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ABSTRACT
A core (20) and a bag (22, zZ4) are provided
which are used to shape an FRP structure (10; 30).
The bag (22, 24) has a core bag section (24) which
covers the outer circumference of the core (20), and a

coverture bag section (22) which covers a pluralaity cf

fiber components (12, 14; 12, 14, 1lo).
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FRP SHAPING JIG AND METHOD OF SHAPING FRP STRUCTURE

Technical Field
(G001 ]
The present invention relates to an rRP
(fiber reinforced plastic) shaping J1g usec to shape
ar FRP structure and & method of shaping the FEKP

structuare.

Background Art
(C002 ]

“n recent years, the application field of an
FR? structure 1s widenling to an 1ndustrial product
field. The reduction o©f the number o©f parts and the
reduction of the number of assembler steps through
integration could be given as the merait of the FRP
structure.

' CO03]

When the integration oI parts 1s carrled out,
there 1s occasionally a portion where a closed space
is formed. When the FRP structure with the closed
space should be shaped, a method of applying a
pressure 1n case ©of shaping and a releation between a
]Ji1g and the closed space become problems.

[CO04]
For example, in US 2013/0020438BA1 (Patent

Lliterature 1), a first fiber prefcrm 1s arranged on a
corrugated 3ig, as shown 1n FIG. 25 of Patent
Literature 1, and a core {(mandrel) covered with a
second fiber preform is arranged cn the top of the
corrugated 3:2g. Then, a fillet shaving Jig 1s
arranged and all the things arranged are covered with
a third finer preform. Then, after the laminated
preforms and the Ji1igs are wrapped with a suction bag,
the inside of the suction pbag 1s evacuated and a

matrlx resin as a base material 1s i1injected 1nto the
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suction bag. After that, 1t 1s coupled to an ocuter

skin, after cutting 1n a vredetermined lengtnh thrcugh
heating and curing.
[GC005]

Also, as a related technique, Patent
Literature 2 discloses a method of manufacturing a
ccmposite material reinforcing plate. Tn the
manufacturing method disclosec 1n Patent Literature 2,
a first textile material (plate) 1s first put on a 319
having a panel surface shape. Subseguently, a
reinforcing material 1s puat on the first textilile
material. Subseguently, ancther textile material
(second textile material) 1s arranged on the
reinforcing material to cover at least a part of the
reinforcing material. Subsequently, the second
textile material 1s shaped to fit the shape oI the
reinforcing material. Subsequently, the shaped second
textille material and the first textile material are
stitched along the edge porticn of the reinforcing
material. Subsequently, the reinforcing material, the
first textile material ard the second textile material
are coverec with a bag pack. Subseqguently, a resin 1s
introduced or 1iImpregnatec intc each textile material
by an RTM method or an RFI method. The i1mpregnated

resin 1S heated to be cured.

A method of shaping a reinforcing panel
material 1s disclosed 1n Patent Literature 3. In the
methoc of shaping according to Patent Literature 3, a
first set cf curable composite material sheets 1s
arranged on a J1g. Subsequently, each of a plurality
of mandrels 1s wrapped wlith a corresponding one of a
plurality cf second curable composite material sheets.
Subseguently, the plurality of wrapped mandrels are
arranged on the comoosite material sheets of the first
set toc be put 1n parallel to each other.

Subseguently, the composite material sheets of the
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first set and the plurality of seccnd ccmposite
material sheets are curec. Subsequently, The mandrels
are removec from the cured composite material sheets
(the composite material sheets of the first set and
the plurality of second composlte material sheets).

A method of manufacturing a composite
material part 1s disclosed 1in ratent Literature 4. In
tne shaping method according to Patent Literature 4, a
first un-cured composlite material layer 1s prepared.

Subseguently, at least one hollow mandrel 1s arranged

on the first un-cured composite material laver.

Subseqguently, a second un-cured composite material
layer 1s arranged on the hollow mandrel and the first
un-cured composite material layer. Subseqguently, the
first un-cured composite material laver and tThe second
un—cured composite material layer are cured 1n an
autoclave.

(0006 ]

In the shaping method according to Patent
Literature 1, reinforcing Ifiber preforms are
pcsitioned by using the hard core, to shape a small-
scale FRP structure. In such a shaping method, 1t 1is
difficult to shape a large-scale FRP structure using
prepreg members superior 1n dynamilcs characteristic.
Also, according to a difference among the 3J1g, tne
cocre and the FRP structure 1n thermal expansion rate,
there 1is a problem that the si1ize precision 1s
degraded.

