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en 2 770 383
13) A1

(57) Abrege(suite)/Abstract(continued):
web section toward both sides via at least one branch section; and a filler-shaped body charged into a wedge-shaped void formead

INn the branch section. Specifically disclosed Is a method for manufacturing a beam member wherein In order to continuously and
efficiently manufacture the filler-shaped body to be charged into the void even when the cross section of the wedge-shaped void
varies In the longitudinal direction of the beam, the filler-shaped body Is manufactured in at least the following manufacturing
processes (A) to (C). (A) a process of supplying a filler material configured of a reinforced fiber (B) a process of pressurizing the
filler material with a preshaping mold to make a filler preshaped object having a wedge-shaped protrusion section (C) a process of
charging the filler preshaped object into the void and pressurizing the filler preshaped object to deform, thereby making the filler-

shaped body
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ABSTRACT

The present invention is to produce a shaped filler tobe filled

in a gap.continuously and efficiently in producing the beam

member made of the reinforcing fiber base material, even in the

case where a cross-sectional surface of the gap having a wedge

shape formed at a branching point of a reinforcing fiber base

materials changes in a longitudinal direction of the beam mempber,

2t a cross-sectional surface orthogonal to the longitudinal

direction of the beam member. For the objective, a process for

[ - .

Fiber base

producing a beam member formed by a reinforcing

#
p—

material which has a web portion and at least a palr of flange

portions extending to both sides via at least a branching point

from the web portion, at a cross-sectional surface orthogonal

to a longitudinal direction of the beam member, and by a shaped

filler which fills a gap having a wedge shape formed at the

branching point, is provided, wherein the shaped filler 1s

produced by at least the following production processes (A) TO

(C)

(A) a filler supply process for supplying a filler member

configured by reinforcing fibers;

(B) a preshaping process for providing a preshaped filler
having at least a wedge projection portion, by pressurizing the

filler member by a preshaping mold; and

(C) a filler deforming process for providing a shaped

filler by deforming the preshaped filler, Dby filling the

49
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preshaped filler into the gap and by pressurizing the preshaped

filler such that a tip of the wedge projection portioh is

P

directed to a tip of the gap having a wedge shape.

-

50
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DESCRIPTION

PROCESS AND APPARATUS FOR PRODUCING BEAM MEMBER

TECHNICAL FIELD

[0001]

The present invention relates to a process and an

apparatus for producing a beam member made of a reinforcing

fiber base material. More particularly, the invention relates

#
p—

to a process and an apparatus for efficiently producing a shaped

fillermade of a fiber structurewhich isto fill asa reinforcing

member a wedge gap of a beam member in a cross—-sectional surface

orthogonal to a longitudinal direction.

Y—

BACKGROUND ART

[0002]

Carbon-fiber reinforced plastics (CRFP) and glass—fiber

reinforced plastics (GEFRP) that use carbon fibers, glass fibers,

or aramid fibers as reinforcing fibers have light weight and

high durability. Therefore, these plastics arematerials that

are ideal for wvarious constituent members that constitute

automobiles, aircrafts, ships, and building components. -

{0003}

As a method of molding these fiber reinforced plastics

(FRP), there is an autoclave molding method for pressurizing

and/or heating and curing a laminate prepared by stacking

prepreg sheets made of reinforcing fibers and an epoxy resin
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having high toughness in an autoclave (a pressure vessel), for

example. A resin transfer molding (hereinafter referred to as

“RTM”) method and a vacuum RTM methoed are also well known. The

RTM method and the vacuum RTM is a method of molding a compound

material by impregnating a matrix resin in a reinforcing fiber,

by arranging in a mold a laminate (may also be called a preform)

prepared by stacking plural dry reinforcing fiber sheets not

imprégnated with a matrix resin, and by injecting a low
viscosity liguid matrix resin 1into the mold.

10004} '

In producing a beam member by combining a reinforcing

fiber base material prepared by combining various reinforcing

fiber sheets, a gap occurs between reinforcing fiber base

materials that form a pair (at a branching point of two

reinforcing fiber base materials having a bent portion). The

gap occurs because the reinforcing fiber base materials cannot

be completely deformed at a right angle due to high rigidity

e

of the fibers when the reinforcing fiber base materials are

bent.

[0003]

For example, in the case of producing a beam member having

a T-shaped cross-sectional surface by the RTM method or the

vacuum RTM method, two L-shaped reinforcing fiber base

materials 10a, 10b and one flat-plate-shaped reinforcing fiber

base material 10c are combined together to form a preform 11

of a T-shaped beam member for a production reason, as shown 1in

Fig. 1. At this time, a wedge gap 12 is formed at a branching



CA 02770383 2012-02-07

r—r

point (a portion corresponding to the bent portion of the

L-shape reinforcing fiber base material) of the two L-shaped

members and the flat-plate-shaped member joined together.

When a resin is injected into the preform of the T-shaped beam

member in a state that the wedge gap is left as it is, a molded

article having a resin-rich gap is obtained. When this molded

article is applied to a wing or the like of an aircraft, the

resin-rich gap generates insufficient rigidity and

insufficient junction strength when a large tensile load acts,

and this has a possibility of becoming a start point of break.

Because fibers of the branching point are disturbed by a resin

injection pressure at a molding time and because a gap ratio

O

O

3

—

g

the preform locally varies, there is a risk of occurrence

a void which becomes an internal defect of the molded article

in the resin-rich gap.

10006}

To avoid a defect and strength reduction during such a

molding process, the gap portion needs to be reinforced

be

forehand at a stage of producing the preform. As a

reinforcement measure, a method of molding where a preshaped

rod object (a shaped filler) made of a fiber structure is f£il leci

into the gap 1s well known. For example, there is proposed an

invention concerning a preshaped rod object (a shaped filler)

which is prepared by integrating a core member having a wedge

cross—-sectional surface made of a string composite having two

or more continuous string composites converged, and an external

member made of a continuous string configured in a cylindrical



CA 02770383 2012-02-07

P

shape that covers an external peripheral surface of the core

member in close contact with the external peripheral surface;

and a method of producing such a rod preshaped object (Patent

Document 1).

[0007]

This method has no problem when the method is applied to

a beam member that has a uniform thickness, a constant
cross—-sectional shape, and a constant wedge gap 1in a

longitudinal direction. However, when a beam member is used

as a cantilever, for example, a beam member of which a thickness

changes in a longitudinal direction (a thickness is reduced

toward a front end portion) 1s sometimes required. In this case,

a problem occurs because a cross—-sectional surface of the gap

changes continuously or at stages following a change of the

thickness of the beam member. This is because the

F

cross-sectional surface area of a shaped filler that fills the

r—
e

wedge gap 1s difficult to be changed along a longitudinal

direction. When a shaped filler having a constant

cross—sectional surface area is used, many gaps remain in some

places, or conversely, a density of reinforcing fibers

F

contained in the cross—-sectional surface of the gap becomes

excessive. As a result, strength reduction or delamination

occurs easily.
[0008]

As ameans for solving the above problem, there 1s proposed

an invention concerning a process and an apparatus for producing

a preshaped rod object (a shaped filler) that can be applied
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to gap portions of various cross-sectional surfaces and shapes,

by gradually taking out a split mold while pulling a base

gri—

material to a longitudinal direction with a die of a split-mold

P

structure, following preparation, in advance, of the base

material of a cut pattern which takes into account a change o:

the cross-sectional surface of the shaped filler (Patent

Document 2).

[0009] -

However, according to this invention, particularly in the

case of producing a preform of a long beam member in which a

cross—-sectional surface of a gap changes continuously at plural

times, many dies (split molds) need to be prepared to change

the cross-sectional surface of the shaped filler. Therefore,

facility cost to produce the shaped filler increases, and a work

P

process becomes extremely complex. Further, when preforms of

plural kinds of beam members are manufactured, a shaped filler

#

that matches respective gaps of the preforms needs to be

produced. Because dies need to be prepared or exchanged each

time, it takes time and labor, resulting in inefficiency.

