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ABSTRACT]

A stitched carbon fiber base material and a wet prepreg having
the same are provided. The stitched carbon fiber base material includes
sheet materials. The sheet material is formed by arraying carbon fiber
lines, each having a predetermined width, 1n parallel with one another.
An array direction of the carbon fiber lines of each sheet material is set
to form an angle in a range from *300 to *60° to a weaving advancing
direction of a stitching yvarn. A stretch ratio of the stitched base
material in its lengthwise direction in a case where a load per inch
width of the stitched base material is applied in the weaving advancing
direction of the stitching yarn is equal to or below 4% when the load is

5 N, and is equal to or above 10% when the load 1s 25 N.
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[DESCRIPTION]
[Title of Invention] STITCHED CARBON FIBER BASE MATERIAL AND
WET PREPREG USING SAME '
[Technical Field]
[0001]

The present invention relates to an improvement in a
CFRP-forming base material, or more specifically, to: a
stitched carbon fiber base material which exhibits excellent

form stability and shapability, ensures excellent

handleability in processing a wet prepreg in CFRP manufacturing
steps, and facilitates production of a three-dimensional shape;
and a wet prepreg using the same.

[Background Art] '

[0002]

Carbon-fiber-reinforced plastics (CFRP) adopting carbon
fibers ag reinforecing £iberg have 1ight-weight, high-strength,
and high-elastic-modulus characteristics, and are therefore
used in a wide range of fields including sporting and leisure
goods, and aerospace as well as other general industries. In
particular, the CFRP are frequently used in aircraft where the
weight—savihg effect is prominent. Nowadays, the CFRP are also
being employed in primary structural matexrials for the
aircrart. '
[0003)

As proposed in PTL 1, for example, there is digclosed a
conventional method of molding a CFRP for aircraft which
includes: impregnating a sheet maﬁerial in which carbon fibers
are arrayed in one direction, or a fabrie material in which
carbon fibers are arrayed in two directiong, with a matrix resin

to produce a prepreg base material; and layering sheets of the
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obtalned prepreg base material on a molding die, followed by
heating and curing in an autoclave.
[0004]

In the unidirectional prepreg base materials or the
fabric prepreg base materials described above, the carbon
fibers are arrayed straight, and the base materials can be
surely impregnated with the resin. Ac¢cordingly, such prepreg
materials can fully exert the high strength and the high elastic
modulus attributed to the carbon fibers.

[0005]

However, the unidirectional prepreq base materials and
the bidirectional fabric prepreg base materiéls as desaribed
above require operations to cut the bagse material into
approprlate gizes and then to layer them while changing
orientations of the cutout pieces, which cause problems of
increases in operating burdens and costs.

[0006]

Further, PTL 2 proposes a method of manufacturing a biased
base material with carbon fibers arrayed in directions of +45°,
in which the biased base material is obtained by helically

cutting a tubular woven fabric that is woven tubularly.

[0007]

However, the biased base material manufactured by this
method 18 prone to be elongated in a lengthwise direction.
Accordingly, the base material causes é. problem when supplied
Lo prepreg processing that the base material is elongated in
the lengthwise direction and the array of the carbon fibers
therein 18 considerably disordered.

[0008]

Furthermore, PTL 3 discloses a method of manufacturing
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a multiaxial stitched base material. This method is expected
to achieve labor saving in layering work, and is actively
considexred for its application to the CFRP.

[0009]

Here, using this multiaxial stitched technology, a
stitched base material including carbon fibers arrayed in
directions of *45° can be obtained by: layering a sheet
including carbon fibers arrayed in parallel in a direction of
+45° and a sheet including carbon fibers arrayed in parallel

in a direction of -45°; and uniting the sheets together with
stitching varns.

[D010]

However, in the method of PTL 3 to array the carbon fiber
lines, each sheet is formed by feeding carbon fibers shuttlewise
‘between two chains provided behind a stitching m/c (machine) .
As a consequence, each of the carbon fiber lines is freely
movable between the two chains. This leads to a problem that
gaps are likely to be formed between the carbon fiber lines.
[0011]

Accordingly, the stitched base material with the +45°

arrays needs to be formed with a relatively high fiber areal

welght. Such a base material has a problem when supplied to
CLhe prepreg processing that the inside of the base material

cannot be impregnated with the resin due to high viscosity of

the resin.

[0012]

Meanwhile, most of CFRP-molded products such as aircraft

components have curved shapes. On the bther hand, a prepreq

made of the above-described stitched bage material wi th the :t45 °

arrays is not stretched at all in the lengthwise direction by
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the presence of the stitching yarns. As a consequence, the
prepreg does not possess shapability, so that the prepreg cannot
fit properly into a curved surface of a molded product, or may
get wrinkled if forced to fit into the curved surface.
[0013]

The inventors of the present invention have investigated
a cauge of poor shapability of the base material in the prepreq
of this conventional type which makes the prepreg incapable of
Fitting into an intricately curved surface, and have found out
the fact that while the base material isg stretchable in its width

direction, an extremely low stretch ratio of the stitching yarns

in its weaving advancing direction blocks a deformation of the

base material.
[0014]
On the other hand, the inventors have also found out that

a cause for the disorder of the carbon fiber linesg is that the

stitching yarns, if having an increased stretch ratio, are

elongated in wet prepreg'processing of the carbon fiber lines.

