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(57) A composite material structure manufacturing jig (10) is used when manufacturing a composite material structure
by adhering prepreg to a framework structure including a frame component that includes a channel extending along a
longitudinal direction of the frame component. The composite material structure manufacturing jig (10) is inserted in the
channel of the frame component and used therein. The jig (10) includes a tubular body (11) formed of an elastic material
containing a reinforcement fiber, the body (11) including a trapezoidal transverse section that is a cross section orthogonal
to a longitudinal direction of the body (11), the trapezoidal transverse section including an upper base and a lower base
longer than the upper base. An inner surface of the body (11) is coated with an inner peripheral film (16) serving as a
gas barrier layer.



EP 3 912 785 A1

2



EP 3 912 785 A1

3

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present invention relates to a jig for use in
manufacturing a composite material structure, a method
of manufacturing the jig, and a method of manufacturing
the composite material structure. The present invention
particularly relates to: an inflatable bag-shaped jig (a
bladder) that is used, in the manufacturing of a structure
in which a frame component including a channel is used,
as a jig for the frame component; a method of manufac-
turing the jig; and a method of manufacturing a composite
material structure by using the jig.

Background Art

[0002] In recent years, the use of fiber-reinforced resin
composite materials (which may hereinafter be simply
referred to as "composite materials" as necessary) has
become widespread in the fields in which metal materials
have been used. Among the composite materials, carbon
fiber reinforced materials that are formed by impregnat-
ing carbon fibers serving as reinforcement fibers with a
matrix resin such as epoxy resin (or with a resin compo-
sition) are lighter and stronger than metal materials. For
this reason, carbon fiber reinforced materials are widely
adopted in the fields of, for example, sports equipment,
industrial machines, and aerospace.
[0003] In the field of aerospace, for example, even in
large structures such as an aircraft fuselage and aircraft
blades, components made of composite materials have
started being used instead of those made of metal ma-
terials. For example, an aircraft fuselage panel made of
a composite material usually includes a skin and string-
ers. The stringers are each supported by a panel-man-
ufacturing jig and are arranged to conform to the shape
of the structure. Prepreg that is to form the skin is lami-
nated on each stringer, which is then pressurized and
heated in an autoclave. As a result, the prepreg is cured
to form the skin, and the stringer is closely adhered to
and integrated with the skin.
[0004] There are various types of stringers serving as
reinforcing components. These stringers are categorized
into different types mainly depending on their sectional
shape. Specifically, flat plate-shaped, rectangular colum-
nar, C-shaped, I-shaped, L-shaped, Z-shaped, and hat-
shaped (or Ω-shaped) stringers are known. Among
these, hat-shaped stringers (hereinafter, "hat stringers")
have been often used as reinforcing components in re-
cent years, because hat stringers have favorable follow-
ability to the skin.
[0005] In the case of manufacturing a composite ma-
terial panel by using a hat stringer, a hollow jig called
bladder, which is made of rubber (or elastomer), is adopt-
ed. (The bladder is a mold made of an elastic material.)
The bladder is placed inside the hat stringer. The bladder
is configured such that it can be pressurized from the

inside of the hat stringer during the autoclaving. After the
prepreg is cured into the skin by the autoclaving, the blad-
der can be pulled out and removed from the inside of the
hat stringer, and thus demolding can be performed.
[0006] Representative examples of the bladder include
those disclosed by Patent Literature 1, Patent Literature
2, and Patent Literature 3. Among these, Patent Litera-
ture 3 discloses a technique in which an inner bag that
is constituted by a flexible film tube is placed around the
outer periphery of a bladder (in Patent Literature 3, the
outer periphery of a mandrel). The inner bag is used to
apply autoclave pressure to the bladder inside a hat
stringer. Patent Literature 3 also describes that at the
time of pulling out and removing the bladder, a lubricant
may be used to allow the bladder to slide over the surface
of the inner bag.

Citation List

Patent Literature

[0007]

PTL 1: U.S. Patent No. 8926313
PTL 2: U.S. Patent Application Publication No.
2016/0339682
PTL 3: U.S. Patent Application Publication No.
2017/0136687

Summary of Invention

Technical Problem

[0008] Patent Literature 3 illustratively shows the blad-
der and the inner bag that are used for manufacturing a
hat stringer made of a composite material. Also for a blad-
der that is used in the field of manufacturing a composite
material panel, it is often the case that a film such as an
inner bag is provided around the outer periphery of the
bladder, as with Patent Literature 3.
[0009] The bladder body is thick, hollow, and made of
rubber or elastomer. Usually, the bladder body can be
regarded as having no gas permeability. However, in a
high-temperature and high-pressure state during the
autoclaving, the autoclave gas (high-temperature and
high-pressure gas) inside the bladder leaks to the outside
to some extent.
[0010] In the field of manufacturing a composite mate-
rial panel, the outer periphery of the bladder body is often
coated with a film in order to facilitate the removal of the
bladder. The leakage of the autoclave gas can be sup-
pressed to some extent only by the outer peripheral film,
but still the leakage of the autoclave gas cannot be avoid-
ed sufficiently. If the leakage of the autoclave gas occurs,
it causes degradation in the quality of the composite ma-
terial panel. Therefore, by coating the bladder with a de-
gassing film, such as the inner bag of Patent Literature
3, the leaked autoclave gas is evacuated in the longitu-
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dinal direction of the bladder.
[0011] In the case of using such a degassing film, it is
necessary to coat each of a large number of bladders
with the degassing film when manufacturing a composite
material panel. Therefore, it is necessary to purchase the
degassing film by a large amount, which causes increase
in the manufacturing cost. Also, since it is necessary to
perform the work of coating each of the large number of
bladders with the degassing film, man-hours are in-
creased and the manufacturing process becomes com-
plex.
[0012] The present invention has been made to solve
the above-described problems. An object of the present
invention is to provide: a composite material structure
manufacturing jig that makes it possible to manufacture
a high-quality composite material structure in which a
frame component including a channel, such as a hat
stringer, is used without coating the jig with a degassing
material; a method of manufacturing the composite ma-
terial structure manufacturing jig; and a method of man-
ufacturing a composite material structure by using the
composite material structure manufacturing jig.