PRIOR ART DOCUMENTS

PATENT DOCUMENT

[0010]

Patent Document 1: Japanese Patent Publication No.

3549271

Patent Document 2: Japanese Patent Application Laid-Open

No. 2007-1299
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INVENTION

SUMMARY OF THI

Lo

L.l

PROBLEMS TO BE SOLVED BY THE INVENTION

- [0011]

In the light of the above problems, in producing the beam

mempber made of the reinforcing fiber base material, an object

of the present invention is to provide a process and an apparatus

for producing a beam member where a shaped filler to bé filled

in the gap is capable of being continuously and efficiently

produced even 1n the case where a cross-sectional surface of

the gap having a wedge shape formed at a branching point of a

reinforcing fiber base materials changes in a longitudinal

direction of the beam member, at a cross—-sectional surface

P

orthogonal to the longitudinal direction of the beam member.

*)

MEANS FOR SOLVING TH;-PROBLEMS
100127 -

To achieve the above object, the present invention

employs any of the following processes.

(1) A process for producing a beam member formed by a

reinforcing fiber base material which has a web portion and at

—rm
—

least a pair of flange portions extending to both sides via at

least a branching point from the web portion, at a

cross—-sectional surface orthogonal to a longitudinal direction

of the beam member, and by a shaped filler which fills a gap'

having a wedge shape formed at the branching point, wherein the

shaped filler is produced by at least the following production
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processes (A) to (C):

(A) a filler supply process for supplying a filler member

configured by reinforcing fibers;

(B) a preshaping process for providing a preshaped filler
having at least a wedge projection portion, by pressurizing the

filler member by a preshaping mold; and

(C) a filler deforming process for providing a shaped

filler by deforming the preshaped filler, by filling the

preshaped filler into the gap and by pressurizing the preshaped

filler such that a tip of the wedge projection portion 1s

directed to a tip of the gap having a wedge shape.

(2) The process for producing a beam member according to

(1) above, wherein, a thickness of the reinforcing fiber base

material changés in a longitudinal direction of the beam member

and also a curvature radius of the reinforcing fiber base

material at the branching point changes 1n the longitudinal

direction of the beam member along a change of the thickness,

wherein

F

in the process (A), a reinforcing fiber sheet of which

a quantity of reinforcing fibers changes in a longitudinal

direction 1is supplied as the filler member,

in the process (B), a preshaped filler of which a

cross—-sectional shape changes 1n a longitudinal direction 1is

formed, by using a preshaping mold made of at least two mutually

opposing molds, and by changing a gap between the molds by
changing a relative position between the molds in accordance

with a passing of a filler member between the molds, and
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further, the reinforcing fiber base material and the

preshaped filler are intermittently carried by synchronizing

the both 1n a longitudinal direction, and the process (C) 1is

performed immediately after the preshaped filler passes the

preshaping mold.

(3) The process for producing a beam member according to

(1) or (2) above, wherelin, in the process (B), a filler member

1s preshaped by using a preshapingmold that has amold (x) having
a concave portion made of a straight line portion and a wedge

portion, amold (y) having a convex portion which can be engaged

with the straight line portion of the mold (x), and a mechanism

for changing a relative position of the mold (y) to the mold

(x), and by passing the filler member through a gap between the

mold (x) and the mold (y).

(4) The proc‘ess for producing a beam member according to

gr—

any of (1) to (3) above, wherein, 1n the process (A), a

P

reinforcing fiber sheet having a shape of which a width changes

in a longitudinal direction is used as the filler member.

(5) The process for producing a beam member according to

(4) above, wherein, in the process (A), the. reinforcing fiber

sheet 1s folded in a wave shape at least three times to a width

direction of the reinforcing fiber sheet.

(6) The process for producing a beam member according to

(4) or (5) above, wherein, a sheet comprising reinforcing fiber

to which an adhesive resin in a particle shape, a fiber shape,

or a sheet shape is partly added at least on one surface is used

as the reinforcing fiber sheet.



CA 02770383 2012-02-07

(7) The process for producing a beam member according to

(4) or (5) above, wherein, a prepreg that is formed by

impregnating a matrix resin in advance in reinforcing fibers

which form a sheet is used as the reinforcing fiber sheet.

P

(8) A beam member obtained by any of the p'rodut:tion

processes (1) to (7) above, wherein a cross-sectional surface
shape in a longitudinal direction of the beam member 1s any ot

an I shape, a T shape, and a J shape.

(9) A fiber reinforced resin molded article obtained by

impregnating a matrix resin in a beam member that 1is obtailned

by any of the productionprocesses (1) to (6)' above, and by curing

the matrix resin.

(10) A fiber reinforced resin molded article obtained by

curing a matrix resin that is impregnated in a beam member

obtained by the production process (7) above.

(11) An apparatus for producing a beam member, comprising

a carrying apparatus that intermittently carries at least two

flat-plate-shaped reinforcing fiber base materials, a web

portion forming apparatus that forms a bonded web portion by

partly heating and pressurizing, by a mold, the

flat-plate-shaped reinforcing fiber base materials carried; a

flange portion forming apparatus that is provided at downstream

side of the web portion forming apparatus, that opens a

non-bonded part of the flat-plate-shaped reinforcing fiber base

materials to left and right to form a flange portion and also

to form a gap having a wedge shape at a branching point of the

two reinforcing fiber base materials; a filler forming
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apparatus that forms a shaped filler; and an integrating

_

apparatus that 1is provided at downstream side of the flange

portion forming apparatus and the filler forming apparatus and

that integrates the reinforcing fiber base materials and the

shaped filler by heating and pressuriZing in a superimposed

state, wherein the filler forming apparatus further includes

the following devices (a), (b):

(a) adevice for forming a preshaped filler havingat least

one wedge projection portion, including a preshaping mold

having a mold (x) having a concave portion made of a straight
line portion and a wedge portion, a mold (y}) having a convex

portion which can be engaged with the straight line portion of

the mold (x), and a mechanism for changing a relative position

of the mold (y) to the mold (x); and

(b) a pressurizing device that pressurizes the preshaped

C1ller such that a tip of the wedge projection portion is

4

directed to a tip of the gap having a wedge shape.

[0013]

In the present invention, the “filler member” includes

a member of which reinforcing fibers are configured so as to

from a flat reinforcing fiber sheet by pulling the fibers at

least 1in one direction, and a member configured by a straight

line reinforcing fiber strand. A reinforcing fiber sheet can

be configured by a form-stabilized dry reinforcing fiber cloth
by partly adhering an adhesive resin described later to a

reinforcing fiber, or can be configured by a form~stabilized!

prepreg having amatrix resin impregnated in a whole reinforcing

10
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fipber. As these reinforcing fiber sheets, a unidirectional

woven fabric, a bidirectional woven fabric, a braided fabric,

"abric, and the like are suitably used. A reinforcing

[

UNwWOVeIl

P

fiber strand includes a strand unit, or an assembly of unit

strands, and a braided cord, having plural reinforcing fibers

arranged together. The reinforcing fibers include a carbon-

| —_—

"iber, a glass fiber, an aramid fiber, etc.

10014]

The “reinforcing fiber base material” 1s the

above~described “reinforcing fiber sheet” itself, or a layer

of plural reinforcing fiber sheets. 1In the case of stacking

reinforcing fiber sheets, fibers of the reinforcing fiber sheet

can be stacked by changing directions of the fibers at 0°, +45°,

~45°, 90° sequentially from a lower layer, to provide

pseudoisotropy, for example, or can be stacked to reinforce in

only a specific direction.

[0015]

In the present invention, the “filler member” and the

“reinforcing fiber base material” do not need to be made of the

same materials. A dry reinforcing fiber sheet can be used for

the “filler member”, and a prepreg can be used for the

“reinforcing fiber base material”. A reinforcing fiber strand

can be used for the “filler member”, and a reinforcing fiber

sheet can be used for the “reinforcing fiber base material”,

Oor VvVlice versa.