[Citation List]
[Patent Literaturel]

[0015]

[PTI: 1] Japanese Patent Application Publication No. 2005-14600
[PTL. 2] Japanese Patent Application Publication No. Sho
63-159576

[PTL. 3] US Patent Specification No. 4,484,459
[Summary of Invention]
[Technical Problems)

[0016]

The present invention has been made in view of the

aforementioned problems of the conventional CFRP-forming base
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materials. An object of the present invention is to provide

a stitched carbon fiber base material which exhibits excellent

form  stability and  shapability, ensures  excellent
handleability in processing a wet prepreq in CFRP manufacturing
steps, and facilitates production of a three-dimensional shape,

and to provide a wet prepreg using the same.
[Solution to Problems]

[0017]

A solution to the problems adopted by the inventors of

the present invention will be described below with reference
to the accompanying drawings.
L10018]

specifically, the present invention has accomplighed a
stitched carbon fiber base material by adopting the following
technical means in which multiple sheet materials 1, 1, .. are
layered and then stitched and united together into the stitched
base material with stitching yarns 2 woven while passing through
the sheet materials 1, 1, ... Here, each sheet material 1 is
formed by arraying carbon fiber lines 11, 11, .., each having
a predetermined width, in parallel with one another. Meanwhile,

an array direction of the carbon fiber lines 11 of each sheet

material 1 forms an angle in a range from+30° to £60° to a weaving
advancing direction of the stitching yarns 2. Moreover, a
stretch ratio of the stitched base material in its lengthwise
direction in a case whexre a load per inch width of the stitched
base material is applied in the weaving advancing direction of
the stitching varns is equal to or below 4% when the load is
5 N, and is equal to or above 10% when .the load is 25 N.

[0012]

Meanwhile, to solve the problems, in addition to the
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above-described means as appropriate, the present invention may
also adopt the following technical means in which the stitching
varns 2 are stitched on the sheet materials 1 by compogite weaves
including chain stitch weaves and 1/1 tricot weaves.

[0020]

Furthermore, to soive the problems, in addition to the
above~described means as app.ropriate , the pregent invention may
also adopt the following technical means in which auxiliary
yarns 3 are inserted in the same direction ag the weaving
advanciﬁg direction of the stitching yarns 2.

[0021]

Furthermore, to solve the problems, in addition to the
above-described means as appropriate, the present invention may
also adopt the following technical means in which the stitching
varns 2 or the auxiliary varng 3 are made severable when a load
in a range from 5 to 25 N per inch width of the stitched base
member is applied in the weaving advancing direction of the
stitching varns 2.

10022]

Furthermore, to solve the problems, in addition to the

above-described means as appropriate, the present invention may

also adopt the following technical means in which fineness of

carbon fiber lines 11 of each sheet material 1 is set in a range

from 400 to 1200 tex, and a fiber areal weight of each sheet

material 1 is set in a range from 150 to 400 g/m’.
[0023]

Furthermore, to solve the problemg, in addition to the
above-described means as appropriate, the present invention may
also adopt the following technical means in which the stitc¢hing

yarns 2 are stitched at a weaving ratio (R) in a range from 3.5
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to 4.5. Here, the weaving radio (R) ig defined ag:

Weaving ratio (R) = Length of stitching yarn (L2) / Length
of base material (L1),

where

Ll: a length of the base material, and

I.2: a length of each stitching yarn required for
stitching. |
[0024]

In addition, the present invention has accomplished a wet
prepreg by adopting the followiﬂg technical means 1n which each
sheet material 1 is formed by arrayving carbon fiber lines 11,
11, .., each having a predetermined width, in parallel with one
ancther while an array direction of the carbon fiber lines 11
of each sheet material 1 forms an angle in a range from #30°
to £60° to a weaving advancing direction of the stitching yarns
2. Here, a stretch ratio of the atitched base material in its
lengthwise direction in a case where a load per inch width of
the stitched base material is applied in the weaving advancing
direction of the stitching yarns 2 is equal to or below 4% when
the load is 5 N and is equal to or above 10% when the load is
25 N. Moreoverxy, the wet prepreq is formed by impregnating the
stitched carbon fiber bage material, in which the plurality of
sheet materials 1, 1, .. are layered and then stitched and united
together with the stitching yarns 2 woven while passing thxough
the sheet materials 1, 1, .., with a thermosetting resin in a
range from 30% to 50% by weight.

(Advantageous Effects of Invention]

[0025]

The present invention provides the stitched base material,

in which the multiple sheet materials are layered and then
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stitched and united together with the stitching yarns woven
-ﬁhile passing through the gheet materials. Here, each sheet
material is formed by arraying the carbon fiber lines with the
predetermined width in parallel with one another. Moreover,
the array direction of the carbon fiber lines of each sheet
material forms the angle in the range from x30° to *60° to the
weaving advancing direction of the stitching vyarns.
Furthermore, the stretch ratio of the stitched base material
in its lengthwise direction in the case where a load per inch
width of the stitched base material is applied in the weaving
advancing direction of the stitching yvarns is equal to or below
4% when the load 13 5 N, and i8 equal to or above 10% when the
load is 25 N. Thus, the stitched base material exhibits
excellent form stability and ghapability, ensures excellent
handleability in processing a wet prepreg in CFRP manufacturing
steps, and facilitates production of a three-dimensional shape.
[0026]

Therefore, according to the atitched carbon fiber bace
material of the present invention, the base material is stitched
with the chain stitches in a lengthwige direction using the
stitching vyarns. Thus, the stitched base material is not
elongated by 1ts own weight inside a dxying furnace at the time
of a wet pxepreg. In addition, ﬁhe orientations of the carbon
fiber lines arrayed at the angles fxom %30° to 160° are kept
rrom disorder. Hence, the stitched carbon fiber base material
can achieve gquasi-~isotropy.