Solution to Problem

[0013] In order to solve the above-described problems,
a composite material structure manufacturing jig accord-
ing to the present invention is used when manufacturing
a composite material structure by adhering prepreg to a
framework structure including a frame component that
includes a channel extending along a longitudinal direc-
tion of the frame component. The composite material
structure manufacturing jig is inserted in the channel of
the frame component and used therein. The composite
material structure manufacturing jig includes a tubular
body formed of an elastic material containing a reinforce-
ment fiber, the body including a trapezoidal transverse
section that is a cross section orthogonal to a longitudinal
direction of the body, the trapezoidal transverse section
including an upper base and a lower base longer than
the upper base. An inner surface of the body is coated
with a gas barrier layer.
[0014] According to the above configuration, the inner
surface of the body, which is usually not provided with a
gas barrier layer, is coated with the gas barrier layer.
Consequently, compared to a configuration in which the
outer surface of the body is provided with the gas barrier
layer, the gas permeability of the body can be greatly
lowered. Therefore, during the autoclaving, the autoclave
gas (i.e., high-temperature and high-pressure gas) can
be effectively suppressed from leaking to the outside
from the inside of the body. As a result, unlike the con-
ventional art, a high-quality composite material structure
can be manufactured without coating the jig with a de-
gassing material. Consequently, the degassing material
is made substantially unnecessary. Therefore, increase
in the manufacturing cost can be suppressed sufficiently.
Since the coating work is also made substantially unnec-

essary, the complexity of the manufacturing process can
be reduced.
[0015] A method of manufacturing a composite mate-
rial structure manufacturing jig according to the present
invention is a method of manufacturing the above-de-
scribed composite material structure manufacturing jig,
the method using a mold and a core, the mold including
a cavity corresponding to the body, the core being placed
in the cavity and having a shape corresponding to an
internal space of the body. The method includes: placing
the core, the reinforcement fiber, and the elastic material
in the cavity such that the reinforcement fiber and the
elastic material are disposed around the core, the rein-
forcement fiber either including a slit therein that extends
along the longitudinal direction of the body or being sand-
wiched between pieces of the elastic material; placing a
film on an outer peripheral surface of the core such that
the film is wound around the outer peripheral surface of
the core, the film serving as a gas barrier layer; heating
and melting the elastic material to impregnate the elastic
material into the reinforcement fiber to mold the body;
and then pulling out and removing the core from the body.
[0016] The above-described method makes it possible
not only to manufacture the composite material structure
manufacturing jig including the body whose inner surface
is coated with the gas barrier layer, but also to readily
impregnate the elastic material into the reinforcement fib-
er. In addition, the film serving as the gas barrier layer
can provide the core with slidability at the time of removal
of the core in the manufacturing process. Therefore, the
removal of the core can be readily performed, which
makes it possible to improve the productivity of the com-
posite material structure manufacturing jig.
[0017] The present invention also encompasses a
method of manufacturing a composite material structure
by using the above-described composite material struc-
ture manufacturing jig. Specifically, the method of man-
ufacturing a composite material structure according to
the present invention may be a method of manufacturing
a composite material structure in which a frame compo-
nent including a channel is used, the method including:
placing the frame component on an outer peripheral sur-
face of a mold; inserting the above-described composite
material structure manufacturing jig into the channel of
the frame component; laminating prepreg on the com-
posite material structure manufacturing jig and the frame
component; and heating the prepreg to cure the prepreg.
[0018] The above object, other objects, features, and
advantages of the present invention will be made clear
by the following detailed description of preferred embod-
iments with reference to the accompanying drawings.

Advantageous Effects of Invention

[0019] The present invention is configured as de-
scribed above, and has an advantage of being able to
provide: a composite material structure manufacturing
jig that makes it possible to manufacture a high-quality

3 4 



EP 3 912 785 A1

5

5

10

15

20

25

30

35

40

45

50

55

composite material structure in which a frame component
including a channel, such as a hat stringer, is used with-
out coating the jig with a degassing material; a method
of manufacturing the composite material structure man-
ufacturing jig; and a method of manufacturing a compos-
ite material structure by using the composite material
structure manufacturing jig.

Brief Description of Drawings

[0020]

FIG. 1A and FIG. 1B are perspective views each
showing the configuration of a bladder as a compos-
ite material structure manufacturing jig according to
an embodiment of the present invention.
FIG. 2A is a schematic sectional view showing a lon-
gitudinal section of the bladder shown in FIG. 1; FIG.
2B is a partial perspective view showing one end of
the body of the bladder shown in FIG. 1; and FIG.
2C is a schematic sectional view showing a cross
section in a direction orthogonal to the longitudinal
direction of the bladder shown in FIG. 1.
FIG. 3A to FIG. 3C are schematic process drawings
showing one example of a process of manufacturing
the body of the bladder shown in FIG. 1.
FIG. 4A is a schematic sectional view showing a lon-
gitudinal section of the bladder according to a vari-
ation of the present disclosure; FIG. 4B is a partial
perspective view showing one end of the body of the
bladder shown in FIG. 4A; and FIG. 4C is a schematic
sectional view showing a cross section in a direction
orthogonal to the longitudinal direction of the bladder
shown in FIG. 4A.
FIG. 5 is a schematic diagram showing one example
of the dimensions of a reinforcement structure in-
cluded in the bladder of the variation shown in FIG.
4A to FIG. 4C.
FIG. 6A is a partial perspective view showing one
example of a hat stringer that is a representative
frame component of a composite material structure
according to an embodiment of the present inven-
tion; and FIG. 6B is a schematic fragmentary sec-
tional view showing one example of a state where
the composite material structure is manufactured by
inserting the bladder shown in FIGS. 1A and 1B into
the hat stringer shown in FIG. 6A.