[0016]

The “reinforcing fiber base material which has a webD

11
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portion and at least a set of flange portions extending to both

sides via at least one branching point from the web portion”

1s a combined object that constitutes a web portion and a flange

portion by combining at least plural reinforcing fiber base

materials having bent portions. For example, as shown 1n Fig.

1, a web portion and a flange portion can be formed by combining

three reinforcing fiber base materials 10a to 10c.

Alternatively, a web portion and a flange portion can be formed

by only plural reinforcing fiber base materials having bent

portions, without the reinforcing fiber base material 10c on

a flat plate as shown in Fig. 1. The “flange portion” 1s a

horizontal plate element provided at an upper edge (or a lower

P

edge) in a beam member of a T-shaped cross-sectional surface,

for example. The “web” portion is a perpendicular plate element

connected to the flange portion. Mainly by applyiﬁg a

resistance force acting on a bending moment of the flange

portion and a resistance force acting on the shearing force o

the web portion, a cross-sectional secondary moment becomes
large, and bending rigidity improves.
[0017]

The “wedge shape” i1is a shape where one end has a large
width and the width pecomes smaller toward the other eﬁd.

Although the width becomes smaller toward the other end

preferably at a uniform degree, the degree does not need to be

uniform.

10018]

Further, the “adhesive resin” has a mode of a particle

12
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shape, a fiber shape, or a £ilm shape, and is for partly adhering

to a reinforcing fiber. Preferably, the “adhesive resin” has

a glass transition temperature within a range of 50 to 100°C,

when adhesion of a resin to a reinforcing fiber or handling in

a normal temperature environment is considered. As a component

)

of the adhesive resin, a component that improves easiness O:

handling a reinforcing fiber base material is preferable. More

P
—

d

preferably, the component improves a mechanical property O:

reinforced fiber plastic that is obtained by using the adhesive
resin. For the adhesive resin, various thermosetting resins
and/or thermoplastic resins can be used. The thermosetting

resins include an epoxy resin, a phenol resin, an unsaturated

polyester resin, for example. The thermoplastic resins

include a polyethersulfone resin, a polyolefin resin, a

polystyrene resin, a polyamide resin, a polyurethane resin, a

polyphenylene sulfide resin, a polyetheretherketone resin, foOr

example.

(00191

Further, the “matrix resin” is a resin impregnated with

1)

a

a whole reinforcing fiber, and is for stabilizing a form O:

reinforcing fiber in a sheet shape. For the matrix resin,

various thermosetting resins and/or thermoplastic resins can

be used, in a similar manner to that of the adhesive resin. The
thermosetting resins include an epoxy resin, a phenol resin,

an unsaturated polyester resin, for example. The

thermoplastic resins include a polyethersulfone resin, a

polyolefin resin, a polystyrene resin, a polyamide resin, a

13
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polyurethane resin, a polyphenylene sulfide resin, a

polyetheretherketone resin, for example.

EFFECTS OF THI

INVENTION

L]

10020]

According to the process and the apparatus for production

1in the present invention, as explained below, in producing a.

beam member made of reinforcing fiber base materials, even when

a cross-sectional surface shape of a wedge gap (a gap portion

that 1s formed at a portion where a pair of reinforcing fiber

base materials branches, for example) on a cross-sectional

surface which is orthogonal to a longitudinal direction of the

reinforcing fiber base material changes in the longitudinal

direction of the reinforcing fiber base material, a shaped

o
—

fillerto fill thegap is continuously and efficiently produced,

and a high-definition beam member can be obtained.

L*]

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

Fig. 1 is a schematic cross-sectional view showing a

p—

branching point of a beam member obtained by the present

invention.
Fig. 2 1is a schematic perspective view showing an example

of an apparatus for producing a beam member used in the present

invention.

Fig. 3 is a schematic perspective view showling an example

of a process for producing a shaped filler in the present

14
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invention.

Fig. 4(a) is a schematic cross—-sectional view and Fig.

&

d

4 (b) is a schematic perspective view showing an example O:
preshaping meld that can be used 1n the present invention.

Fig. 5(a) is a schematic cross-sectional view showing an

1)

d

example of a beam member for a case where a thickness o:

reinforcing fiber base materials changes from a large to small

thickness and Fig. 5(b) is a schematic cross-sectional view

P

showing an example of a preshapingmold in which a filler member

is filled.

Fig. 6 is a schematic view showing an example of cutting

patterns (a) to (e) of a filler member used 1n the present

invention.

Fig. 7(a) is a schematic cross-sectional view showing a
shape by a preshaping mold, and Fig. 7(b) 1s a schematic
cross-sectional view showing a deformation principle to a

shaped filler, when a filler member including a large quantity

of fibers is used, respectively.

1

Fig. 8(a) is a schematic cross-sectional view showlng a

shape by a preshaping mold, and Fig. 8(b) 1s a schematic

cross-sectional view showing a deformation principle to a

shaped filler, when a filler member including a smallest

quantity of fibers is used, respectively.

I/'\

Fig. 9.is a schematic view showing an example of a

preferable pressing method of a preshaped filler 24.

Fig. 10 is a schematic view showing shape pattern examples

(a) to (c) of a concave portion of a preshaping lower mold.

15
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Fig. 11(a) is a schematic cross—-sectional view and Fig.

11 (b) 1s a schematic perspective view, showing a preshapingmold
according to another embodiment that can be used in the present
invention.

Fig. 12 i1s a schematic cross-sectional view showling an

-

a cross—-sectional surface 32 of an area

F
r—

area change o1
surrounded by a preshaping lower mold 23a and a preshaping upper
mold 23b shown in Figs. 1l(a), (b).

Fig. 13 is a schematic cross-sectlonal view showing an

foldinga filler member used 1in the present

go—
—

example of amethod o:

invention.

Fig. 14 is a schematic cross-sectional view showing a

-

gulide of a filler member used in the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION
[0022]

g b

A preferred embodiment of a process and an apparatus for

producing a beam member according to the present invention 1s

explained below with reference to the drawings. Specifically,

there i1s explained a case of changing an R shape (a curvature

radius) of a curve line forming a wedge shape of a shaped f1ller,

froma large R shape to a small R shape, corresponding to a change

P

of a cross—-sectional shape of a gap formed at a branching point

.
.~

of reinforcing fiber base materials that makes a pair

configuring a beam member.

10023]

Fig. 2 1is a schematic perspective view showing an example

16
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of an apparatus for producing a beam member according to the

present i1nvention. More specifically, Fig. 2 shows an

apparatus that produces a beam member with a T ctoss-sectional
shape shown 1in Fig. 1. The apparatusmainly includes a material
supplylng apparatus (e.g. material supplying apparatuses 80a,

80b), a material carrying apparatus (e.g. a pulling apparatus

81}, a web portion forming apparatus 82, a flange portion

forming apparatus 83, a filler forming apparatus 84, and an

integrating apparatus 85. These apparatuses are explained in
detail below.

[0024]

The material supplyling apparatus is an-apparatus that

mounts various materials, such as a reinforcing fiber base

material anda filler member, at suitable places of an apparatus
for producing a beam member. For example, the material

supplying apparatus corresponds to the material supplying

apparatus 80a that includes a table for mounting a

[ -

clat-plate-shaped reinforcing fiber base material 10c 1n Fig.

1, and the material supplying apparatus 80b that includes a
table for mounting a filler member 20. Although Fig. 2 does

not show material supplying apparatuses of reinforcing fiber

base materials 10a, 10b in Fig. 1, the apparatus in Fig. 2 also

includes these material supplying apparatuses.

[0025]

Preferably, guides that are parallel with proceeding

directions of wvarious materials are set in the tables that

constitute the material supplying apparatuses. With this

17
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arrangement, a positional deviation does not easily occur when
various materials are integrated by the integrating apparatus
85 described later.