[0027]

Moreover, 1n the wet prepreg proceSSing, the prepreg is

processed without causing the disorder of the carbon fiber lines.

In addition, the obtained prepreg base material also exerts
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ahapability and can be layered to form a molded product having
a curved surface without requiring cut-and-paste work. Hence,
the present invention can achieve labor saving in the layering
work, and it 19 possible to say that its industrial
applicability is extremely high.

[Brief Desgcription of Drawings]

[0028]

[Fig. 1]

Fig. 1 is a front view showing a stitched carbon fibér
base material of an embodiment of the present invention.
[Fig. 2]

Fig. 2 18 a schematic diagram showing a Structure of the
gstitched carbon fiber base material of the embodiment of the
present invention.

[Fig. 31

Fig. 3 18 a schematic diagram showing stitches of chain

atitches in the gtitched carbon fiber base material of the

embodiment of the present invention.
[Fig. 4]

Fig. 4 is a schematic diagram showing a modified example
of the structure of the stitched carbon fiber base material of
the embodiment of the present invention.

[Fig. 5]

Fig. 5 18 a schematic diagram showing manufacturing steps
ol a wel prepreg using the stitched carbon fiber bagse material
of the embodiment of the present invention.

[Fig. 6]

Fig. 6 i8 a graph showing a physical property of the

stitched carbon fiber base material of the embodiment of the

pregent invention.
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[Description of Embodiments]
[0029]
An embodiment of the present invention will be described

below in further detail on the basis of the concretely

illustrated drawings.

[0030]
The embodiment of the present invention will be described

on the basis of Fig. 1 to Fig. 6. In Fig. 1, reference sign
1 denotes a sheet material which is formed by arraying carbon
fiber lines 11, 11, .., each having a predetermined width, in
parallel with one another.
[0031]

Meanwhile, reference sign 2 denotes a stitching yarn. A
gynthetic resin yarn such as polyester is employed in the
stitching yvarn 2. -

[0032]

Here, this embodiment provides a stitched base material
in which multiple sheet materials 1, 1, .., are layered and then
stitched and united together with stitching yarns 2 woven while
‘passing through-the sheet materials 1. To form the stitched
base material, each sheet matérial 1 1s first formed by arraying

the carbon fiber lines 11, 11, .., each having a predetermined

width (about 2 mm in this embodiment), in parallel with one

another .

[0033]

The carbon fibexr lines 11 of this embodiment may adopt
polyacrylonitrile-based or pitchwbased carbon fibers. In
order to obtain a large reinforcing effedt with a small amount

of fibers, it is desirable to employ such carbon fibers having

a high strength and a high elastic modulus, or more specif ically,

10
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those having a tensile strength equal to or above 3 GPa or

preferably équal to or above 4 GPa, and a tensile elastic modulus -

in a range from 200 to 700 GPa.
[0034]

Meanwhile, in this embodiment, fineness of the carbon
Fiber lines 11 ‘of each sheet material 1 is set in a range from
400 to 1200 tex so as8 to get a fiber areal weight of each sheet
material 1 in a range from 150 to 400 g/m®.

[0035]

The fineness of the carbon fiber lines 11 and the weight
of the base material are to be determined on the basis of targeted
performances of a molded product or requisite characteristics
including costs and the 1ike. Nonetheless, it is also necessary
to consider that high-quality base materials have to be stably
supplied in the case of aircraft components and the like where
reliability is required.

‘[0036 ]

Meanwhile, the production of the carbon fiber lines 11
requires almost the same firing rate irrespective of the
fineness thereof. Accordingly, a manufactuxing cost per unit
weight becomes lower as the fineness is greater. Ap a

consequence, it ig advantageous to use the carbon fiber lines
with the greater fineness.

[0037]
However, an attempt to obtain a sheet material 1 with a

low fiber areal weight by a parallel array of thick carbon fiber
lines 11 with the fineness equal to or above 1200 tex would lead
Lo an 1increase in distance between each pair of the carbon fiber
lines 11, 11. Such an increase in distance may cause gaps

between the lines or irreqularities on a surface of the base

11
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material on the line basis. This is why the fineness of the
carbon fiber lines 11 is preferably equal to or below 1200 tex.
[0038]

On the other hand, if the fineness of the carbon fiber
lines 11 is too small, the carbon fiber lines 11 become costly

per se and more lines have to be prepared and arrayed densely

in order to form the sheet material 1. This is why the fineness

of the carbon fiber lines 11 18 preferably equal to or above
400 tex.

[0039]

Next, in this embodiment, an array direction of the carbon

fiber 1ines 11 of each sheet material 1 forms an angle in a range

from 30° to 160° to a weaving advancing direction of the

stitching yarns 2. This base material can be obtained by a
generally known multiaxial stitching m/c (machine) .