(0007 ]

FIG. 8 and FIG. © are sectional views showing
ccnventional methods of shaping a cylindrical FRP
structure. In the metnod c©f shaping the FRP structure
shown in FTG. 8, a reinforcing fiber 92 1s arranged
outside a hard core 90 (a hard tool)}), and the outer
circumfererce of the reinforcing fiber 92 1s covered

-

'he interior of the suction

with a suction bag 94.
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bag 94 1s evacuated. Tnen, aiter carrying out heating
and curing, the sucticn bag 94 1is removed, and the
hard core 90 1s pulled out to finish the cyvlindrical
FRP structure. Tn this shaping method, the hard core
90 exists under the environment of a positive
pressure.

(0008 ]

In the method of shaping the FRP structure
shown 1n FIG. 9, a reinforcing fiber Y272 1s arranced
1nside a hard outer die 91 (a hard tocl) and a
pressurizing bag 95 1s arranged 1nside the
reinforcement fikber 92. Then, the reinforcing fiber
97 is pressurized with the pressurization bag 95.
Then, after carrying out heating and curing, the
pressurizing bag 95 1s removed. Then, a cylindrical
FRP structure 1s pulled out of the hard ocuter die 91.
0009 ]

In the shaping method shown 1n FIG. 8, when a
clcsed space does not have a ccnstant sectional shape,
but has a complicated shavne with a curvature, there
arec many cases wnhere a releasing process of taking out
the hard core 90 from the FRP structure 1s difficult,
after shaping the FRP structure by using the hara core
90. Also, 1n order to improve tne precision of an
cuter size 1n case of shaping, 1t 1s desirable to use
the shaping method shown in FIG. 9. However, when the
FRP structure having the complicated form 1s shaped,
there 1s a oroblem 1rn the methoecd of pressuraizing from
the inside c¢f the hard ocuter cie 91. From such a
reason, 1t 1s difficult tc shape an FRP structure witn

the complicated shape so as to have a plurality of

closed spaces.

Citation List
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[Patent Literature 3] US Patent 5,469, 686
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Summary of the Invention

[0011]

An object of the present invention is to provide an FRP
shaping jig and a method of shaping the FRP structure, in which
the FRP structure with a closed space is shaped in a high

precision.

10012}

According to an aspect of the present invention, there
1s provided an FRP shaping jig comprising: a core and a bag which
are used to shape an FRP structure which contains a plurality of
tiber components, wherein the bag comprises: a core bag section
which covers an outer circumference of the core; and a coverture
bag section which covers the plurality of fiber components,
wherein the core 1s arranged outside the bag.

(0012a] '

The FRP shaping jig of an aspect of the present
invention includes a core and a bag which are used to shape an
FRP structure which contains a plurality of fiber components.
The bag has a core bag section which covers the outer

circumference of the core, and a coverture bag section which

covers a plurality of fiber components.

[0013]

According to another aspect of the present invention,

there 1is provided a method of shaping an FRP structure,
comprising: arranging a first fiber component and a second fiber
component 1n a bag having a coverture bag section; and evacuating
an interior of the bag in which the first fiber component and the

second fiber component are arranged, wherein the arranging

CA 2935481 2017-12-15
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comprises: arranging a first fiber component on a jig directly or
through the coverture bag section; arranging a first core covered
wlith a core bag section, on the first fiber component; and
arranging the second fiber component on the first core covered
wlith the core bag section and the first fiber component, wherein

the bag has the core bag section, and wherein the first core 1s

arranged outside the bag.

[0013a]

The method of shaping an FRP structure of an aspect of
the present invention contains arranging a first fiber component and
a second fiber component in a bag which has a coverture bag section.
The arranging includes arranging the first fiber component on the
jig directly or through the coverture bag section; arranging a first
core covered with the core bag section on the first fiber component;
and arranging a second fiber component on the first fiber component
and the first core. The method of shaping an FRP structure contains
evacuating the interior of the bag in which the first fiber
component and the second fiber component.

(0014]

By using the FRP shaping jig and a method of shaping

the FRP structure according to aspects of the present i1nvention,

the FRP structure with a closed space can be shaped i1n a high

precision,

(0014a]}

According to another aspect of the present invention,
there is provided a method of shaping an FRP structure,
comprising: arranging a first fiber component on a jlg; arranglng
a first core covered with a core bag section on the first fiber
component; arranging a second fiber component on the first core
and the first fiber component; covering the first fiber component
and the second fiber component with a coverture bag section as at

least a part of a bag; and evacuating an interior of the bag 1in

CA 2935481 2017-12-15
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which the first fiber component and the second fiber component
are arranged, wherein the bag has the core bag section, and

wherein the first core 1s arranged outside the bag.