Description of Embodiments

[0021] Hereinafter, a representative embodiment of
the present invention is described with reference to the
drawings. In the drawings, the same or corresponding
elements are denoted by the same reference signs, and
repeating the same descriptions is avoided below.

[Composite Material Structure Manufacturing Jig (Blad-
der)]

[0022] First, a specific configuration example of a blad-
der that is one representative example of a composite
material structure manufacturing jig according to the
present disclosure is described with reference to FIG.
1A, FIG. 1B, and FIG. 2A to FIG. 2C. In the description
below, the lengthwise direction of the bladder is referred
to as "longitudinal direction," and a direction orthogonal
to the longitudinal direction is referred to as "transverse
direction." Also, a section of the bladder in the longitudinal
direction is referred to as "longitudinal section," and a
section of the bladder in the transverse direction is re-
ferred to as "transverse section."
[0023] As shown in a perspective view of FIG. 1A and
a perspective view of FIG. 1B, the overall external shape
of a bladder 10 according to the present embodiment is
a pillar-like shape. The bladder 10 includes at least a
body 11, a terminal metal fitting 12, and a terminal plug
13. The body 11 is the main part of the bladder 10, and
the inside of the body 11 is hollow and tubular as shown
in a longitudinal sectional view of FIG. 2A and an end
portion perspective view of FIG. 2B.
[0024] As shown in FIG. 2B and a transverse sectional
view of FIG. 2C, the transverse section of the body 11
has a trapezoidal shape including an upper base and a
lower base longer than the upper base. The reason for
this is that, as described below, the bladder 10 needs to
have a shape that is insertable into a channel formed in
a hat stringer. A wall 11 a of the body 11 corresponds to
the upper base of the trapezoidal transverse section, and
the outer surface of the wall 11a is a surface that comes
into contact with the channel of the hat stringer. There-
fore, in the present embodiment, the wall 11a as shown
in FIG. 1B and FIG. 2B is referred to as "contact wall 11a."
[0025] A wall 11b of the body 11 corresponds to the
lower base of the trapezoidal transverse section, and the
outer surface of the wall 11b is a surface that is exposed
in a state where the bladder 10 is inserted in the channel
of the hat stringer. Therefore, in the present embodiment,
the wall 11b as shown in FIG. 1A and FIG. 2B is referred
to as "exposed wall 11b." Accordingly, FIG. 1A is a per-
spective view when the exposed wall 11b faces upward,
and FIG. 1B is a perspective view when the contact wall
11a faces upward. Of course, the contact wall 11a (the
wall corresponding to the upper base) and the exposed
wall 11b (the wall corresponding to the lower base), which
are positioned opposite from each other, are parallel to
each other. It goes without saying that the frame compo-
nent used in the present disclosure is not limited to a hat
stringer. Known various frame components are applica-
ble, so long as each of these various frame components
includes a channel.
[0026] As shown in FIG. 2B and FIG. 2C, in the present
embodiment, the transverse section of the body 11 has
a trapezoidal shape that is symmetrical with respect to a
line passing through the center point of the upper base
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and the center point of the lower base, i.e., an isosceles
trapezoidal shape. Accordingly, in a case where the walls
of the body 11 corresponding to the respective oblique
sides of the trapezoidal transverse section are defined
as inclined walls 11c, respectively, the inclined walls 11c
are inclined in opposite directions with the same inclina-
tion angle. It should be noted that, similar to the contact
wall 11a, the outer surfaces of the respective inclined
walls 11c also come into contact with the channel of the
hat stringer.
[0027] In the present embodiment, the height of the
trapezoidal transverse section is referred to as a height
H, and the length of the lower base of the trapezoidal
transverse section (i.e., the width of the exposed wall
11b) is referred to as a length D. In the present embod-
iment, the transverse section of the body 11 has, but is
not limited to, an isosceles trapezoidal shape. If the trans-
verse section of the channel of the hat stringer has a non-
isosceles trapezoidal shape, the transverse section of
the body 11 may have a trapezoidal shape conforming
to the non-isosceles trapezoidal shape.
[0028] As shown in FIG. 2A and FIG. 2B, the body 11
has a tubular shape. Both ends of the body 11 are sealed
by the terminal metal fitting 12 and the terminal plug 13,
and thereby the inside of the body 11 is made air-tight.
As shown in FIG. 2A to FIG. 2C, the body 11 includes,
at least, a tubular portion 14, an outer peripheral film 15,
and an inner peripheral film 16. The tubular portion 14 is
formed of an elastic material and a fiber-reinforced ma-
terial 21. The outer peripheral surface of the tubular por-
tion 14 is coated with the outer peripheral film 15. The
inner peripheral surface of the tubular portion 14 is coated
with the inner peripheral film 16. The body 11, excluding
its surface layers that are the outer peripheral film 15 and
the inner peripheral film 16, can be regarded as being
substantially constituted by the tubular portion 14. There-
fore, the above-described contact wall 11a, exposed wall
11b, and inclined walls 11c, which serve as the walls of
the body 11, also serve as the walls of the tubular portion
14.
[0029] The tubular portion 14 is the "main portion" of
the body 11. Therefore, as described below, when the
inside of the body 11 is pressurized by autoclaving, the
tubular portion 14 formed by using an elastic material is
inflated. The fiber-reinforced material 21 is schematically
shown by thick dashed line in FIG. 2C, and the illustration
of the fiber-reinforced material 21 is omitted in FIG. 2A
for the sake of convenience of illustration. The fiber-re-
inforced material 21 does not interfere with the inflation
of the tubular portion 14. The outer peripheral film 15 with
which to coat the outer peripheral surface of the tubular
portion 14, and the inner peripheral film 16 with which to
coat the inner peripheral surface of the tubular portion,
are also stretchable in accordance with the inflation of
the tubular portion 14. Therefore, the overall body 11 is
inflated when the inside of the body 11 is pressurized. A
specific shape and dimensions of the transverse section
of the body 11, specific configurations of the tubular por-