[0026]

The material carrying apparatus 1s a carrying device that

carries various materials to a downstream side withln the

apparatuses for producing a beam member. For example, the

material carrying apparatus corresponds to a pulling apparatus

81 that intermittently carries reinforcing fiber basematerials

2la, 21b corresponding to the reinforcing fiber base materials

10a, 10b 1in Fig. 1 to the integrating apparatus 85 at a constant

interval. The pulling apparatus 81 1s configured by plural

chucks and an actuator that drives the chucks, and can' hold two

flat-plate-shaped reinforcing fiber base materials 21la, 21Db.
Although not shown in Fig. 2, the apparatus in Fig. 2 also

includes a material carrying apparatus that carries the

reinforcing fiber base material 10c and the filler member 20

to a downstream side synchronously with an intermittent supply

P

of the reinforcing fiber base materials 21la, 21b.

10027]

The web portion forming apparatus 82 is configured by left

and right molds having a heating mechanism, and partly heats

and pressurizes the two reinforcing fiber base materials 21a,

21b when the pulling operation is stopped. With this

arrangement, the web portion forming apparatus 82 shapes a web

gh—

portion of the beam member, bonds between layers of the

reinforcing fiber base materials by softening or melting an

18
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adhesive resin arranged between the layers, and fixes the shape.

[0028]

The flange portion forming apparatus 83 is provided at

a2 downstream side of the web portion forming apparatus 82, and

includes a guide plate and the like provided between the two

reinforcing fiber base materials 21la, 21b. The guide plate has

a streamline shape, and gradually opens un-adhered portions of

the reinforcing fiber base materials 2 la, 21b to left and right.

With this arrangement, a shape of the reinforcing fiber base

materials 2la, 21b is changed from a flat-plate shape to an

I-shape having a flange portion, and at the same time, a gap

having a wedge shape that is recessed from the flange portion

F

is formed at a branching point of the reinforcing fiber base .

materials 2la, Z21b.

[0029]

Although the flange portion forming apparatus 83 1s shown

as the guide plate in Fig. 2, the flange portion forming
apparatus 83 can be a roller drape mechanism that gradually

opens the reinforcing fiber base materials to an L shape by

pulling the reinforcing fiber base materials with rollers and

the like.

(00301

The filler forming_apparatus 34 includes a préshaping
lower mold 23a having a concave portion, and a preshaping upper
mold 23b having a convex portion that can be engaged with the
concave portion, as shown in Fig. 3, for example. The filler

forming apparatus 84 also includes a press machine 26 that rorms
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a shaped filler 27, by pressing a preshaped filler 24 formed

by these molds, to a direction of a tip of the gap having a wedge

Shape that is formed by opening the un-adhered portions of the

reinforcing fiber base materials 2la, 21b to left and right.

The filler forming apparatus 84 intermittently continuously

forms the shaped filler 27 having a desired cross-sectional

F Y

shape, together with a combined set of the reinforcing fiber
base materials.

10031 ]

The integrating apparatus 85 provided at a downstream

side of the flange portion forming apparatus 83 and the filler

forming apparatus 84 has at least a heating mechanism, and

preferably has a heatingmechanismanda coolingmechanism. The

integrating apparatus 85 1is Configured by an upper mold and a

lower mold that can be divided into left and right sections.

The integrating apparatus 85 superimposes the

flat-plate-shaped reinforcing fiber base material 10c on the

two reinforcing fiber base materials 21a, 21b opened in an L

shape by the flange portion forming apparatus 83 and the shaped

filler 27, integrates these objects together, and heats and

pressurizes the integrated object. With this arrangement, an

adhesive resin material on a surface of the reinforcing fiber

base material is softened or melted, and layers are adhered

together. Immediately after the adhesion, the adhered layers

are cooled, and a shape of the beam member can be fixed. The
integrating apparatus 85 includes a pulling mechanism 86 that

sequentially carry out a formed beam member, operating 1in
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!

conjunctidn with an intermittent supply of the reinforcing

fiber base materials 21a, 21b by the pulling apparatus 81 and

an intermittent supply of the reinforcing fiber base material
10c and the filler member 20 by 1ts carrying apparatus.

[0032]

In the above apparatus, a beam member is produced as

follows, for example. First, various materials such as

reinforcing fiber base materials and filler members are mounted

at predetermined positions of the apparatus for producing a beam

member, by the material supplying apparatuses (the material

supplying apparatuses 80a, 80b, for example). Thereatfter, the

various materials are intermittently carried to the integrating

apparatus 85, by the material carrying apparatus -(such as the

P

pulling apparatus 81). In the middle of the carrying of the

various materials to the 1ntegrating apparatus 85, the

reinforcing fiber base materials 21la, 21b are partly heated and

pressurized by the web portion forming apparatus 82, and the

web portion is formed. After the web portion is formed, the

un—-adhered portions of the reinforcing fiber base materials 21a,

21b are opened to left and right by the flange portion forming

apparatus 83, and the flange portion 1s formed. At this time,

a gap having a wedge shape that is recessed from the flange
portion i1s also formed at a branching.point of the reinforcing
fliber base materials 2la, Z21b. On the other haﬁd, a filler
member 1s pressurized in the middle of being carried from the
material carrying apparatus to the integrating apparatus 89,

by a preshaping mold 23 that constitutes the filler forming
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| apparatus 84, and a preshaped filler having at least one wedge

projection portion is formed. Subsequently, the preshaped

filler is 'mounted in a gap which is formed at the branching point

of the reinforcing fiber base materials 2la, 21b, the tip of

the wedge projection portion is pressurized by the press machine

26 to face a wedge tip of the gap, and a shaped filler is obtained.

The L-shaped reinforcing fiber base materials Z21a, 21b and the

shaped filler 27 that are carried and produced 1n this way'are

superimposed with the flat-plate-shaped reinforcing fiber base

material 10c when necessary, and are heated and pressurized to
be 1ntegrated by the integrating apparatus 8o.

[0033]

In the embodiment shown in Fig. 2, 1n forming the web

portion and the flange portion by Combining reinforcing fiber

base materials, the flat-plate-shaped reinforcing fiber base

material 10c is combined in addition to the two L-shaped

reinforcing fiber base materials 21la, 21b. Alternatively, the

web portion and the flange portion can be formed by only two

reinforcing fiber base materials having a bent portion.

However, from a viewpoint of improving bending rigidity of the

beam member to be obtained, preferably, the flat-plate-shaped

reinforcing fiber base material 10c is combined with at least

the two reinforcing fiber base materia,ls 21a, 21b having a bent

portion.

10034 ]

A detail of a production process of a shaped filler 1is

explained next with reference to a schematic perspective view
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in Fig. 3.
[0035]

In Fig. 3, 20 denotes a filler member that i1s configured

by a dry reinforcing fiber sheet of which a form is stabilized,

by dispersing an adhesive resin material and by partly bonding

the adhesive resin material to the reinforcing fiber.

Reference numerals 21a, 21b denote L-shaped reinforcing fiber

pase materials, respectively being produced by bending a

flat-plate-shaped reinforcing base material which 1is formed by

“iber sheet of a filler member and a

|

stacking a reinforcing

simlilar reinforcing fiber sheet.

10036]

The reinforcing fiber base materials 21la, 21b are, as

described above, mutually partly heated, pressurized, and

adhered. The base materials are then intermittently carried

to a downstream side by being held by a mold 25. In this case,

the filler member 20 is folded while being carried to the

preshaping mold 23 (the preshaping lower mold 23a and the

preshaping upper mold 23b) at the same timing as that of a move

of the two L-shaped reinforcing fiber base materials 21a, 21b

held by the mold 25. The folded filler member 20 is heated and

pressurized by being passed through between the preshaping
lower mold 23a and the preshaping upper mold -2 3b that are heated

respectively by a heater, and is then preshaped as the preshaped

filler 24. Thereafter, the preshaped filler 24 1is directly

pressurized by the press machline 26 against the gap having a

wedge shape formed at the branching point of the two L-shaped
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reinforcing fiber base materials 21la, 21b held by the mold 25.

As a result, a shape of the preshaped filler 24 1s changed, and

the shaped filler 27 having a shape which fits the gap 1is

provided.

[0637]

At this time, because the preshaped filler 24 1s preshaped

to have a wedge projection portion by the preshaping mold 23,

the preshaped filler 24 canbe filled in a proper density without

an unfilled portion to the depth of the gap having a wedge shape

that 1is formed at the branching point of the two L-shaped

reinforcing fiber base materials 21a, 21b.

