amid fiber, poly-p-phenylenebenzobisoxazole fiber, and
ultra-high-molecular-weight polyethylene fiber or inor-
ganic fiber such as glass fiber and ceramic fiber in ac-
cordance with the physical properties required for the
fiber-reinforced composite.

Claims

1. Afiber structure comprising a plurality of laminates,
wherein
the laminates each include a plurality of stacked fiber
layers,
the fiber layers each include reinforcement fiber
yarns, auxiliary yarns, and intralayer structural
yarns, the reinforcement fiber yarns and the auxiliary
yarns being arranged alternately, and the intralayer
structural yarns joining the reinforcement fiber yarns
and the auxiliary yarns together in an arrangement
direction,
in each laminate,

yarn main axis directions of the reinforcement
fiber yarns and the auxiliary yarns of each of the
fiber layers are the same,

the reinforcement fiber yarns are arranged in
such a manner that the relative positions are
shifted in a stacking direction of the fiber layers
with the reinforcement fiber yarns overlapping
each other,

the auxiliary yarns are arranged in such a man-
ner that the relative positions are shifted, and
the fiber layers are joined with intermediate
structural yarns engaged with the auxiliary yarns
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located on opposite ends in the stacking direc-
tion,

the laminates are arranged such that

ayarn main axis of the reinforcement fiber yarns
of each laminate is orthogonal to a yarn main
axis of the reinforcement fiber yarns of another
laminate, and

a yarn main axis of the auxiliary yarns of each
laminate is orthogonal to a yarn main axis of the
auxiliary yarns of another laminate, and

the laminates are joined together in the stacking di-
rection by an engagement between at least one of
a set of the intralayer structural yarns and a set of
the intermediate structural yarns of the laminate in
which the yarn main axis extends in one direction
and at least one of a set of the intralayer structural
yarns and a set of the intermediate structural yarns
of the laminate in which the yarn main axis extends
in another direction.

The fiber structure according to claim 1, wherein the
laminates are joined together by the engagement
between the intermediate structural yarns of the lam-
inate in which the yarn main axis extends in one di-
rection and the intermediate structural yarns of the
laminate in which the yarn main axis extends in an-
other direction.

The fiber structure according to claim 1, wherein the
laminates are joined together by the engagement
between the intralayer structural yarns of the lami-
nate in which the yarn main axis extends in one di-
rection and the intralayer structural yarns of the lam-
inate in which the yarn main axis extends in another
direction.

The fiber structure according to claim 1, wherein the
laminates are joined together by

the engagement between the intermediate structural
yarns of the laminate in which the yarn main axis
extends in one direction and the intermediate struc-
tural yarns of the laminate in which the yarn main
axis extends in another direction, and

the engagement between the intralayer structural
yarns of the laminate in which the yarn main axis
extends in one direction and the intralayer structural
yarns of the laminate in which the yarn main axis
extends in another direction.

The fiber structure according to any one of claims 1
to 4, wherein each of the intermediate structural
yarns is arranged between the intralayer structural
yarns located adjacent to each other in the yarn main
axis direction of the reinforcement fiber yarns and
the auxiliary yarns.
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A fiber-reinforced composite in which a fiber struc-
ture is impregnated with a matrix resin, wherein
the fiber structure includes a plurality of laminates,
the laminates each include a plurality of stacked fiber
layers,

the fiber layers each include reinforcement fiber
yarns, auxiliary yarns, and intralayer structural
yarns, the reinforcement fiber yarns and the auxiliary
yarns being arranged alternately, and the intralayer
structural yarns joining the reinforcement fiber yarns
and the auxiliary yarns together in an arrangement
direction,

in each laminate,

yarn main axis directions of the reinforcement
fiber yarns and the auxiliary yarns of each of the
fiber layers are the same,

the reinforcement fiber yarns are arranged in
such a manner that the relative positions are
shifted in a stacking direction of the fiber layers
with the reinforcement fiber yarns overlapping
each other,

the auxiliary yarns are arranged in such a man-
ner that the relative positions are shifted, and
the fiber layers are joined with intermediate
structural yarns engaged with the auxiliary yarns
located on opposite ends in the stacking direc-
tion,

the laminates are arranged such that

ayarn main axis of the reinforcement fiber yarns
of each laminate is orthogonal to a yarn main
axis of the reinforcement fiber yarns of another
laminate, and

a yarn main axis of the auxiliary yarns of each
laminate is orthogonal to a yarn main axis of the
auxiliary yarns of another laminate, and

the laminates are joined together in the stacking di-
rection by an engagement between at least one of
a set of the intralayer structural yarns and a set of
the intermediate structural yarns of the laminate in
which the yarn main axis extends in one direction
and at least one of a set of the intralayer structural
yarns and a set of the intermediate structural yarns
of the laminate in which the yarn main axis extends
in another direction.
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