[C0040]

Note that the array angles of the carbon fiber lines 11

are to be determined on the basgis of the strength and the elastic

modulug required in the molded product, and usually the base
material in which the carbon fiber lines 11 are arrayed in the
directions of +45° ié most stable and is therefore preferred
in the case where quasi-isotropy is required. However, in this

embodiment, the similar operation and effects can algo be

achieved by setting the array angles in the range from *30° to
t60° .
[0041]

Fig. 2 illustrates the stitched base material of this
embodiment in which the carbon fiber lines 11 are arrayed in
the directions of t45°. Fig. 2 is exploded and an upper part

therein illustrates only the stitching varns in order to

12
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facilitate understanding of weaves of the stitching yvarns 2.
(0042]

Here, the stitching yarng 2 unite the sheet material 1
formed from the carbon fiber lines 11 arrayed at the angle of
-45°, and the sheet material 1 formed from the carbon fiber lines
arrayed at the angle of +45°, together by composite weaves
including chain stitch weaves and 1/1 tricot stiteh weaves, in
which eac¢h stitching yarn 2 forms two chain stitch weaves
continuously by stitching, then moves to an adjacent knitting
needle, then forms two ¢hain stitches continuongly by stitching,
and then moves back to the original knittiﬁg needle.

[0043] '

Here, in the chain stitches, each stitch is formed in a
state strongly tightened by stitch tension applied at the time
of stitching. Accordingly, the stitching varn 2 is hardly

stretched when pulled in a longitudinal direction {(a stretched
direction of the stitch (the weaving advancing direction))
since there is no room for'the stretch. On the other hand, in
the case of the 1/1 tricot stitches shown in Fig. 3(a), each
stitching yarn shuttles between two rows of stitches ina Z1lgzag
manner. Accordingly, when the stitching yarn is pulled in the
longitudinal direction (direction a), the stitching yarn moves

toward the stitches while drawing the rows of stitches along

a lateral direction (direction b) as shown Fig. 3(b), whereby

the stitches are apt to be stretched lengthwise. In other words,
the 1/1 tricot stitches can be deemed as weaves which are apt

Lo be gtretched eagily by applying a small external force in

the longitudinal direction.

(0044 ]

As a consequence, the combination of the chain stitch

13
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weaves and the 1/1 tricot stitch weaves having the
above-described stretch characteristics makes it' easier to
obtain stretch ratios intended by the present invention.
[0045]

Moreover, a étretch ratio in the lengthwise direction of

the stitched base material by application of a load of 5 N per

1nch width relative to the weaving advancing direction of the

stitching yarns 2 1s set equal to or below 4% while a stretch

ratio in the lengthwise direction by application of a load of

25 N 18 =get equal to or above 10%5. Note that the "stretceh ratio”
18 a value measured in accordance with a measurement method
described in JIS L 1018 (Methods of measuring elongation
percentage of knitted fabrics: the grab method) . Although Fig.
2 1llustrates the example of continuously providing two chain
stitches, the combination of the chain stitches and the 1/1
tricot stitches may be appropriately changed as long as such
a change satisfies the above-mentioned ranges of numerical

values.

10046]
Here, the tension to be applied to the stitched base
material may reach as large as about 5 N per inch width at the

time of wet prepreg processing to be described later. Therefore,

it is necessary to determine an appropriate range of the stretch

ratio. If the stretch ratio in the lengthwise direction of the

stitched base material by application of the load of 5 N pex

inch width relative to the weaving advancing direction of the

stitching yarns 2 exceeds 4%, the base material may be elongated
significantly in its lengthwise direction inside a drying
furnace for the wet prepreg processing, thereby considerably

disordering orientations of the carbon fiber lines.

14
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Accordingly, the stretch ratio in the lengthwise direction of
the stitched base material by application Df the load of 5 N
per ihch wlidth 1s preferably equal to or balow 4%. Here, the
stretch ratio in the lengthwise direction by application of the
load of 5 N is more preferably equal to or below 3%.

[0047]

On the other hand, if the stretch ratio in the lengthwise
direction by application of the load of 25 N per inch width falls
below 10%, a prepreg base material is hardly deformable at the
time of shaping when the prepreg base material is stretched with
hands 1in an attempt to shape the prepreq base material
appropriately. As a consequence, the prepreg base material can
hardly fit into a curved surface depending on its form and may
get wrinkled. Accordingly, the stretch ratio in the lengthwise
direction of the stitched base material by application of the
load of 25 N per inch width 18 preferably equal to or above 10%.
Here, the stretch ratio in the lengthwise direction by
application of the load of 25 N more preferably falls in a range
of 10% to 20%. This 13 due to a reason that, if the stretch
ratio in the lengthwise direction by application of the load

of 25 N exceeds 20%, there may be a case where the prepreg base

material may suddenly be stretched too much when a force is

applled 80 as to stretch the prepreqg base material and to smooth

out the wrinkles at the time of shaping. As a consequence, the

prepreg base material may be elongated more than necessary and

such elongated portions are prone to cause other wrinkles.

[0048]

Due to the reasons mentioned above, it is preferable to
set the stretch ratio in the lengthwige direction of the

stitched base material by application of the load of 5 N per

15
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inch width equal to or below 4%, and to set the stretch ratio
in the lengthwise direction by application of the load of 25
N equal to or above 10%. More preferably, the streteh ratio
‘at the time of 5 N 1s equal to or below 3%. Meanwhile, the
Stretch ratio at the time of 25 N is preferably in the range
of 10% to 20%.

[0049] .