[0038]

It 1s sufficient that the preshaping mold 23 only

-y

pressurizes the filler member 20 to form a preshaped object 1if

the filler member 20 has a desired temperature, 1n advance.

Therefore, the filler member 20 can be heated at an upstream

side of the preshaping mold 23, and thereafter pressurized by

the preshaping mold 23 having no heating mechanism to form the

preshaped filler 24.- Alternatively, the filler member 20 can

be preshaped to have a wedge projection portion by the

preshaping mold 23 having no heating mechanism, and thereafter
heated. The preshaped filler 24 obtained can be pressurized

toward the gap having a wedge shape that is formed at the

branching point of the two L-shaped reinforcing fiber base
materials 2la, Z21b.

[0039]

When the filler member 20'is heated and pressurized by

24



CA 02770383 2012-02-07

the preshaping mold 23 in the above-described mode, the filler

- member 20 can be easily deformed, and the preshaped filler 24

can be easily deformed to the shaped filler 27. Therefore, this

embodiment is preferable. 1In addition, the apparatus for

‘producing a beam member can be made compact.

[0040]

When the filler member 20 is heated and pressurized by

the preshaping mold 23, the preshaped filler 24 is kept softened

by a heating process immediately after the preshaped filler 24

is pulled out from the preshaping mold 23. However, the

preshaped filler 24 is gradually cooled and hardened when the

preshaped filler 24 is placed in a normal temperature atmosphere,

and becomes difficult to be deformed to the shaped filler 27 .

Therefore, preferably, the press machine 26 pressurizes

immediately after the preshaped filler 24 passes between the

preshaping molds, that is, while the carrying is stopped

immediately after the preshaped filler passes between the
preshaping lower mold 23a and the preshaping upper mold Z3b.

[0041]

A preshaping mold that can be used in the present invention

is explailned next.

(0042}

The preshaping mold to be used preferably includes a mold
(x) having a concave portion including a straight line portion

and a wedge portion, and a mold (y) having a convex portion that

can be engaged with the straight line portion of the mold (X).

Further, preferably, the preshaping mold includes a mechanism
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for changing a relative position between the two molds (x), (V)

that face each other.

10043]

Specifically, the preshaping mold is configured by the

preshaping lower mold 23a and the preshaping upper mold 23b,

as shown in Fig. 4. Fig. 4(a) 1s a schematic cross-sectional
view, and Fig. 4 (b) 1s a schematic perspective view.
(00447

The preshaping lower mold 23a shown in Fig. 4 1s provided

wlth a concave portion comprising a straight line portion 30

.

"ormed in a depth direction and a wedge curve line portion 31

that 1s connected to the straight line portion. In this case,

preferably, a length of the straight line portion 30 is set large

enough so that whole of filler members 20 is contained within

the concave portion even when a maximum fiber quantity of the

filler member 20 1s input. The curve line portion 31 is made

P

of an arc that matches a curvature radius of a bent portion at

the combined object that is formed at the branching point of

the two L—shaped reinforcing fiber base materials 21a, 21b. On

the other hand, the preshaping upper mold 23b 1s provided with

the convex portion that can be engaged with the straight line

portion 30 of the lower mold. A filler member is accommodated

in an area (a cross-sectional surface 32) surrounded by the

preshéping lower mold 23a and the preshaping upper mold 23b,

and 1s heated and pressurized. As a result, the filler member
1s preshaped to have the wedge projection portion.

[0045]
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The area (the cross-sectional surface 32) surrounded by

the preshaping lower mold 23a and the preshaping upper mold 23b

is explained in further detail with reference to Fig. 5. Fig.

5(a) is  a cross-sectional view of a beam member of which

thicknesses of the two L-shaped reinforcing fiber base

materials 21la, 21b change in a longitudinal direction of the

beam member from t (an upper drawing in Fig. 5(a)) to t-At (a

lower drawing in Fig. 5 (a).) . In the case of producing a beam

member of which a curvature radius at a valley side of a bent

portion of a reinforcing fiber base material 1s constant at R,

a curvature radius at a hill side of the bent portion of the

reinforcing fiber base material that is in contact with a

preshaped filler changes from R+t to R+t-At corresponding to

thinckness change, as shown in Fig. 5(a). In this case,

N

preferably, a curvature radius of the curve line portion 31 o:

the preshaping lower mold 23a matches the curvature radius R+t

at the hill side when the reinforcing fiber base material has

a maximum thickness t, as shown in Fig. 5(b). Further,

preferably, a lateral width 40 of the cross—-sectional surface

32 of an area surrounded by the preshaping mold is set 1n a

relationship of A>B, where A 1s a cross-sectional area of a gap
having a wedge shape formed at a branching point when a thickness

of an L-shaped reinforcing fiber base material is the smallest

(a thickness is t—-At), and B 1s an area of the cross-sectional

surface 32 of an area surrounded when the preshaping lower mold
23a and the preshaping upper mold 23b are closest to each other.

That is, preferably, the curve line portion 31 of the preshaping
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lower mold 23a has a curvature radius R+t, and the lateral width

40 of the cross-sectional surface surrounded by the preshaping

lower mold 23a and the preshaping upper mold 23pb becomes smaller

-y

than a value of the radius (R+t)x2 as shown by a dotted line

in Fig. 5(b). By configuring'thé preshaping mold in this way,

a preshaped filler obtained is crashed through pressing by the

press machine, and the reinforcing fibers contained in the

preshaped object can be easily spread to left and right, and

can be finally deformed in a proper shape.

10046]

P
Py

As a mechanism for changing a relative position of

opposing two molds, a configuration as shown 1in Fig. 4 (b) can

be employed, for example. For example, preferably, a sliding

mechanism is provided, such as a guide shaft 33 is installed
between the upper and lower molds, such that the preshapiling

upper mold 23b can be smoothly brought close to or retracted

from the preshaping lower mold 23a. In this way, by configuring

one of the preshaping lower mold 23a and the preshaping upper

mold 23b to be able to be retracted from or brought close to
each other in up and down directions such that a relative

pr—

- position of- the preshaping upper mold.23b in a direction .

perpendicular to the preshaping lower molid Z23a can be changed,

F

a shape (an area of a cross-sectional surface orthogonal to a

longitudinal direction) of the preshaped filler 24 can be

changed tomatch a change of a fiber quantity of the filler member
20.

[0047]
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Regarding a relative position of the preshaping upper

mold 23b to the preshaping lower mold 23a, an interval between

the preshaping lower mold 23a and the preshaping upper mold 23b

can be suitably adjusted by a servomotor based on data which

is input in advance corresponding to a change of the fiber

quantity of the filler member 20. An 1nterval between the upper

and lower molds can be adjusted by a spring. Further, 1in the

case of engaging the preshaping upper mold 23b with the

preshaping lower mold 23a by dropping the preshaping upper mold
23b by force of gravity, the preshaping upper mold Z23b 1s

automatically accommodated at a proper position by reactive

P

force of the

[ o

"iller member 20, and therefore, this 1s

preferable.

10048]

Further, preferably, the preshapingmold is providedwith

a mechanism to heat the filler member. Speclfically, as shown

in Fig. 4, for example, each of the preshaping lower mold 23a

and the preshaping upper mold Z23b 1s preferably provided with

one or plural hollow portions 22 to pass a heater to heat the

filler member 20. For the heater, an electric heater cépable

of increasing a temperature in a short time is preferably used

Mg

from a viewpoint of work efficiency, but 1s not limited to the

electric heater. Preferably, the heater can adjust a

temperature of a mold to a target temperature by a temperature

adjusting apparatus (not shown), and can heat a filler member
by -bringing the filler member into contact with the mold.

Although there is no particular limit to a range of a heating
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temperature of the filler member 20, the heating temperature

is higher than a softening temperature Tg of an adhesive resin

and a matrix resin, preferably by 5°C or more, and more

preferably by 10°C or more, to soften the adhesive resin or the

matrix resin contained in the filler member at a proper

Cemperature.