tion 14, the outer peripheral film 15, and the inner periph-
eral film 16, etc., will be described below.
[0030] The overall length of the body 11 is not partic-
ularly limited. As described below, the bladder 10 accord-
ing to the present embodiment is used as a jig for man-
ufacturing a composite material structure, and is inserted
into the channel of each of the frame components (e.g.,
hat stringers) of the composite material structure. There-
fore, the body 11 is designed to have various lengths.
For example, in a case where the composite material
structure is an aircraft fuselage formed as one piece bar-
rel (OPB) and the frame components are hat stringers,
the frame components have various lengths within a pre-
determined range (e.g., within the range of 1 to 14 m).
Therefore, the length of the body 11 may be set to fall
within the predetermined range.
[0031] The terminal metal fitting 12 is a component that
seals one end portion of the body 11. As shown in FIG.
1A and FIG. 2A, the terminal metal fitting 12 is provided
with a pressurization hole 12a formed therein. In the
present embodiment, as shown in FIG. 2A, the terminal
metal fitting 12 includes at least an insert and a head.
The insert is to be inserted into the hollow space of the
body 11. The head is connected to the insert. In a state
where the insert is inserted in the body 11, the insert is
closely adhered to the inner surface of the body 11 by
an adhesive, but the head is exposed to the outside.
[0032] The insert may have a shape that conforms to
the shape of the hollow space of the body 11. In the
present embodiment, as shown in FIG. 2B or FIG. 2C,
each of the walls of the body 11 has substantially the
same thickness. Accordingly, the transverse sectional
shape of the hollow space is also trapezoidal. Therefore,
the insert is a short pillar-shaped portion whose trans-
verse sectional shape is trapezoidal. The length of the
insert is not particularly limited. The insert may have such
a length that in a state where the insert is inserted in the
hollow space of the body 11 and adhered to the inner
surface of the body 11 by the adhesive, the length en-
sures a sufficient adhesion area so that the inside of the
body 11 can be kept air-tight.
[0033] The head of the terminal metal fitting 12 may
have a shape whose dimensions are sufficiently greater
than the dimensions of the hollow space of the body 11
so that the head of the terminal metal fitting 12 can be
assuredly exposed to the outside of the body 11. As de-
scribed below, preferably, the transverse section of the
head of the terminal metal fitting 12 has substantially the
same dimensions as the contour dimensions of the body
11 to facilitate the inserting of the bladder 10 into the
channel of the hat stringer. If the transverse section of
the head and the transverse section of the body 11 are
substantially equal in size to each other, then over the
entire bladder 10, the outer surface of each wall forms a
substantially single flat surface. This allows the bladder
10 to be inserted into, or pulled out and removed from,
the channel more easily.
[0034] Further, in the present embodiment, the outer
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end of the head of the terminal metal fitting 12 is not flat,
but protrudes and includes an inclined surface. Although
not illustrated, the width of a contact surface formed on
the head of the terminal metal fitting 12 may narrow down
toward the outer end of the head, such that the outer end
is formed as a pointed end. If the outer end of the head
includes such an inclined surface (or a pointed end sur-
face), the terminal metal fitting 12 inserted in the channel
of the hat stringer can be readily pulled out and removed
from the channel. Of course, the shape of the outer end
is not limited to such a shape. It should be noted that the
specific shape of the terminal metal fitting 12 is not limited
to the above-described configuration that includes the
insert and the head. The terminal metal fitting 12 may
include other configurational features.
[0035] As shown in FIG. 1A and FIG. 2A, one opening
of the pressurization hole 12a is formed in an exposed
surface of the head of the terminal metal fitting 12, and
the other opening of the pressurization hole 12a is formed
in an end surface of the insert. From the one opening
formed in the exposed surface of the head, the pressur-
ization hole 12a extends into the head substantially per-
pendicularly to the exposed surface of the head, bends
at substantially the center of the head toward the insert,
and connects to the opening formed in the end surface
of the insert. Accordingly, in a state where the bladder
10 is inserted in the channel of the hat stringer, the one
opening of the pressurization hole 12a is exposed at the
exposed surface of the head of the terminal metal fitting
12, and the other opening is connected to the hollow
space of the body 11. Therefore, the pressurization hole
12a serves as an air passage connecting between the
inside and outside of the body 11, and makes it possible
to pressurize the inside of the body 11, which is sealed
air-tight. For example, in a high-pressure environment in
an autoclave, the internal pressure of the body 11 be-
comes also high through the pressurization hole 12a.
Consequently, the inside of the body 11, which is sealed
air-tight, is pressurized and thereby the body 11 is inflat-
ed.
[0036] In the present embodiment, aluminum or an alu-
minum alloy is used as the material of the terminal metal
fitting 12. However, the material of the terminal metal
fitting 12 is not limited to aluminum or an aluminum alloy.
Since the bladder 10 is used as a jig, the terminal metal
fitting 12 is preferably made of a material having a small-
est possible weight. In addition, since the pressurization
hole 12a is formed in the terminal metal fitting 12, the
terminal metal fitting 12 is preferably made of a material
that is readily processable and excellent in terms of main-
taining the shape of a hole formed therein. For these
reasons, and also in light of cost, aluminum or an alumi-
num alloy is suitably used in the present embodiment.
Depending on the manufacturing conditions of the com-
posite material structure, conditions other than "being
lightweight" may be considered as more important.
Therefore, for example, a known metal material other
than aluminum, a ceramic material, or a heat resistant