Next, in this embodiment, auxiliary varns 3 can be
inserted in the same direction as the weaving advancing
direction of the stitching yarns 2. Thus, it is possible to
reinforce the stitched base material and to achieve its form
stability (see Fig. 4).

[0050]

Moreover, any of the stitching yarns 2 and the auxiliary
yarns 3 may be made severable when the load iﬁ a range of 5 N
to 25 N per inch width of the stitched base material is applied
in the weaving advancing direction of the stitching yvarns 2.
In this way, it is possible to prevent disorder of the
orientations of the carbon fiber lines 11 attributed to a
deformation of the stitched base material in the wet prepreqg

processing, and thereby to improve shapalbility when the
processed prepreg is uged.

[0051]

Furthermore, in this embodiment, the stitched carbon
fiber bage material can be stitched at a weaving ratio R of the
stitching yarns 2 in a range from 3.5 to 4.5 . Here, the weaving

ratlo R is defined as follows:

Weaving ratio (R) = Length of stitching yarn (L2) / Length
of base material (L1),

where

16
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L1: a length of the base material, and

L.2: a length of each stitching yarn required for
stitching.

[0052]

Here, in order for allowing the stitched base material
to be stretched in the weaving advancing direction of the
stitched yarns 2, the stitched base material needs to adopt a
knitted fabric structure in which a length of each fiber shifted
to the adjacent row of stitches can move easily in the lengthwise
direction as in the case of the 1/1 tricot stitches.

[00653]

Although it depends on the fiber areal weight of the base
material, in the case of the chain stitches, the weaving ratio
(R) iz around 3.5 when the base material is made of the sheet
materials 1 defined in this embodiment, each of which has the
fiber areal weight in the range from 150 to 400 g/m®. In this
case, there is very little length of the fiber that allows the
movement in the lengthwise direction.

{0054]

Meanwhile, the weaving ratio of the 1/1 tricot stitches

relates to a pitch in a latéral direction of the row of the

stitches, i.e., a distance between the rows of stitches and
affects the stretch ratio in the longitudinal direction of the
bage material at the game time. For example, a larger distance
between the rows of stitches is equivalent to a high weaving
ratio, which means at the same time that the base material is
prone to elongation in the weaving advancing direction of the
stitching yarns. .

[0055]

From the facts mentioned above, if the weaving ratio (R)

17
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is equal to or below 3.5 in the stitched carbon fiber base
material of the present invention, its stretch ratio by
application 01‘; the load of 25 N 1n the weaving advancing
direction of the stitching yarns becomes equal to or below 10%.

As a consequence, the base material is legss deformable and

A

cannct fit into a molded product having a curved surface.
Accordingly, it is preferable to set the weaving ratio (R) of
the stitching yarns equal to or above 3.5.

(0056]

On the other hand, if the weaving ratio (R) is equal to
or above 4.5, the stretch ratio of the base wmaterial by
application of the load of 5 N exceedg 4%, and there is a risk
of elongation'of the base material at the time of drying in the
wet prepreg processing whereby the orientations' of the carbon
fibers may be disordered. Accordingly, it is preferable to set

the weaving ratio (R) of the stitching yarns equal to or below

4.5.
[0057]

In the r}teantime, a relation between a physical property
of either the stitching yarns 2 or the auxiliary yarns 3 inserted
in the direction of 0° (the same direction as the interle.aving.

advancing direction), which are severed by the application of

the load from 5 N to 25 N per inch width of the stitched base
material, and a breaking ioad P at the time when the auxiliary

varns 3 are severed can be expressed by the following numerical
formula. The sgtrength, fineness, and array density of the
stitching yarng 2 or the auxiliary yarns 3 may appropriately

be selected such that the breaking load P falls within the range

from 5 to 25 N. It is to be noted, however, that the stitching

yvarns 2 include three threads in one row arranged in the 0°
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direction, so the array density thereof is defined as three
times larger:

Breaking load P (N) = Strength of yarns (N/tex) x Fineness
of yvarns (tex) x Array density (threads/inch).

[0058]

Meanwhile, the stretch ratio of the base material at the
time of severance of the gtitching yarns 2 or the auxiliary yarns
3 at the above-described condition ig preferably set within 10%.
Such fiber yarns may include natural yarns such as cotton yarns
or hemp yarns. Since synthetic resin fibers have relatively
high rupture elongation, the rupture elongation may preferably
be reduced by subjecting the synthetic resin fiberg to an
elongation heat -treatment in advance. Note that when the

stretch ratio is controlled only by the stitching yarns, such

stitching yarnsg should be limited to include the chain stitches.
L0059]

By adopting the above-described conditiong, it is
possible o cauge the stitching yarns 2 or the auxiliary yarns
3 to withstand 5 N per inch width within the range of the tensile

load to be applied to the base material in the wet prepreg

processing to be described later, and thus to perform processing

while controlling deformations of the yarns within such a range
that does not affect the physical properties thexreof.
[0060]

Thereafter, when the obtained prepreg is caused to fit
into an intricate molding die for the CFPR, the prepreg can
eagsily fit into the molding die by stretching a portion of the
prepreg to be stretched and thereby severihg the gtitching yarns

2 or the auxiliary yarns 3 at that portion.