- [0049]

Preferably, the preshaping mold surface which 1is 1in

contact with a preshaped filler member is made of a material

having a mold release property.

[0050]

A method of forming the shaped Fi11ér 27 by changing a

cross—sectional shape of the preshaped filler 24 1s explained

below in further detail with reference to the following

drawlngs.

[0051]

Fig. 6 is.a schematic view showing an example of cutting

patterns of the filler member 20 made of a reinforcing filber

sheet that can be used in the present invention.

[0052]

As shown in Fig. 6(a), for example, a reinforcing fiber

sheet to be used in a filler preparation process 1s cut as to

change a fiber quantity by suitably changing a width of the

reinforcing fiber sheet in a longitudinal direction. With this

arrangement, the reinforcing fiber sheet can be suitably

F

adapted to a change of a cross—-sectional area in a longitudinal

direction of the gap that i1s formed at the branching point o:
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the beam member. In this case, the reinforcing fiber sheet to
be .prepared 1s in substantially a trapezoidal shape. For

example, to a side 50 having a large width and a side 51 having
a small width, one of other two sides can be at a right angle,

as shown in Fig. 6(a), or both of the other two sides can be

cut obliquely to the side 50 having a large width and the side

51 having a small width of the reinforcing fiber sheet, as shown

in Fig. o6{(b). Further, when the reinforcing fiber sheet is

adapted to a cross-sectional area of the gap that is formed at

the branching point of the beam member, preferably, the

reinforcing fiber sheet is cut partly obliquely or at stages,

as shown Fi1g. 6(c) to Fig. 6(e).

[0053]

In the case of producing a shaped filler having a constant

cross-sectional surface in a longitudinal direction, a

‘reinforcing fiber sheet of a constant width 1s prepared. In

the case of using an assembly of plural strands for the filler

member 20, a reinforcing fiber sheet can be adapted to a

cross-sectional area of a gap to be formed at the branching point

of the beam member by reducing the numpber of the strand.

(0054 ]

A system of forming the preshaped filler 24 and a system

of deforming the preshaped fillei: 24 to the shaped filler 27
are sequentially explained with ieference to Fig. 7 and Fig.
8, for cases where a fiber quantity of the filler member 20 1s
large and is small, that is, at respective positions of the side

50 that has a large width of the reinforcing fiber sheet and
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the side 51 that has a small width of the reinforcing fiber sheet.

[0055]

Fig. 7 are schematic cross-sectional views showilng

i
—

systems of forming the preshaped filler 24 from the filler

B

member 20 having a large fiber quantity, and further deforming

the preshaped filler 24 to the shaped filler 27.

[0056]

As shown in Fig. 7(a), when a fiber quantity of the filler

member 20 is large, the preshaping upper mold 23b is retracted

upward from the preshaping lower mold 23a. The filler member

20 is heated and pressurized between the upper and lower

preshaping molds, and is formed to the preshaped filler 24

having a straight line portion and a wedge portion.

Subsequently, as shown in Fig. 7(b), the preshaped filler 24

is arranged in a gap, which is formed at the branching point

of the reinforcing fiber base material at the assembly of the

two L-shaped reinforcing fiber base materials Z2la, Z21b.

Thereafter, the preshaped filler 24 is directly pressurized by

the press machine 26 toward the gap formed at the branching point

 amadd

of the reinforcing fiber base materials. Accordingly, the

fibers contained in the straight line portion (the portion

corresponding to the straight line portion 30 of the preshaping

lower mold 23a shown in Fig. 4) of the preshaped filler 24 are

spread so as a curve line portion corresponding to a curvature

 of the bent portion of the L-shaped reinforcing fiber base

materials 2la, 21b is provided.

10057]

32



CA 02770383 2012-02-07

On the other hand, Fig. 8 are schematic cross—-sectional

views showing systems of forming the preshaped filler 24 from

the filler member 20 having the smallest fiber quantity, and

further deforming the preshaped filler 24 to the shaped filler
27 .

[0058]

As shown in Fig. 8(a), when a fiber quantity of the filler

member 20 is the smallest, the filler member 20 1s also formed

into the preshaped filler 24 by being heated and pressurized

between the upper and lower preshaping molds. ' However, because

a fiber gquantity of the filler member that is input to the

preshaping mold is the smallest, a straight line portion is not

formed in the preshaped filler 24. The preshaped filler 24 1is

thereafter arranged in a gap formed at the branching point of

an assembly of the two L-shaped reinforcing fiber base materials

2la, 21b, as shown in Fig. 8(Db).
[0059]

The case where the fiber quantity of the filler member

pr———
el

20 is the smallest means a case where a curvature radius of a

|

bent portion of the L-shaped reinforcing fiber base materials

2la, 21b corresponding to the shaped filler 27 is smaller than

that in a case where a fiber quantity of the filler member 20

as shown in Fig. 7(b) is large (that is, a case where thicknesses

of the L-shaped reinforcing fiber base materials 2la, 21b are
large). On the other hand, the preshaped filler 24 obtained
by the preshaping mold has a large curvature radius of the curve

line portion that is formed along a shape of the concave portion
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of the preshaping lower mold 23a. Therefore, at a stage of

2012-02-07

arranging the preshaped fil

L—-shaped reinforcing fiber

F

ler 24 at the branching point of the

base materials 21a, 21b, only a tip

of the wedge portion of the preshaped filler 24 is in a mode.

of being engaged, as shown in Fig. 8(b).

[0060]

Thereafter, the shaped filler 27 1s formed by deforming

the preshaped filler 24 to

by the press machine 26.

(0061]

At the time of press

follow the wedge shape of the gap,

urizing the preshaped filler 24 by

the press machine 26, preferably, the preshaped filler 24 1is

pressurized by a method indicated by Fig. 9, such that the

preshaped filler 24 is deformed along the wedge shape of the

gap. That 1s, preferably,

the preshaped filler 24 1is

pressurized from outside to inside such that the preshaped

filler 24 is deformed alon

P

longitudinal direction of

g the curve line of the wedge shape

of the gap, on a cross-sectional surface orthogocnal to a

the preshaped filler 24. With this

arrangement, a beam member in which the preshaped filler 1s

obtained.

10062]

A width of the press

filled deep into the gap with a proper density can be easily

machine 26 preferably i1ncludes the

branching point of the L-shaped reinforcing fiber base

materials 21a, 21b and further includes a flat portion at both

ends of the L-shaped reinforcing fiber base materials.
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i

Further, in the case of combining the flat-plate-shaped

reinforcing fiber base material 10c after arranging the shaped
filler 27 in the gap formed by the reinforcing fiber base

materials having a bent portion as shown in Fig. 1, , the

flat-plate-shaped reinforcing fiber base material 10c 1is

required to Dbe .superimposed to be in flat. Therefore,

preferably, the press machine 26 has a sufficient width such

that the shaped filler 27 can be pressed so as not to project

upward exceeding the flat portion of the two L-shaped

reinforcing fiber base materials 2la, 21b. Although air or oil

is suitably used as a pressing mechanism of the press machine

26, the pressingmechanismis not limited to these. Preferably,

a surface of the press machine 26 in contact with the preshaped

filler 24 is heated to facilitate deformation of the preshaped

filler 24.

[0063]

In the embodiment explained above, although the curve

line portion 31 of the preshaping lower mold has an arcC shape

corresponding to a curvature radius of a largest thickness (a

largest number of stack layers) of the L-shaped reinforcing

fiber base materials 21a, 21b, a shape of the curve line portion
31 is not limited to the arc*; shape. For example, the curve line
portion 31 can have a -straight line shape or a bent line shape
as' shown 1n Fig_s. 10(a), (b), or can have a round tip of an arc
shape portion that forms a wedge shape as shown in Fig. 10(c).
However, from a vieWpoiht of filling the shaped filler deep

inside the gap having a wedge shape formed at the branching point
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of the two L-shaped reinforcing fiber base materials 21la, 21b

1n a proper density without anunfilled portion , the curve line

portion 31 has preferably a wedge shape having a sharp tip as

shown 1n Fig.