[0014Db]

According to still another aspect of the present
invention, there 1s provided a method of shaping an FRP
structure, comprising: arranging a coverture bag section as at
least a part of a bag on a jig; wherein arranging a first fiber
component 1s arranged'in the coverture bag section; arranging a
first core covered with a core bag section on the first fiber
component; arranging a second fiber component on the first core
and the first fiber component; and evacuating an interior of the
bag in which the first fiber component and the second fiber
component are arranged, wherein the bag has the core bag section,

and wherein the first core is arranged outslide the bag.

[0014c]

According to yet another aspect of the present
invention, there 1is provided a method ¢f shaping an FRP structure
comprising: arranging a first fiber component on a Jjig; arranglng
a first core covered with a core bag section, on the first filber
component; arranging a second fiber component on the first core
covered with the core bag section and the first fiber component;
and evacuating an interior of a bag which has a coverture bag
section and in which the first fiber component and the second
fiber component are arranged in the coverture bag section,
wherein the bag has the core bag section, and wherein the first

core 1s arranged outside the bag.

Brief Description of the Drawings

[0015]

The attached drawings are incorporated 1into the

Description to help the descripticn of embodiments. Note that the

CA 2935481 2017-12-15
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drawings should not be interpreted as the present invention 1is
limited to examples to be illustrated and described.
[FIG. 1]

FIG. 1 is a perspective view showing an outward
appearance of an FRP structure shaped by using an FRP shaping ji1g
according to an embodiment.

[FIG. 2]

FIG. 2 1is a diagram showing a state that the FRP

structure is shaped by using the FRP shaping jig of the

embodiment and 1s a sectional view of the FRP structure along the
A-A line 1n FIG. 1.
[FIG. 3]

FIG. 3 1s a diagram showlng a state that the FRP
structure is shaped by using the FRP shaping jig of the

embodiment and is a sectional view of the FRP structure along the

B-B line 1n FIG. 1.
[FIG. 4]

FIG. 4 1is a diagram showing a state that the FRP
structure 1is shaped by using the FRP shaping jig of another

embodiment and 1s a sectiocnal view of the FRP structure along the

A-A line 1n FIG. 1.
[FIG. 5]

FIG. 5 1s a perspective view showing the outward
appearance of the FRP structure shaped by using the FRP shaping
J1ig according to the embodiment.

[FIG. 6]

FIG. 6 is a diagram showling a state that the FRP

structure is shaped by using the FRP shaping J]ig according to the

embodiment and 1s a sectional view

CA 2935481 2017-12-15
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showing a state befcocre snrinkage of a core.
(FI1IG. 7]

FIG. 7 1s & dlagram showing a state that the
FRP structure 1s shaped by using the FRP shaping Jig
according to the embodiment and 1s a sectiona: view
shoewlng a state after the shrinkage of the core.

[Z’TIG. 8]

FIG. 8 1s a sectional view showlng a method
cf shaping the FRP structure by pressurizing from
cutside.

[FIG. 9]

FIG. 9 1s a sectional view showing the method

cf shaping the I'RP structure by pressurizing from

1nside.
[FIG. 10A]
FIG. 1CA 1s a diagram showing an example of a
nag.
[P 1IG. 10B]

FIG. 1CB 1s a sectzonal view (longitudinal

secticnal view) 1n a surface 5 in IG. 10A.

Description of the Embodiments
1 0016]

Enbodiments of an FRP shaping ji1g and a

method of shaping an FRP structure will be described
below with reference to the attached drawings. In the
following detailled description, many detailed svecific
items are disclosed for the purpose of the descripticn
in order to provide the comprehensive understanding cf
the embodiments. However, 1t wocu_d be seen that one
cr plural embodiments are executable without these
detailcd specific 1tems.
(0017]

FIG. 1 1s a perspective view of an outward
appearance of the FR2? structure 10 shaped by using an

FRP snaping Jig. FIG. 2 1s a diagram showing a state



CA 02935481 2016-06-29

when tThe FRP structure 10 1s shaped by using the FRP
shaping Jjig, &nd 1s a sectional view of the FRP
structure 10 along the A-A line in FIG. 1. FIG. 3 1s
a diagram showing a state when the FRP structure 10 1s
shaped by using the FRP shaping 31g, and 1s a
sectional view of the FRP structure 10 along the B-B
line 1n FIG. 1.
[001€]

Referring to FIG. 1, the FRP structure 10 has
an outer skin 12, &@ stringer 14 and a jolining part 183
that joins the outer skin 12 and the stringer 14. The
FRP structure 10 shown in FIG. 1 has & closed soace
with a trapezoidal secticnal shape between the
stringer 14 anc the outer skin 12. Note that 1n this
Description, the closed space means a space 1n which a
portion except ends 1s surrounded by a member. For
example, an inrer space of a sgquare pipe having
cpenings at both ends (a space surrounded by four
sides of the sguare pilpe) 1s the closed space. In
this Description, tnhe closed space includes a space in
which at least one end 1s closed and a portion except
the other end is surrounded by members. For example,
the inner space of the sguare pipe 1n which one end 1s
closed and the other end 1s opened (a space surrounded
oy four sides of the square pipe and one closed end)

is the closed space.