[0061]
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‘When the auxiliary yarns 3 are provided, the following
method is adopted in which the auxiliary yarns 3 are inserted
'in the 0° direction and at reqular intervals relative to the
width direction between the two sheets each formed by arraying
the carbon fiber lines 11 in parallel (see Fig. 4). In this
case, since the elongation in the 0° direction of the stitched
bage ma'terial ig controlled, the stitched base material may

employ stretchable weaves such as the 1/1 tricot stitch weaves

30lely for the purpose of uniting the gstitched bage material
together. By doing so, the prepreg can be shaped in the mited |
gtate.
[0062]

‘Although the above-described breaking load P varies
depending on the fiber areal weight of the base material and
the- prepredg processing conditions, the breaking load P is

preferably set as low as possible considering a forming process

to take place later.
[0063]
Meanwhile, a place where the highest tension is applied

Lo the stitched base material in the wet prepreg processing to

be described later is an uppermost part of an upright drying

furnace, where a feeding brake force and frictions of quides

and the like are applied in addition to the own weight of the

prepreg yet to be dried. As a consequence, the tension applied

to the stitched base material reaches 5 N per inch width of the
base material at the maximum. Accordingly, the base material
needs to have enough strength for withstanding that load.
[0064]

In the meantime, when the tension is equal to or above

25 N per inch width of the base material, the stitching yarns
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2 or the auxiliary yarns 3 are kept from severance in the prepreg
processing, but it is necessary to apply.an extremely large
force to sever the gtitching yarns 2 or the auxiliary yarns 3
at the time of molding instead. Accordingly, it is preferable
to set the breaking load P in the range from 5 N to 25 N per

inch width of the stitched base material.

[0065]

Furthermore, the fiber areal weight of each sgheet
material 1 formed ‘by arraying the carbon fiber lines 11 at +45°
or -45" is preferably set in a range from 150 to 400 g/m®>. When
the fiber areal weight ig equal to or below 150 g/m’, the density
of the arrayed carbon. fiber lines 11 is reduced, whereby gaps
are more likely to occur between the carbon fiber lines 11, 11
or the number of sheets to be layered at the time of wmolding
may be increased. Accordingly, the fiber areal weight of each
sheet member 1 is preferably equal to or above 150 g/m”.
[0066] '

On the other hand, when the fiber areal weight of each '

sheet material 1 is equal to or above 400 g/mz, the number of

sheets to be layered at the time of molding is re_duCed and laboxr

1s thus saved. However, since the basematerial becomeg thicker,
a solvent inside the base material may be less likeiy to
evaporate in a drying step of the wet prepreq processing.
Accordingly, the fiber areal weight of each sheet member 1 is

preferably equal to or below 400 g/m*.
[0067]

<Concerning wet prepreg molding:

Next, molding of a wet prepreqg in this embodiment will
be described below. Here, the stitched carbon fiber base

material is produced in accordance with the above-described
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procedures. Then, the prepreqg is formed by impregnating this
stitched carbon fiber base material with a thermosetting resin
1n a range from 30% to 50% by weight. Examples of the
thermosetting resin include epoxy resin, phenol resin, vinyl
ester regsin, unsaturated polyester resin, and the like. Among
them, epoxy resin is preferred.

[0068]

Meanwhile, the wet prepreg processing can be achieved by:
dipping the base material having a high fiber areal weight into
the resin diluted with a solvent, c¢ausing the solvent to
evaporate while moving the base material up and down in the
vertically long drying furnace, thereby impregnating the inside
of the stitched base material with the resin.

[0069]

A wet prepreg procdesesing method will be described on the

basis of Fig. 5. First, the rolled stitched carbon fiber base

material i= drawn out at a velocity in a range from 1.5 m/min

b §

to S m/min, and is dipped in a resin bath filled with the resin

solution diluted with the solvent. Spaces between fibers of

the base material are impregnated with the resin, and then the
base material is fed to the upright drying furnace having a

sufficient length of a drying zone and provided with a rotating

roll on 1ts top.

10070]
Next, after the passage of the resin bath, the stitched
base material attaching the solvent is lifted straight upward

to the rotating roll so as Lo dry a certalin amount of the solvent

on an ascending side of the drying furnace. Then, the advancing

direction of the fabric is reversed by way of the rotating roll,

and the rest of the solvent is dried on a descending side of
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the drying furnace. Hence, the wet prepreq is finished.
[0071]

Here, an amount of the attached resin is preferably set
1n a range from 30% to 50% by weight for the purpose of raising
a volume content (Vf) of the carbon fibers as high as possible
.and causing the base material to exert a high strength and a
high elastic modulus.

[0072]

When the amount of the attached resin igs equal to or above

50% by weight, the volume content of the carbon £fibers 1s reduced

whereby the strength and the elastic module as a CFRP material

are reduced. Asa consequence, the CFRP cannot eXert its weight
gsaving effect. On the other hand, when the amount of the
attached resin is equal to or below 30% by weight, the resin
18 not enough for entirely filling voids inside the stitched
carbon fiber base material. Accordingly, the CFRP may include
portions where the resin is absent, and may cause destruction.
[0073]
(Examples)

Next, results of experiments on a sample prepared by

actually producing the stitched base wmaterial of this

embodiment will be described.

[0074]

(Example 1)

As the stitched carbon fiber base material, each sheet
was prepared by using carbon fiber lines having a tensile
strength of 5880 MPa, a tensile elastic modulusg of 290 GPa, and
fineness of 1030 tex (the number of £ilaments equal to 24000)
as reinforcing fibexrs, and arraying the carbon fiber lines in

parallel to one another such that the fiber areal weight of the
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sheet becomes 258 g/m°. Then, the sheets were layered at angles

of *45° relative to the weaving advancing direction of the
gtitching yarns.