resin composition may be selected. Alternatively, a com-
posite material may be used, which may be any combi-
nation of the following: various metals, ceramics, and
heat resistant resin compositions.
[0037] The terminal plug 13 is a component that seals
the other end portion of the body 11 in an air-tight manner
(the other end portion is positioned on the opposite side
of the body 11 from the one end portion sealed by the
terminal metal fitting 12). In the present embodiment, as
shown in FIG. 2A, the terminal plug 13 includes an insert
and an outer cap. The insert is to be inserted into the
hollow space of the body 11. The outer cap is connected
to the insert.
[0038] Similar to the insert of the terminal metal fitting
12, the insert of the terminal plug 13 has a short pillar-
like shape whose transverse section is trapezoidal to
conform to the transverse sectional shape of the hollow
space of the body 11. The outer cap has a plate shape
whose external diameter is substantially the same as the
external diameter of the body 11. The length of the insert
is not particularly limited. Similar to the insert of the ter-
minal metal fitting 12, the insert of the terminal plug 13
may have such a length that in a state where the insert
is inserted in the hollow space of the body 11 and adhered
to the inner surface of the body 11 by the adhesive, the
length ensures a sufficient adhesion area so that the in-
side of the body 11 can be kept air-tight.
[0039] It should be noted that the specific shape of the
terminal plug 13 and the dimensions of each portion of
the terminal plug 13 are not limited to the above-de-
scribed configuration. For example, the terminal plug 13
may include other configurational features in addition to
the insert and the outer cap as necessary. The outer cap
need not be plate-shaped, so long as the inside of the
body 11 can be sealed with the outer cap in an air-tight
manner. For example, a metal may be used as the ma-
terial of the terminal plug 13 as with the case of the ter-
minal metal fitting 12. However, preferably, an elastic ma-
terial is used as the material of the terminal plug 13. The
reasons for this include the following: unlike the terminal
metal fitting 12, it is not necessary for the terminal plug
13 to stably maintain the pressure; and after the bladder
10 is inserted and used in the channel of the hat stringer,
when the bladder 10 is pulled out and removed from the
channel, the terminal plug 13 is the rear end of the bladder
10.
[0040] The elastic material of the terminal plug 13 is
not particularly limited to a specific kind. A heat resistant
elastic material having such flexibility as to be able to
keep the inside of the body 11 air-tight may be adopted.
The same elastic material as that of the tubular portion
14 of the body 11 can be used as the elastic material of
the terminal plug 13. It should be noted that both the
tubular portion 14 and the terminal plug 13 may be mold-
ed from the elastic material of the same composition.
Alternatively, the tubular portion 14 and the terminal plug
13 may be molded from respective elastic materials hav-
ing different compositions from each other, because the
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required physical property of the tubular portion 14 and
the required physical property of the terminal plug 13 are
different from each other (e.g., it is important for the tu-
bular portion 14 to have high inflatability while the terminal
plug 13 is not required to have as high inflatability as the
tubular portion 14).
[0041] As previously described, in the present embod-
iment, the body 11 is sealed by the two sealing compo-
nents, which are the terminal metal fitting 12 and the ter-
minal plug 13. Of course, the manner of sealing the body
11 is not thus limited. As one alternative, the body 11
may be sealed by two sealing components that are both
made of a resin composition. As another alternative, the
tubular body 11 may be subjected to secondary molding,
and thereby both the end openings of the tubular body
11 may be sealed without using the additional sealing
components. Whichever sealing technique may be
adopted, so long as the stable pressurization hole 12a
is formed in one of the end portions of the tubular body 11.
[0042] In the present embodiment, the outer peripheral
surface of the tubular portion 14 may be coated with the
outer peripheral film 15, and the inner peripheral surface
of the tubular portion 14 is coated with the inner peripheral
film 16. Each of the outer peripheral film 15 and the inner
peripheral film 16 may have a tubular shape with no joint.
Alternatively, each of the outer peripheral film 15 and the
inner peripheral film 16 may be a sheet-shaped film with
which to coat the outer peripheral surface or the inner
peripheral surface, i.e., each of the outer peripheral film
15 and the inner peripheral film 16 may be configured to
include a joint. In particular, since the inner peripheral
film 16 serves as a gas barrier layer, the absence of the
joint allows the inner peripheral film 16 to exert its gas
barrier capability favorably. However, even in a case
where the inner peripheral film 16 includes a joint, low-
ering of the gas barrier capability of the inner peripheral
film 16 can be prevented with some ingenuity.
[0043] In a case where the outer peripheral film 15 or
the inner peripheral film 16 includes a joint, the joint is
preferably positioned at the contact wall 11a, which cor-
responds to the upper base of the trapezoid of the trans-
verse section. Generally speaking, while the bladder is
not in use, the bladder is placed such that the exposed
wall 11b corresponding to the lower base of the trapezoid
faces downward. Therefore, the outer peripheral film 15
or the inner peripheral film 16 positioned at the exposed
wall 11b side tends to peel off more easily. On the other
hand, when the bladder is placed as above, since the
contact wall 11a corresponding to the upper base faces
upward, the contact wall 11a is less affected by the place-
ment, and the joint positioned at the contact wall 11a is
also less affected by the placement.
[0044] In a conventional bladder, in order to improve
the removability thereof, the outer peripheral surface of
the body 11 is coated with the outer peripheral film 15,
and the outer peripheral film 15 has a certain degree of
gas barrier capability. However, when such a conven-
tional bladder is actually used in the manufacturing of a