(0019}

The outer skin 172 1s, for example, a plate-
like FRP, and the stringer 14 1s, for example, an FRP
member having a sectional shape of a ccnvex shape (for
cexample, the sectional shape ot a trapczoidal shape).
In the FRP structure 10 shown 1in FIG. 1, the stringer
14 1s arranged in a line on the outer skin 12, but the
stringers 14 may be arranged 1n plural lines on the
cuter skin 12. Also, the outer skin 12 may have 3

large size or a small size.
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(0020 ]

The Joining part 18 jJoins the outer skin 172
and the stringer 14 and bcnds them by using an
acdhesive film, an adnesive material, a matrix resin
and so on.

[C021]

Referring to FIG. 2 and FIG. 3, a method of
shaping the FRP structure 10 will kbe described. A bag
1s used for the shaping of the FRP structure 10. The
bag includes a coverture bag secticn 22 and a core bag
section 24.

[C0Z22)

When the FRP structure 10 should be shaped,
the coverture bag sect_on 22 (a first coverture nag
section) 1s arranged on tnhe 51g 40 which has a
predetermined shape. The ccocverture nag section 22 may
have a pipe shape i1in which both ends are open.
Alternatively, the coverture bag section 22 may have
the pipe shape 1n which one end 1s ciosed and the
other end 1s opened. The 1nsi1ide ©of the pilipe shape
corresponds to the 1nside of the coverture bag section
22. Alternatively, the coverture bag section 22 may
be configured from two sheets. In tnilis case, the
space surrounded by the two sneets (a space formed
hetween the two sheets) corresponds to the i1inside of
the coverture bag secticon 22. A first coverture bag

section means a part of the cocverture bag section Z2Z2

arranged on the ji1ig 40 1in contact with 1t. The outer

skin 12 (a first fiber component) 1s arranged 1nside
tne coverture bag section Z22. Next, a core 20 covered
with the ccocre bag section 24 1s arranged on the cuter
skin 12 in tThe coverture bag section 22. For examole,
tnhe core bag section Zz4 may have a pilpe share 1in which
one erd 1s closed and the other erd 1s opened. Tor

example, tne core 20 rhas a shape complementary to the

closed space of the FEP structure 10.



CA 02935481 2016-06-29

— 10 —
[0023]
Note that the coverture bag section 22 and
the core bag section 24 may be separated. When the

ccverture bag section 22 and the core bag section
which are separated are used, the coverture bag
section 22 and the core bag section 24 may bDe jolned
tc each other after the ocouter skin 12 (the first fiber
cecmponent) 1s arranged 1nside the coverture bag
section 22. Alternatively, the coverture bag section
22 and the core bag section 24 may be jJoined to each
other before the outer skin 12 (the first fiber

ccmponent) is arranged 1nside the coverture Dbag

section ZZ2.

(0024 ]

As shown 1n the FIG. 10A and FIG. 10B, a bag
in which the coverture bag section 22 and the core bag
section 24 are unified may be used. Note that 1in an
example shown 1in the FIG. 10A and FIG. 10B, aZter the
outer skin 12 (the first fiber component) and the
stringer 14 (a second fiber component) to be described
later are arranged 1inside the coverture bag section
22, an end part 22A and an end part 22ZB of the
coverture bag section 272 are joined to form a closed

space.

| 0025

The coverture bag section 22 may be an cuter
bag. Also, the ccre bag section 24 may pbe an inner

bag. A space between the outer bag and the 1inner bag
may be a closed space 1n which a plurality of fiber

ccmponents are joined.

(0026]

—

An adhesive material such as an adhesive T1lm
may be arranged between the outer skin 12 and the
stringer 14. That i1s, the outer skin 12 and the
stringer 14 may be jolined through the adhesive

material suach as the adhesive f£ilm.
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(0027 ]
Next, the stringer 14 1s 1nserted 1nto the
coverture bag section 22. ©Note that the insertion of

the stringer 14 into the coverture bag sectlon 22 may
e carriedc out simultaneocusly with the insertion of
the outer skin 12 into the ccverture bag section 22.
The stringer (the secona fiber component) 14 1s
arranged on the outer skin 12 and the core 20. Note
that the arrangement of the stringer 14 (the second
fiber compcnent) on the core 20 means that the
stringer 14 (the second fiber component) 1s arranged
on the core 20 covered with the core bag section 24.
(0028}