[0075]

Thereafter, uzing polyester fibers of 84 dtex, the base

material was stitched with composite weaves including the chain
stitch weaves and the 1/1 txicot gtitch weaves at a wale density
of 5 W/inch and a course density of 8.9 C/inch by: stitching
two chain stitches continuously; then moving each stitching
yarn 2 to an adjacent knitting needle; stitching two chain
Stitches continuously; and moving the gstitching yarn back to
the original knitting needle.

[0076]

The stitched carbon fiber base material thus obtained did
not cause any gaps between adjacent carbon fiber lines. In
addition, the base material was stitched with the orientations
of the carbon fibers at the predetermined orientation angles.
[0077]

Moreover, the obtained stitched base .material was
subjected to an elongation test in accordance with JIS I, 1018
(Methods of measuring elongation percentage of knitted fabrics:
the grab method) . Results are as showninFig. €. Specifically,
the stretch ratio at the load of 5 N was 2.6% while the stretch
ratio at 25 N was 14.1%.

[0078]
Meanwhile, the stitched carbon fiber base material thue

obtained and rolled wag subjected to the wet prepreg prdCessing

by: dipping the base material in the resin diluted with a mixed

solvent of MEK (methyl ethyl ketone) and ethanol; and moving

the pase material up and down inside the upright drying furnace
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Lo cause the solvent to evaporate such that the amount of the
attached resin became equal to 40% by weight.
[0079]

Ag a result of the proces.sing, the base material was

successfully processed without being elongated or causing

disorder. of the orientations of the carbon fiber lines. This
result reflects the efifect of zetting the stretch ratic at 5

N equal to or below 4%, which suppressed the elongation of the

base material againgst the tension applied at the time of the

processing.
[0080]

In the meantime, in order to examine shapability df the
wet prepreg thus obtained, the wet prepreg was cut into a piece
having a 50 ¢m x 50 cm size, and was attached onto a work helmet
from above while pulling the wet prepreg 1in the weaving
advancing direction of the stitched yarns and in aperpendicular
direction thereto. BAs a result, the wet prepreg succeeded in
fitting into the work helmet almost perfectly. This is due to
the large stretch ratio at 25 N. Hence, when the base material

is pulled at the time of shaping in order to smooth out wrinkles

thereon, the base material can be deformed easily and wrinkles
can be smoothed out easily.
[0081]

(Comparative Example 1)

Next, a base material was stitched in accordance with the
same method as that used in the above-described (Example 1),
except that the weaves of each stitching yvarn consisted of the
chain stitches. Resultsg of an elcngati‘on test of this base
material are as shown in Fig. 6. 8pecifically, the stretch

ratio at the load of 5 N was 2.1% while the stretch ratio at
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25 N was 7.3%.
[0082]

Meanwhile, the base material was subjected to the wet
prepreg processing under the same conditions as Example 1. As
a result, the base material was successfully processed without
being elongated or causing disorder of the orientations of the
carbon fiber lines. This result reflects the effect of setting
the stretch ratio at 5§ N equal to or below 4%, which suppressed
the elongation of the base material againsgt the tension applied
at the time of the processing.

[008B3]

In the meantime, shapability of the processed wet prepreg
was axamined in the same manner as in the case of (Example 1).
As a result, wrinkles occurred because the wet prepreg was
stretched only in the direction perpendicular to the weaving
advancing direction of the stitching yarms. Hence, the wet
prepreg could not fit into the shape of the work helmet without
causing the wrinkles. Thisg is due to the reason that the stretch
ratio at 25 Nwas 7.3%, 5o the base material 'is hardly deformable
when pulled in order to smooth out the wrinkles at the time of
shaping. '

(0084 ]

(Comparative Exawmple 2)

Stitch processing was conducted under the same conditions
as those in (Example 1), except that the weaves of each stitching

varn consisted of the 1/1 tricot weaves.

[0085]

In this (Comparative Example 2), the stretch ratio at the
load of 5 N was 6.4% while the stretch ratio at 25 N was 28.4%.

Meanwhile, the base material was subjected to the wet prepreg
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procegsing under the same conditions as those in (Example 1) .
Ag a result, the bagse material was elongated in 1tg longitudinal
direction inside the drying furnace due to its own weight, and
ghrank i1n its width direction at the zame time. Hence, the
carbon fiber lines previously oriented straight 1n the
directions of +45° were considerably disordered and formed into
intricately curved shapes. The base material turned out
uselegs as a consequence. Thisg 18 because of the large stretch
ratio at the load of 5 N, which caused a significant deformation
of the base material by the tension at the time of the prepreg
processing.

[0086]

(Comparative Example 3)

Stitching was conducted under the same conditions as
those in Example 1, except that the weaving ratio was set to
4.6. In this (Comparative Example 3), the stretch ratio at the
load of 5 N was 5.1% while the stretch ratio at 25 N was 22.3%.
Meanwhile, the wet prepreqg processing was conducted under the
same conditions as those in (Example 1). As a result, the base
material was elongated slightly in its longitudinal direction
ingide the drying furnace due to 1ts own weight, and also shrank
slightly in its width direction at the same time. Hence, the
carbon fiber lines previously oriented straight im the
directions of +45° were disordered and formed into curved shapes .
The degree of the disorder was smaller as compared to
(Comparative Example 2).