composite material structure, even if the tubular body
has a sufficient thickness and the outer peripheral sur-
face thereof is coated with the outer peripheral film 15
having gas barrier capability, a certain amount of auto-
clave gas inevitably leaks from the body 11. Therefore,
conventionally, by coating the body with a degassing ma-
terial such as a degassing film, the leaked autoclave gas
is evacuated in the longitudinal direction of the bladder.
[0045] In this respect, in the present disclosure, not the
outer peripheral surface but the inner peripheral surface
of the body 11 is coated with the inner peripheral film 16,
which serves as a gas barrier layer. In this case, higher
gas barrier capability can be realized than in a case where
the outer peripheral surface is provided with gas barrier
capability. It is common general technical knowledge
that, normally, the gas barrier capability of the outside of
the body 11 is increased in order to improve the gas bar-
rier capability of the body 11. Conventionally, considering
the inflation during the autoclaving, it has not been an
option to form a gas barrier layer on the inner surface of
the body 11. However, as a result of diligent studies by
the inventors of the present invention, it has been newly
found that, since the outer peripheral film is likely to be
damaged from the outside, by coating the inner periph-
eral surface with a gas barrier layer, the gas barrier ca-
pability of the body 11 can be improved without substan-
tially affecting the performance of the bladder 10 as a jig.

[Materials of Composite Material Structure Manufactur-
ing Jig]

[0046] Next, materials used for the tubular portion 14,
the outer peripheral film 15, the inner peripheral film 16,
and the fiber-reinforced material 21, which are included
in the body 11, are described specifically. In addition, a
method of manufacturing the body 11 is also described
specifically. Further, a method of manufacturing the blad-
der 10 is also described.
[0047] In the bladder 10 according to the present em-
bodiment, at least the tubular portion 14, which is the
"main portion" of the body 11, is made of an elastic ma-
terial. Since the tubular portion 14 needs to be inflatable
by internal pressurization, the tubular portion 14 is pref-
erably formed of a material that has excellent elasticity
although the tubular portion 14 may be formed of a gen-
eral elastic material. Therefore, a heat resistant rubber
composition is suitably used as the material of the tubular
portion 14.
[0048] As previously described, a known silicone rub-
ber composition is a preferable example of the heat re-
sistant rubber composition. A fluororubber composition
is another preferable example of the heat resistant rubber
composition. The base polymer of each of these rubber
compositions is an elastomer resin having a heat resist-
ance limit temperature of about 230 °C and a safe heat
resistance temperature of about 180 °C or higher. There-
fore, these rubber compositions are particularly prefera-
ble materials for the bladder 10, which is used as a jig in
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a high-temperature and high-pressure environment.
[0049] Each of these rubber compositions is obtained
in the following manner: an uncrosslinked rubber precur-
sor composition whose base polymer is blended with ad-
ditive agents such as a curing agent and a pigment is
heated and pressurized, and thereby cross-linked. For
example, the surface hardness of the tubular portion 14
is a surface hardness measured by a JIS K6253 durom-
eter type A spring type hardness test, and is preferably
within the range of, for example, 50 to 85. Therefore, in
the rubber precursor composition, the components are
blended so as to realize this surface hardness.
[0050] The chemical composition of a silicone rubber
precursor composition serving as the rubber precursor
composition is not particularly limited. Examples of the
base polymer of the silicone rubber precursor composi-
tion include polydimethyl silicone rubber (MQ), methyl
vinyl silicone rubber (VMQ), methyl phenyl silicone rub-
ber (PMQ), and fluorosilicone rubber (FVMQ). Examples
of the curing agent include an organic peroxide, such as
alkyl organic peroxide. The silicone rubber precursor
composition may be further blended with other additive
agents, such as a reinforcement material (silica), a pig-
ment, and an internal mold release agent.
[0051] The chemical composition of a fluororubber pre-
cursor composition serving as the rubber precursor com-
position is also not particularly limited. Examples of a
fluorocarbon resin serving as the base polymer of the
fluororubber precursor composition include polyvinyli-
dene fluoride, tetrafluoroethylene-propylene copolymer,
and tetrafluoroethylene-perfluorovinyl ether copolymer.
The curing agent and the other additive agents to be
blended in the fluororubber precursor composition are
the same as those mentioned above.
[0052] The outer peripheral film 15, which is the outer
surface layer of the body 11, is mainly used for providing
favorable slidability when pulling out and removing the
bladder 10 from the channel of the hat stringer after the
composite material structure is manufactured. Therefore,
particularly preferably, the material of the outer peripheral
film 15 has low tackiness. In the present embodiment, a
fluorocarbon resin composition is particularly preferably
used as the material of the outer peripheral film 15.
[0053] Examples of the fluorocarbon resin composition
include polytetrafluoroethylene (PTFE), tetrafluoroethyl-
ene-ethylene copolymer (ETFE), tetrafluoroethylene-
perfluoroalkyl vinyl ether copolymer (PFA), and
tetrafluoroethylene-hexafluoropropylene copolymer
(FEP). In the present embodiment, a film formed of pol-
ytetrafluoroethylene (PTFE) is used.
[0054] For example, the fiber-reinforced material 21,
which is included in the body 11 together with the elastic
material, is a cloth that is, for example, a braid cloth, a
woven fabric cloth, a knitted cloth, or a non-woven fabric
cloth. The fiber-reinforced material 21 is not limited to a
cloth, but may be, for example, filament fibers. The fiber-
reinforced material 21 may be configured such that it
does not prevent the inflation of the body 11 when the