Next, when the coverture bag secticn 22 and
the core bag sectilion 24 are separate bodies, ends of
the coverture bag section 22 and the ccre bag section
24 are jolned at a pag jcining part 25 to secure
airtichtness of the bag (reference to FIG. 3). In
this state, a communication between the 1inside of Lhe
bag {(an inrer sovace) and the outside of the bag 1s
limited to a suction port as a part through which an
arrow corresponding to "suction" passes 1n FIG. 3. In
other words, the inside of the bag (the 1nner space)
does not communicate with the outside cof the bag (the

atmosphere and so on) 1in any part of the bag other

than the suctior port. A portion where the fiber
component of the outer skin 12 and the stringer 14 are
arranged (namely, the inside of the bag) is evacuated
to apply a pushing pressure tc the jolining section 10
by using the atmosphere pressure. At this time, when
a fiber reinforced base material in which any resin 1S
not imoregnated is used as the material of the outer
skin 12 or the stringer 14, a matrix resin 1is 1njected
into the finer reinforced base material to 1mpregnate
the fiber reinforced base material with the matrix

resin. Note that even 1f the 1nside {(1nterior) of the
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bag where the cuter skin 12 and the stringer 14 are
arrarged is evacualted, the core zZ0 exists under the
atmosphere pressure environment. Therefore, the
deformaticn of the core 20 can be made little, and the
size precision of the FRP structure 10 can be
improved.

(0029 ]

The reason That the core 20 exists under the
atmosphere pressure environment is in that the core 20
1s not arranged 1inside the bag. That 1s, the core 20
is arranged outside the bag. The core 20 1s
surrounded by the cuter surface of the bag (more
specifically, the core 20 1s surrcunded by a surface

cf the core bag section 24 which does not face the

cuter skin 12 or the stringer 14, 1.e., tThe outer
surface). It can be said that a space surrounded DYy
the core bag section 24 (i.e., a space that 1is

surrounded by the outer surface of the bag and 1n
which the core 20 1s arranged) and the 1nner space c¢t
the bag (the inside of the ccverture bag section 22 )
are separated from each other. Nolte that the
separation from each other means that a fluid does not
communicate to each other. It can e said that the

core bag section 24 1is an 1nverted portion of the bag.

[ 0030 ]

When a thermosetting type material 1s used as
an adhesive materiel or the matrix resin, the heating
is carriec out to cure the adhesive malterial or the
matrix recsin, after the evacuvatilion 1s carried out.
(00311

When the adhesive material or the matrix
resin has been cured, the coverture bag section 22 1S
taken out and the core bag section 24 and the core 20
are taken out of the closed space of the FRZ? structure
10. In this way, the FRP structure 10 shown 1n FIG. 1

is obtained. Alternatively, the core 20 1s taken out
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of the closed space of the FRP structure 10, and after
that, the coverture kag section 22 and the core bag

section 24 may be taken out of the FRP structure 10 at

tne same time.
[D032]

When the fiber reinforced base material 1s
used for the configuration of the fiber component of
the outer skin 12 and the stringer 14, a reinforcing
fiber thread group in which the continuous reinforcing
fiber threads are arranged 1n parallel can be used.
Also, a l-directional material, a Z-directional
material, and a multi- directional material of tne
reinforcing fiber threads can be used according to
need. Also, for example, as another organization form
of the fiber reinforced base material, the woven
organization (textile), a knitting organization (the
vertical kritting, the horizontal knitting), the non-
wcven organization or a combination of them can be
used.

[ 0033 ]

Also, as the reinforcing fiber in the fiber
ccmponent, carbon fiber, glass fiber, aramid fiber,
pclyparaphenylene benzobisoxazole fiber, phenol fiber,
pclyethylene fiber, organic fiber such as pclyvinyl
eglcohol fiber, metal fiber, ceramic fiber, and a

cocmbiration of them and so on can be used.
(0034 ]

Also, as the matrix resin, thermoplastic
resin or thermosetting resin can be used. It 1s
desirable to use thermosetting resin from the
viewpolnt of shapability and caynamics characterlstics.
As thermosetting resin; for example, the resins of
epoxy, phenol, vinylester, unsaturated polyester,
cyanate ester, nismalelmide, benzoxazine, acrylate and
so on can be used. Moreover, the resin tc which

elastomer, rubber, curing material, curing
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acceleratcr, catalyst ard so on are added can be used.

Note that it is desirable to arrarge dle release
material and resin diffusion media on the side cf the
fiber comoonents of the coverture bag section 22 and
the core nDag section 24.
(0035

Also, as the material of the core 20, a
material having flexibility (hard rubber, silaiccn
rubber anc so on) and a material having brittleness to
rake die release easy through fracturing (plaster and

SO Orn) .