10064]

4.

Further, the preshaping mold can have the following

configuration

[0065]

Fig. 11(a) is a schematic cross-sectional view and Fig.

11 (b) 18 a sche

matic perspective view, showing a preshaping mold

_aCcording to another embodiment, respectively.

1+ I} Fig.

11(a), the preshaping lower mold 23a is divided

into two of left and right sides. FEach of the two preshaping

lower molds 23a has combteeth which are parallel with a

direction orthogonal to a mold length direction, and these

combteeth are arranged in a mold length direction such that the

combteeth of the left and right preshaping lower molds are

engaged with each other. The two preshaping lower molds 23a

also have a curve line portion 70 that forms a gap having a wedge

by combining the two preshaping lower molds 23a. The'curve line

portion 70 1s

radius of the

formed by an arc shape that matches a curvature

bent portion at the branching point of the two

L-shaped reina:

[0066]

forcing fiber base materials 2la, 21b.

Further, a sliding mechanism 72 1s provided between the

preshaping lower molds 23a and the preshaping upper mold 23D

such that posi

tions of the preshaping lower molds 23a relative
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to the preshaping upper mold 23b in a horizontal direction can
be changed. The preshaping lower molds 23a can be moved by
pressurizing the preshaping lower molds 23a to an arrowhead
directioﬁ in Fig. 11(a) by a pressing mechanism 71.
[0067]

The preshaping lower molds 23a and the preshaping upper
mold 23b are provided with one or plural hollow portions 22 1in
which a heater for heating the filler member 20 is passed through.

The heater can be suitably selected in a similar manner to that

of the preshaping mold described with reference to Fig. 4(b).

[0068 ]

A cross-sectional surface 32 of an area surrounded by the
preshaping lower molds 23a and the preshaping upper mold 23b
shown in Fig. 11 is explained below in further detail with

reference to Fig. 12. Figs. 12(a) and 12(b) are schematic

cross-sectional views showing a change of a dimension of the

cross-sectional surface 32 surrounded by the preshaping lower

molds 23a and the preshaping upper mold 23b shown in Fig. 11.

[00069]

InFig. 12 (a), acurvature radius of the curve line portion
70 of the preshaping lower molds 23a is matched with the
curvature radius R+t at the hill side Qhen the two L-shaped
reinforcing fiber base materials 2la, 21b have a maximum
thickness 't, as described with reference to Fig. 5 in the above
embodiment. The two left and right preshaping lower molds 2Z23a
can change their positions td where the combteeth are not

engaged each other (Fig. 12(a)) and where the combteeth are
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engaged each other (Fig. 12(b)), by the sliding me_chanism 72

provided between the preshaping lower molds 23a and the

preshaping upper mold 23Db. With this a ~rangement, a dimension

of the area (the cross-sectional surface 32) surrounded by the

preshaping lower molds 23a and the preshaping upper mold 23b|

can be changed, and a preshapved filler havinga cross—-sectional

change can be formed.

[0070]

Preferably, the combteeth of the preshaping 'lower molds

23a are fine and provided by a largé number. With this

B

arrangement, when the filler member 20 varying a quantity o3

fibers passes between the preshaping molds, i1t becomes

difficult for the filler member to enter the concave portion.

Further, because the filler member 20 can be more uniformly

prought into contact with the preshaping lower molds 23a, uneven

heating of the filler member can be prevented. It is preferable

to increase a number of combteeth because there is a risk that

a mold surface and the filler member 20 are not in contact with

each other in the concave portion of engageable combteeth and

‘that the filler member 20 is not heated. Preferably, a

.

combteeth surface is made of a material having a mold release

property such that the combteeth are not entangled with the

filler member 20.

[0071]

Regarding the move of the présbaping lower molds 23a in
a horizontal direction, a servomotor can be used as the pressing

mechanism 71, and an output of the servomotor can be suitably
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adjusted based on data input in advance corresponding to a

change of a fiber quantity of the filler member 20. Further,

the preshaping lower molds 23a can be arranged to be

automatically accommodated at a proper position by reactive

force of the filler member 20, by applying a constant pressure

to the preshaping lower molds 23a using a spring, air, Or

hydraulic pressure.' Needless to say, the mechanlism 1s not
limited to these arrangements.

[0072]

Although not shown in the drawing, it is also preferable
to provide combteeth on mutually opposing surfaces of the

preshaping lower molds 23a and the preshaping upper mold 23b,

as well as to configure at least one of the preshaping lower
molds 23a and the preshaping upper mold 23b being able to be
moved to a perpendicular direction. With this arrangément,, a

dimension of the cross-sectional area surrounded by the

preshaping lower molds 23a and the preshaping upper mold 23b

can be changed. The preshapingmold inthis case can alsoemploy

g—
p—

an operation mechanism similar to that of a preshaping mold of

which one of the upper and lower molds can move in a horizontal

direction.

[0073]

A method of folding a :Eiller'member to be carried to the

preshaping mold is explained next.

10074]

Fig. 13 is a schematic cross-sectional view showlng an

eXample of a method of folding a reinforcing fiber sheet in the
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_

case of using the sheet for a filler member.

10075}

i

As showing in Fig. 13, pr_eferably, the filler member 20

is folded in a wave shape at least three times to a width

direction of a reinforcing fiber sheet such that an intermediate

portion sandwiched between both ends of the filler member 20

becomes, in a longitudinal direction, approximately in parallel

with a straight line portion of the preshapingmold (for example,

the straight line portion 30 of the preshaping lower mold 23a

shown in Fig. 4). With this arrangemént, at the time of directly

pressurizing the preshaped filler 24 by the press machine 26,

fibers contained in the preshaped filler can be easily spread,

and the pféshaped filler 24 can be easily deformed to the shaped

filler 27 that matches the shape of the gap. That is, as shown

in Fig. 7(b), when a curvature radius at the branching point

F

of the L-shaped reinforcing fiber base materials 2la, 21b is

large, fibers at a folded portion corresponding to the straight

line portion of the preshaped filler 24 (for example, a portion
corresponding to the straight line portion 30 of the preshaping

lower mold 23a shown in Fig. 4) is crashed by pressing or is

turned to left and right, and the shaped filler 27 having a shape

along the branching point is obtained. Further, as shown in

—

Fig. 8(b), when a curvature radius of the branching point is

small, the preshaped filler 24 is crashed by pressing to a

downward arrowhead direction in Fig. 8 (b), and the shaped filler

27 having a shape along the branching point is obtained.

100706]
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As a method for securely folding the filler member 20,

the filler member 20 can be gradually folded by passing the

filler member 20 through folding guides 60a, 60b, 60c as shown

in Fig. 14 in a longitudinal direction, where the guides are
\

sequentially provided at upstream positions of the preshaping

mold. Alternatively, the filler member 20 can be input to the

filler preshaping mold, after preparing the filler member 20

that 1s folded in a wave shape in a longitudinal direction in

advance.

[0077]

As described above, the shaped filler 27 can be filled

1n a proper density in the beammember of which a cross-sectional

shape changes in a longitudinal direction, by using the

P

apparatus and the filler member 20 of which a fiber quantity

1s changed, that are shown in Figs. 2 to 14.

[0078]

The present invention can be, of course, applied to a case

of producing a beam member having a constant cross-sectional

shape in a longitudinal direction.