body 11 is pressurized during autoclaving. In a case
where the fiber-reinforced material 21 is a cloth, a slit
may be formed in the cloth along the longitudinal direction
as necessary. A fibrous material used as the fiber-rein-
forced material 21 is not particularly limited. Examples
of the fibrous material include aramid fibers, nylon fibers,
polyester fibers, glass fibers, and carbon fibers. Typically,
it is preferable to use a cloth made of glass fibers (i.e., a
glass cloth). Among these, a plurality of kinds of fibrous
materials may be used in combination.
[0055] The inner peripheral film 16, which is the inner
surface layer of the body 11, is a gas barrier layer used
for suppressing the leakage of autoclave gas (high-tem-
perature and high-pressure gas) from the inside of the
body 11. Therefore, the material of the inner peripheral
film 16 may be a material that can exert gas barrier ca-
pability even under the high-temperature and high-pres-
sure condition during the autoclaving.
[0056] Specific examples of the material of the inner
peripheral film 16 include a fluorocarbon resin film, a pol-
yether ether ketone (PEEK) film, a polyimide film, a polya-
mide film, and a polyester film. In a case where the inner
peripheral film 16 is a fluorocarbon resin film, more pref-
erable examples of the material of the inner peripheral
film 16 include a polytetrafluoroethylene (PTFE) film and
a tetrafluoroethylene-ethylene copolymer (FTFE) film. In
a case where the inner peripheral film 16 is a polyamide
film, more preferable examples of the material of the inner
peripheral film 16 include an aromatic polyamide film. In
a case where the inner peripheral film 16 is a polyester
film, more preferable examples of the material of the inner
peripheral film 16 include a polyethylene naphthalate
(PEN) film.
[0057] The thickness of each of the tubular portion 14,
the outer peripheral film 15, and the inner peripheral film
16 included in the body 11 is not particularly limited. The
thickness of the tubular portion 14 may be suitably se-
lected from a thickness range adopted by a known blad-
der 10 while taking into account, for example, the inflation
during the autoclaving and the flexibility at the time of
removal. The thickness of the outer peripheral film 15
may be set so that, as previously mentioned, favorable
slidability can be exerted at the time of removal, and also,
sufficient durability for preventing breakage at the time
of removal can be obtained. The thickness of the inner
peripheral film 16 may be set so that, as previously men-
tioned, the autoclave gas can be suppressed or prevent-
ed from leaking from the body 11 during the autoclaving.

[Example of Manufacturing Composite Material Structure 
Manufacturing Jig]

[0058] Next, one example of a representative method
of manufacturing the bladder 10, which is one example
of the composite material structure manufacturing jig ac-
cording to the present disclosure, is specifically de-
scribed with reference to FIG. 3A to FIG. 3C, particularly
focusing on molding (manufacturing) of the body 11.
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[0059] The body 11 may be manufactured by using
any method known in the field of resin molding. Particu-
larly in a case where the body 11 includes at least the
tubular portion 14, the outer peripheral film 15, the inner
peripheral film 16, and the fiber-reinforced material 21,
the body 11 may be manufactured by using a mold (metal
mold) as shown in FIG. 3A to FIG. 3C. As schematically
shown in FIG. 3A, for example, the mold for molding the
body 11 includes at least an upper mold 31 and a lower
mold 32. A cavity 32a corresponding to the body 11 is
formed in the lower mold 32. The cavity 32a is channel-
shaped conforming to the outer shape of the body 11.
Specifically, the cavity 32a extends in one direction, and
the transverse section thereof has an inverted trapezoi-
dal shape (i.e., a trapezoidal shape with the lower base
facing upward and the upper base facing downward).
[0060] First, as shown in FIG. 3A, for example, the out-
er peripheral film 15 is placed such that the outer periph-
eral film 15 covers the entire inner surface of the cavity
32a of the lower mold 32 and extends to the upper surface
of the lower mold 32. A plate-shaped material 22 made
of the rubber precursor composition is placed on the outer
peripheral film 15 in a manner to conform to the shape
of the cavity 32a. At the time, preferably, a contact surface
(upper surface) of the outer peripheral film 15, the contact
surface contacting the plate-shaped material 22, has al-
ready been subjected to any of various surface treat-
ments for increasing the adhesiveness of the contact sur-
face.
[0061] A specific surface treatment technique to be
adopted is not particularly limited. Examples of the sur-
face treatment technique include alkali treatment using
a basic solution such as a sodium hydroxide solution,
corona discharge treatment, etc. If the rubber precursor
composition is a silicone rubber precursor composition,
one preferable example of the surface treatment tech-
nique in light of long-lasting adhesiveness is alkali treat-
ment.
[0062] As shown in FIG. 3A, in order to form the hollow
space of the tubular portion 14, a core metal 33 serving
as a core box is prepared, and the inner peripheral film
16 is wound around the outer periphery of the core metal
33. Then, the fiber-reinforced material 21 (represented
by dashed line in the drawing) is placed outside the core
metal 33, around which the inner peripheral film 16 is
wound, such that the fiber-reinforced material 21 is
wound around the outer periphery of the core metal 33,
which is then placed on the upper surface of the rubber
precursor composition plate-shaped material 22 placed
on the lower mold 32. In this manner, the core metal 33
is accommodated in the cavity 32a of the lower mold 32.
At the time, preferably, a contact surface (outer surface)
of the inner peripheral film 16, the contact surface con-
tacting the plate-shaped material 22, has already been
subjected to the same surface treatment as that per-
formed on the outer peripheral film 15. The fiber-rein-
forced material 21 may also be subjected to known ad-
hesive treatment to improve the adhesiveness of the fib-