[00306]

Next, an embodiment 1n which the cuter skin
12 is arranged directly on the jJig 40 to shape the RP
s—ructure 10 ard an embodiment 1in which the core 20 of
a split-type structuare 1s used will be described witn
reference to FTG. 4. ZIG. 4 i1is a diagream showing
another embodiment 1n which the FRP structure 1s
shaped by using the FRP shaping J1g and is a sectional
view showing the FRF structure along the A-A line 1In
FIG. 1. ©Note that portions having the same functions
as the components 1n the embodiments shown i1n FIG. 1
to FIG. 3 are assigned with the same reference
numerals, and the description 1s omitted.

[O0 37 ]
Ir the embodiments shown 1n FIG. 2 and FIG.

3, the coverture bag section 22 is arranged on the Jig
40, and the outer skin 12 1s arranged 1nside the
coverture bag secticn 22. On the other hand, 1n tne
embodiment shown 1n FIG. 4, the ouzZer skin 12 1s
arranged directly on the 3ig 40 having a gas shield
ctffect, a closed space fcrmed by the jJi1g 40 and the
coverture ktag secticn 272 (in other words, the closed
space between the jig 40 and the coverture bag secticn
22) 1s evacuated. That 1s, a pocrtion where tnhe outer

<kin 12 and the stringer 14 (the first and secord



CA 02935481 2016-06-29

— 15 —

“iber components) are arranged 1s evacuated to apply

the pushiling pressutre to the jJoining section 18 by

using the atmosphere pressure. Even 1f being
configured 1n this way, tThe FRP structure 10 having
the closed space can be shaped. Nocte that in this
embocdiment, the i1inside of tne bag means a closed space
which 1s formed by the jig 40 ard the coverture bag
secticon 22.
(0038

Also, the structure of the core 20 may be of
a split-type structure in which the core 20 includes a
plurality of parts of a sLongitucinal direction slide
core 20A and lateral cirection slide cores 20B and
20C, as shown 1in FIG. 4. “n This case, after the
longitudinal direction slide core 2CA 1s pulled out
(to a fcrward directicn 1n FIG. 4), tThe lateral
directicn slide cores 20B and 20C are moved tc the
lateral d-rection (the left and right direction ir
FIG. 4) 1n the closed space, to make 1t easy to
release the lateral direction =slide cores 20B and 20C
frcm the FRP structure 10. After that, the lateral
direction slide cores 20B and Z0C are pulled out of
the closed space of the FRP structure 10 (to the
forward direction 1n FIG. 4}, so that the die release

of the core 20 can be carried cut.

[Q039]

Next, an emboecdiment of a method of shaping
tre FRP structure 30 ¢f a sandwilich structure 1n wnhich
a plurality of stringers 14 are put between the ocuter

skin 12 and the 1nner skin 16 will be described with
reference to FIG. 5, FIG. 6 ard FIG. 7. FIG. 5 1s a
perspective view showing an outward appeararce of the
FRP structure 30 shaped by using an FRP shaping jig.
FIG. © 1s a diagram showing a state when the FRP
structure 20 1s shaped by using the FRP shaving jig

and before the core 20 shrinks. FIG. 7 1s a secticnal
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view showing a state after the ccre 20 has shrunk.
Note that the description ©of the parts having the same
functions as the components of the embodiments shown
1n FIG. 1 to FIG. 3 1s omitted.

0040

The shaping of the *RP structure 10 1in which
the outer skin 12 and the stringer 14 are joired has
been described with reference to FIG. 1 toc FIG. 4. On
the other hand, the FRP structure 30 shown 1n TIG. 5
has the structure 1n which a plurality of stringers 14
are put between tne outer skin 12 and the 1nner skin
1. The FRP structure 30 shown in FIG. 5 can be
shaped by using & bag, as shown 1n FIG. 6 and FIG. 7.
The bag contalns the core nag section 24 which covers
the outer circumference of the core 20, and the
coverture bag section 22 which covers a plurality of
fiber ccmponents from cutside. A plurality of the
core bag sections 24 which are separate bodies may be
prepared 1n correspondence to a plurality of cores 20.
Alternatively, the core bag section 24 having a
plurality of concave sections 1s preparced anc the
plauralaity of cores 20 may be arranged respectively 1n
the plurality of concave secticns.

(0041 ]

Referring to FIG. 6, when shaping the FRP
structure 30, the coverture bag section 27 (the first
coverture bag sectionrn) 1s arranged on the 3ig 40 which
has a predetermined shape. The cuter skin 12 (the
first fiber component) is arranges insice the
caoverture bag section 22. Next, a plurality of first
cores 20, each of which 1s covered with the core bag
section 24, are arranged cn the outer skin 12 1in the
coverture bag section 22 according to need.