[0087]

Although (Comparative Example 3) adopted the same weaves

as those of (Example 1), the weaving ratio was set too large.

For this reason, the stitches became looser and the gtretch
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was increased.

Presumably, the

orientations of the carbon fibex lines were slightly disordered

dS a conscquence.

[008B8]

In the meantime, shapability of the processed wet prepreg

was examined in the same manner as in the case of (Example 1).

As a result, the wet prepreg could bhe shaped almost perfectly

as in the case of (Example 1).

The behaviors of the base

materials of the above-described Example 1, Comparative Example

1, Comparative Example 2, and Comparative Example 3 are shown

1in Table 1 below.

[00B9]
(Table 1)

" - Example fl Comparative Comparative Comparative

| Example 1 Example 2 Bxample 3
Weaving ratie 3.065 3.51 i 4 .39
Stretch at 5 N 2.6% 2.1:';.’ 6.4%
load *
Stretch ar 25 N 14.1% 7.3% _;4% 22 3%
load |
Elongation and | 'ﬂgz)od i good .. bad moderate
width I
shrinkage when
procesgeed into 1
wet prapreg I
Diporder  of good good had | mc_)derate, l
carbon fibers

when processed

Into wet

. iy s
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prepreqg
Shapability good bad gqood
[0090]

As described above, the one in which the stitching yarns

are stitched on the sheet materials by the composite weaves

including the chain stitch weaves and the 1/1 tricot weaves

showed the most excellent physical properties.

[0091]

While the present invention is substantially configqured
as described above, the present inveﬁtion i8 not necessarily
limited to the illustrated embodiment but various modifications
are possible within the scope asg defined in the “claims”. For
example, the number of the layered sheet materials 1 iz not

limited to two but may be increased asg appropriate. Such a

configuration ig also encompassed by the technical scope of the

present invention.

[Reference Signs List]

[0092]

1. sheet material

11 carbon fiber line
2 stitching yarn

3 auxiliary yarn
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[CLAIMS]
[Claim 1]

A stitched carbon fiber base material, wherein

a plurality of sheet materials (1) are layered and then stitched
and united together into the stitched base material with a stitching
yarn (2) woven while passing through the sheet materials (1),

the sheet material (1) i1s formed by arraying carbon fiber lines
(11), each having a predetermined width, in parallel with one another
while an array direction of the carbon fiber lines (11) of the sheet
material (1) forms an angle in a range from *30° to +60° to a weaving
advancing direction of the stitching yarn (2), and

a stretch ratio of the stitched base material 1n its lengthwise
direction in a case where a load per inch width of the stitched base
material 1s applied in the weaving advancing direction of the stitching
yarn (2) is equal to or below 4% when the load is 5 N, and is equal to or
above 10% when the load is 25 N.
[Claim 2]

The stitched carbon fiber base material according to claim 1,
wherein the stitching yarn (2) is stitched on the sheet materials (1) by
composite weaves including chain stitch weaves and 1/1 tricot weaves.
[Claim 3]

The stitched carbon fiber base material according to claim 1
or 2, wherein an auxiliary yarn (3) 1s inserted 1n the same
direction as the weaving advancing direction of the stitching yarn
(2) .

IClaim 4]
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The stitched carbon fiber base material according to claim 3,
wherein any of the stitching yarn (2) and the auxiliary yarn (3) 1s
severed when the load in a range from 5 to 25 N per inch width of the
stitched base material is applied in the weaving advancing direction of
the stitching varn (2).
|Claim J]

The stitched carbon fiber base material according to any one of claims
1 to 4, wherein

'fineness of the carbon fiber lines 11 of each sheet material
(1) is in a range from 400 to 1200 tex, and

a fiber areal weight of each sheet maternial (1) 1s in a range from 130 to
400 g/m-=.

[Claim 0]

The stitched carbon fiber base material according to any one of claims
1 to 5, wherein

the stitching yarn (2) is stitched at a weaving ratio (R) in a
range from 3.5 to 4.5, the weaving radio (R) being defined as

Weaving ratio (R) = Length of stitching yarn (L2) / Length of base
material (L1), - '

where

Ll: a length of the base material, and

L2: a length of the stitching yarn required for stitching.

[Claim 7}

A wet prepreg having shapability comprising:

a stitched carbon fiber base material, wherein

a plurality of sheet materials (1) are layered and then stitched
and united together into the stitched base material with a stitching
yvarn {2) woven while passing through the sheet materials (1),

the sheet material (1) is formed by arraying carbon fiber lines

(11), each having a predetermined width, in parallel with one another
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while an array direction of the carbon fiber lines (11) of the sheet
material (1) forms an angle in a range from +30° to £60° to a weaving
advancing direction of the stitching yarn (2),

a stretch ratio of the stitched base material in its lengthwise
direction in a case where a load per inch width of the stitched base
material is applied in the weaving advancing direction of the stitching
yarn .(2) is equal to or below 4% when the load 1s 5 N and 1s equal to or
above 10% when the load 1s 25 N, and

the wet prepreg is formed by impregnating the stitched carbon
fiber base material, into which the plurality of sheet materials (1) are
layered and then stitched and united together with the stitching yarn
(2) woven while passing through the sheet materials (1), with a
thermosetting resin in a range from 30% to 50% of the weight of the

stitched carbon fiber base material.
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