[0079]

In the explanation of the above embodiment, a mode where

a reinforcing fiber base material, in which an adhesive resin

is arranged between layers of plural reinforcing fiber sheets,
1s used. Alternatively, a beam member can be also formed by
using the above~described producing devices even when an

adhesive resin is not provided between layers of plural

reinforcing fiber sheets or when one reinforcing fiber sheet
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isused. For thereinforcing fiber basematerial, a reinforcing

fiber sheet that is rounded in a rod shape or a cylindrical shape

can be also applied. That is, by setting the reinforcing fiber

sheet in a rod shape or a cylindrical shape having no end, and

further by crashing 'tfhe sheet by pressing in a flat-plate-shaped

shape, for example, an object obtained as a result can be used

for the reinforcing fiber base material as described above.
[0080]

Further, a beam member obtained by the apparatus and the

processes described above can be then formed as a reinforced

fiber plastic mold article by inj-ecting amatrix resin into the

beam member (a preform), using an RTM method or a vacuum RTM

method, when a dry reinforcing fiber base material or a

reinforcing fiber sheet is used. When a dry base material is

used as a reinforcing fiber base material and when a prepreg

1s used as a filler member, a reinforced fiber plastic mold

article can be also obtained, by injecting a matrix resin into

the reinforcing fiber base material using the RTM method or the

vacuum RTM method. On the other hand, when a prepreqg is used

for a reinforcing fiber base material, a reinforced fiber
plastic mold article can be obtained by pressurizing\and/or
heating to cure a beam.memberi(a preform) by an autoclavé (a
pressure vessel). .
[0081]

Although a beam member having a T-shape cross—-sectional

surface is used to explain the above embodiment, a shape of a

cross—-sectional surface of the beam member in a longitudinal
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direction (a cross-sectional surface orthogonal to a

—

longitudinal direction) can be a J shape, an 1

shape, or a +

shape.

INDUSTRIAL APPLICABILITY

[0082]

The present invention can be also applied to a production

of a beam member using paper or a film, without limiting to a

beam member using a reinforcing fiber base material, and an

application range of the invention 1is not limited to these.

L5d
vy,
L*

EXPLANATION OF REF

ENCE NUMERALS

[0083]

10a, 10b: L-shaped reinforcing fiber base material

10c: Flat-plate-shaped reinforcing fiber base material

11: Preform

12: Gap

20: Filler member

2la, 21b: Reinforcing fiber base material

22 Hollow portion
23a: Preshaping lower mold

23b: Preshaping upper mold

24:  Preshaped filler
29 Mold

20: Press machine
27 : Shaped filler

30: Straight line portion
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31: Curve line portion

i

32: Cross-sectional surface of area surrounded by preshaping

lower mold and preshapilng upper mold

33: Guide shaft
40 : Lateral width

50: Side of large width

51; Side of small width

60a, 60b, 60c: Folding guide

70: Curve line portion
71: Pressing mechanism
12 Sliding mechanism

80a, 80b: Material supplying apparatus

81: Pulling apparatus

82 Web portion forming apparatus

83: Flange portion forming apparatus

84: Filler forming apparatus

39 Integrating apparatus

86: Pulling mechanism

Az Cross—-sectional area of gap portion when thickness is the
smallest

B: Cross—-sectional area surrounded when preshaping lower

mold and preshaping upper mold are closest to each other.

R: - Curvature radius of wvalley side of bent portion of

reinforcing fiber base material

t: Thickness of L-shaped reinforcing fiber base material

At: Change of thickness of L-shaped reinforcing fiber base

material
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CLAIMS
(1) Aprocess for producing a beammember formed by a reinforcing

fiber base material which has a web portion and at least a pair

0

flange portions extending to both sides via at least a

O

branching point from the web portion, at a cross-sectional

surface orthogonal to a longitudinal direction of the beam

member, and by a shaped filler which fills a gap having a wedge

shape formed at the branching point, wherein the shaped filler

is produced by at least the following production processes (A)

LO (C) : - >

(A) a filler supply process for supplying a filler member

configured by reinforcing fibers;

(B) a preshaping process for providing a preshaped filler

having at least a wedge projection portion, by pressurizing the

filler member by a preshaping mold; and

(C) a filler deforming process for providing a shaped

filler by deforming the preshaped filler, by filling the

preshaped filler into the gap and by pressurizing the preshaped

filler such that a tip of the wedge projection portion 1is

directed to a tip of the gap having a wedgé shape.

\

(2) The process for producing a beam member according to claim

(1') , wherein, a thickness of the reinforcing fiber base material
changes 1n a longitudinal direction of the beam member and also
a curvature radius of the reinforcing fiber base material at
the branching point changes in the longitudinal direction of
the beam member along a change of the thickness, wherein

in the pr‘ocess' (A), a reinforcing fiber sheet of which
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"1bers changes in a longitudinal

a quantity of reinforcing

filler member,

direction is supplied as the

1ller of which a

in the process (B), a preshaped :

cross-sectlional shape changes in a longitudinal direction is

- at least twomutually

formed, by using a preshaping mold made o:

opposing molds, and by changing a gap between the molds by
changing a relative position between the molds in accordance

"1ller member between the molds, and

P

with a passing of a

L4

further, the reinforcing fiber base material and the

rried by synchronizing

preshaped filler are intermittently ca

the both in a longitudinal direction, and the process (C) 1is

Cter the preshaped filler passes the

performed immediately a:

preshaping mold.

(3) The process for producing a beam member according to claim

(B), a filler member is

(1) or (2), wherein, in the process

preshaped by using a préshaping mold that has a mold (x) having

- a straight line portion and a wedge

a concave portion made o:

n be engaged

portion, a mold (y)' having a convex portion which ca

- the mold (x), and a mechanilism

wlth the straight line portion o:

for changing a relative position of the mold (y) to the mold

filler member through a gap between the

(x), and by passing the

mold (x) and the mold (vy).

"Oor producing a beam member according to any

(4) The process :

of claims (1) to (3), wherein, in the process (A), a reinforcing

fiber sheet having a shape of which a width changes in a

-

F1ller member.

longitudinal direction is used as the :

for producing a beam member according to

(5) The process
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claims (4), wherein, in the process (A), the reinforcing fiber

sheet is folded in a wave shape at least three times to a width |

P

direction of the reinforcing fiber sheet..

' (6) The process for producing a beam member according to claim

(4) or (5), wherein, a sheet comprising reinforcing fiber to

which an adhesive resin in a particle shape, a fiber shape, or

a sheet shape 1s partly added at least on one surface is used

as the reinforcing fiber sheet.

(7) The process. for producing a beam member according to claim

(4) or (5), wherein, a prepreg that is formed by impregnating

a matrix resin in advance in reinforcing fibers which form a

sheet is used as the reinforcing fiber sheet.

—

(8) A beam membejf obtained by any of the production process

claims (1) to (7), wherein a cross-sectional surface shape in

a longitudinal direction of the beam member is any of an I shape,

a T shape, and a J shape.

(9) A fiber reinforced resin molded article obtained by

impregnating a matrix resin in a beam member that 1s obtained

by any of the production process claims (1) to (6), and by curing
the matrix resin.

(10) A fiber reinforced resin molded article obtained by curing

a matrix resin that is impregnated in a beam member obtalned

by the production process claim (7).
(11) An apparatus for producing a beam member, comprising a
carrying apparatus that intermittently‘carries at least two

flat-plate-shaped reinforcing fiber base materials, a web

portion forming apparatus that forms a bonded web portion by
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partly heating and pressurizing, by a mold, the

flat-plate-shaped reinforcing fiber base materials carried; a

flange portion forming apparatus that is provided at downstream

side of the web portion forming apparatus, that opens a

non-bonded part of the flat-plate-shaped reinforcing fiber base

materials to left and right to form a flange portion and also

to form a gap haVing a wedge shape at a branching point of the

two reinforcing fiber base materials; a filler forming

‘apparatus that forms a shaped filler; and an integrating

- |

apparatus that is provided at downstream side of the flange

portion forming apparatus and the filler forming apparatus and

that integrates the reinforcing fiber base materials and the

shaped filler by heating and pressurizing in a superimposed

state, wherein the filler forming apparatus further includes

the following devices (a), (b):

(a) adevice for forming a preshaped filler having at least

one wedge projection portion, including a preshaping mold

-

having a mold (x) having a concave portion made of a straight

. line portion and a wedge portion, a mold (y) having a convex

portion which can be engaged with the straight line portion of

the mold (x), and a mechanism for changing a relative position

o:E' the mold (y) to the mold (x); and

(b) a pressurizing device that pressurizes the preshaped

filler such that a tip of the wedge projection portion is

directed to a tip of the gap having a wedge shape.
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