(0042 ]
An adhesive material such as an adhesive film

may pbe arranged between the outer skin 12 and the
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stringer 14. Then, the stringer 14 (the second fiper

ccmponent) 1is arranged onn the outer skin 12 and the

first core 20.

[004 3]

Again, the seconc core 20 covered with the
ccre bag section 24 1g arranged on the stringer 14
(the seconc fiber component). The adhesive material
such as the adhesive fi1lm 1s arranged between the
stringer 14 and the inner skin 16 according to need,
and the inner skin 16 [(the third fiber compocnent) 1s
arranged on the second core 20 and the stringer 14.
10044 ]

Next, a portion where the fiber components of
the ocuter skin 17, the stringer 14 and the i1nner skin
1¢ are arranged (that 1s, the 1nside of the bag) 1s
evacuated to apply a pushing pressure tc the joining
section 18 by using the atmosphere pressure. At tnils
time, when fiber reinforced base materials 1n which
any resin nas nct been 1mpregnated, are used as the
material of the outer skin 12, the stringer 14 and the
inner skin 16, a matrix resin 1s 1njected 1nto tne
fiber reinforced base materials.

[0045]
When a thermosetting type material 1s used as

tne adhesive material and the matrix resin, the
heatirg is carried out after evacuationrn, to cure the

adhesive material or the matrix resin.

[004 6]

Also, as shown 1n FIG. 7, when the material
wnlch shrinxs through the heating (hard polystyrene
fcam, hard uretnane foam and so on) 1s used as the
material of the core 20, the core 20 sahrinks by the
heating 1in case of the curing. It becomes easy to
pull out the core 2C from the closed space of the FRFP
structure 10 because the core 20 shrinks. The

material which nhas the shrinkage characteristic at tne
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curing temperature of the adhesive material cr thre
matrix resin or below (the harc polystyvrene foam, the
hard urethane foam and so on) can be used as the
material of the core 20. In this case, for example,
1t 1s desirable that the material has the thermal
shrinkage characteristic 1n a temperature range from a
temperature egual to or more than 50 "C to the curing
terperature or below, and 1t 1s more desirable that
the material has the thermal shrinkage characteristic
in a temperature range frcm a temperature at which the
adhesive material or matrix resin loses the fluidity,
to the curing temperature or below. Note that the
material with the shrinkage characteristic at the
c.ring temperature or below througn the heating may
have the shrinkage characteristic 1n which the volume
of the material becomes smaller by 1% or above than
the volume at the roocm temperature 1n a temperature
range from the room temperature or above to the curing
temperature or below. Also, a brazing material which
fuses by the heating may be used. 1In this case, 1t 1s
desirable that the material has the thermal shrinkage
cnaracteristic 1n a temperature range from a
temperature of 50 °"C or above to the curing
temperature or kbelow, and 1t 1s more desirable that

the material has the thermal shrinxkxage characteristic

in a temperature range from a temperature at which the
adhesive material or matrix resin loses the fluidity,
to the curing temperature or below.

(00477 ]

In the above, the FRFP shaping jJlig and the
method of shaping the FR? structure have been
described with reference to the embodiments. However,
the FRP shaping 31g and the shaping method of the FRP
structure according to the present invention are not
limited toc the above embodiments. Varicus

modifications are possible to be carried out tc the
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above embodiments. A technical matter described in one of the

above embocdiments and a technical matter of another embodiment

may be combined.

10048 ]

Also, the FRP structure which has been manufactured
py using the FRP shaping jig and the method of shaping the FRP
structure according to the embodiments 1s used 1n various
fields such as the fields of a vehicle, a ship, an aircraft or
an architecture member. The FRP shaping Jjig and the production
method of the FRP structure 1s suitable for a case where two or
more fiber components are 1ntegrally shaped such that the
structure has a final complicated shape with the closed space.
Also, the FRP shaping jig and the production method of the FRP

—

structure can be applied to the shaping of the FRP structure

such as an RFI (resin film infusion shaping method), an RTM

(resin transfer shaping method), a VaRTM (vacuum 1mpregnation

method), and so on.
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CLAIMS

1. An FRP shaplng Jlig comprising:

a core and a bag which are used to shape an

FRP structure which contains a plurality of fiber components,

wherein the bag comprises:

a core bag section which covers an outer circumference

of the core; and

a coverture bag section which covers the plurality of

fiber components,

wherein the core 1s arranged outsilde the bag.

2 . The FRP shaping jig according to claim 1, wherein the
bag is configured such that the core exists under an atmosphere

pressure when an inside of the bag 1s evacuated.

3. The FRP shaping jig according to claim 1 or 2, whereiln

the core has a split-type structure configured from a pluralilty

of parts.

4, The FRP shaping jig according to claim 1 or 2, wherein

the core comprises a material that has a shrinkage characteristic

or a melting characteristic after heating.

5. The FRP shaping jig according to claim 4, wherein an
adhesive material or a matrix resin is arranged in a portion

where two of the plurality of fiber components are joined to each

other, and

CA 2935481 2017-12-15
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wherein the core 1s configured of a material that
shrinks or melts at or below a curing temperature of the adhesive

material or the matrix resin.

o . The FRP shaping jig according to claim 1 or 2, whereiln
the core is configured of a material that has a brittleness and

is releasable through fracturing or a material that has a

flexibility.

7. The FRP shaping jig according to any one of claims 1
to 6, wherein a space which 1s surrounded by the core bag section
and in which the core is arranged is separated from the inside of

the bag.

8. The FRP shaping jig according to claim 7, wherein the

core bag section is an inverted portion of the bag.
9. A method of shaping an FRP structure, comprising:

arranging a first fiber component and a second fiber

component in a bag having a coverture bag section; and

evacuating an interior of the bag in which the first

fiber component and the second fiber component are arranged,

wherein the arranging comprises:

arranging a first fiber component on a ji1g directly or

through the coverture bag section;

arranging a first core covered with a core bag section,

on the first fiber component; and

arranging the second fiber component on the first core

covered with the core bag section and the first fiber component,

CA 2935481 2017-12-15
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wherein the bag has the core bag section, and

wherein the first core is arranged outside the bag.
10. A method of shaping an FRP structure, comprising:

arranging a first flber component on a Jig;

arranging a first core covered with a core bag section

on the first fiber component;

arranging a second fiber component on the first core

and the first fiber component;

covering the first fiber component and the second fiber
component with a coverture bag section as at least a part of a

bag; and

evacuating an interior of the bag in which the first

fiber component and the second fiber component are arranged,
wherein the bag has the core bag section, and
wherein the first core 1s arranged outslide the bag.

11. A method of shaping an FRP structure, comprising:

arranging a coverture bag section as at least a part of

a bag on a Jig;

wherein arranging a first fiber component 1s arranged

in the coverture bag section;

arranging a first core covered with a core bag section

on the first fiber component;

CA 2935481 2017-12-15
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arranging a second fiber component on the first core

and the first fiber component; and

evacuating an interior of the bag in which the first

fiber component and the second fiber component are arranged,
wherein the bag has the core bag section, and
wherein the first core 1s arranged outside the bag.

12. A method of shaping an FRP structure comprising:
arranging a first fiber component on a jig;

arranging a first core covered with a core bag section,

on the first fiber component;

arranging a second fiber component on the first core

covered with the core bag section and the first fiber component;

and

evacuating an interior of a bag which has a coverture
bag section and in which the first fiber component and the second

fiber component are arranged in the coverture bag section,
wherein the bag has the core bag section, and
wherein the first core is arranged outside the bag.

13. The method of shaping an FRP structure according to
claim 12, wherein the first fiber component is arranged on the

jig directly or through the coverture bag section.

14, The method of shaping an FRP structure according to

claim 12, further comprising:

CA 2935481 2017-12-15
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covering the first fiber component and the second fiber

component with the coverture bag section.

15. The method of shaping an FRP structure according to

claim 12, further comprising:
arranging the coverture bag section on the jig;

wherein the first fiber component 1s arranged in the
coverture bag section, and the first core covered with the core
bag section 1s arranged on the first fiber component 1n the

coverture bag section, and

wherein the second fiber component 1s arranged on the
first core covered with the core bag section and the first fiber

component in the coverture bag section.

16. The method of shaping an FRP structure according to any

one of claims 12 to 15, further comprising:

arranging a second core covered with the core bag
section or another core bag section on the second fiber

component; and

arranging a third fiber component on the second core

and the second fiber component.

17. The method of shaping an FRP structure according to any

one of claims 12 to 16, further comprising:

arranging an adhesive material between two of the

plurality of fiber components.

18. The method of shaping an FRP structure according to

claim 17, further comprising:

CA 2935481 2017-12-15
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curing the adhesive material by heating after the

interior of the bag 1s evacuated.

19. The method of shaping an FRP structure according to any

one of claims 12 to 18, further comprising:

injecting a matrix resin into the plurality of fiber

compaonents.

20. The method of shaping an FRP structure according to

claim 19, further comprising:

curing the matrix resin by heating after the interior

of the bag 1s evacuated.

21. The method of shaping an FRP structure according to any

one of claims 12 to 20, further comprising:
taking out the coverture bag section; and

taking out the core bag section and the core.

CA 2935481 2017-12-15
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