er-reinforced material 21 to the plate-shaped material 22.
[0063] In the present disclosure, at the time of placing
the core metal 33, the fiber-reinforced material 21 (rein-
forcement fibers), and the rubber precursor composition
plate-shaped material 22 (the elastic material) in the cav-
ity 32a such that the fiber-reinforced material 21 (the re-
inforcement fibers) and the rubber precursor composition
plate-shaped material 22 (the elastic material) are dis-
posed around the core metal 33, preferably, the fiber-
reinforced material 21 either includes a slit therein that
extends along the longitudinal direction of the body 11,
or is sandwiched between pieces of the elastic material.
In a case where the fiber-reinforced material 21 includes
a slit therein that extends along the longitudinal direction,
the elastic material (the heat resistant rubber composi-
tion) that has melted can be readily impregnated into the
fiber-reinforced material 21. Alternatively, also in a case
where the fiber-reinforced material 21 is sandwiched be-
tween pieces of the elastic material (e.g., between plate-
shaped materials 22), the pieces of the elastic material
(the heat resistant rubber composition) that have melted
can be readily impregnated into the fiber-reinforced ma-
terial 21.
[0064] In FIG. 3A, each of the inner peripheral film 16
and the fiber-reinforced material 21 has a tubular shape
extending in the longitudinal direction. However, each of
the inner peripheral film 16 and the fiber-reinforced ma-
terial 21 to be wound around need not be tubular, but
may be sheet-shaped. In particular, in a case where the
inner peripheral film 16 is tubular, the inner peripheral
surface of the body 11 of the obtained bladder 10 is coat-
ed with the inner peripheral film 16 (the gas barrier layer),
with no joint formed at the inner peripheral surface of the
body 11. This makes it possible to further improve the
gas barrier capability of the inner peripheral film 16. Al-
ternatively, in a case where the inner peripheral film 16
is a sheet-shaped film, even though a joint is formed in
this case, leakage of the autoclave gas through the joint
can be prevented, for example, by making the ends of
the inner peripheral film 16 overlap each other.
[0065] Then, as shown in FIG. 3A, the rubber precursor
composition plate-shaped material 22 is placed on the
upper side of the core metal 33, and the outer peripheral
film 15 is further placed thereon. In this state, accommo-
dated in the cavity 32a of the lower mold 32 are the low-
ermost outer peripheral film 15, the lower rubber precur-
sor composition plate-shaped material 22, the fiber-rein-
forced material 21, the core metal 33 covered with the
inner peripheral film 16, the upper rubber precursor com-
position plate-shaped material 22, and the upper outer
peripheral film 15, which are sequentially stacked in this
order. It should be noted that the arrangement of the rub-
ber precursor composition in the cavity 32a is not limited
to arranging the plate-shaped material 22 at both the up-
per and lower sides. Alternatively, the rubber precursor
composition not in a plate shape but in a different shape
may be placed in a manner to conform to the sectional
shape of the body 11. Partial topping of the rubber pre-
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cursor composition may be adopted. Alternatively, the
fiber-reinforced material 21 may be sandwiched between
pieces of the rubber precursor composition.
[0066] Next, as shown in FIG. 3B, the upper mold 31
and the lower mold 32 are subjected to mold clamping
by an unshown mold clamp, and retained under prede-
termined molding conditions (e.g., a predetermined tem-
perature range, mold clamping pressure, retention time,
etc.). As a result, the plate-shaped materials 22 melt and
turn into a fluid of the rubber precursor composition. The
rubber precursor composition fluid spreads within the
cavity 32a, and is impregnated into the fiber-reinforced
material 21. The rubber precursor composition fluid is
cured due to progression of a crosslinking reaction, and
thereby the tubular portion 14 is formed, which is made
of the heat resistant rubber composition (the elastic ma-
terial) reinforced by the fiber-reinforced material 21. Fur-
ther, the outer peripheral films 15 closely adhere to the
outer surface of the tubular portion 14, and are integrated
with the tubular portion 14. Also, the inner peripheral film
16 closely adheres to the inner surface of the tubular
portion 14, and is integrated with the tubular portion 14.
[0067] Thereafter, as shown in FIG. 3C, the mold
clamp is released and the upper mold 31 is opened. A
molded product of the body 11 is removed from the cavity
32a, and the core metal 33 is pulled out and removed
from the molded product. Thereafter, the burr is removed
from the molded product to trim the outer shape thereof,
and thus the body 11 is formed. As shown in FIG. 3C,
the body 11 includes: the tubular portion 14 including at
least the fiber-reinforced material 21 and the elastic ma-
terial; the outer peripheral film 15, with which the outer
peripheral surface of the tubular portion 14 is coated; and
the inner peripheral film 16, with which the inner periph-
eral surface of the tubular portion 14 is coated.
[0068] Next, although not illustrated, the terminal metal
fitting 12 and the terminal plug 13 serving as sealing com-
ponents are attached to both ends of the molded body
11. For example, a known heat resistant adhesive used
for a heat resistant rubber composition is applied to the
insert of the terminal metal fitting 12 and the insert of the
terminal plug 13, and these inserts are inserted into the
respective end portions of the body 11. Thereafter, the
adhesive is cured, and thereby the body 11 is sealed air-
tight. In this manner, the bladder 10 according to the
present embodiment is manufactured.
[0069] It should be noted that various conditions, aux-
iliary materials such as adhesives, etc., to be adopted in
the manufacturing process are not particularly limited.
Known conditions or materials in the field of bladders can
be suitably used. For example, one representative ex-
ample of a method of manufacturing a bladder is de-
scribed in the previously mentioned Patent Literatures 1
to 3. Therefore, the bladder 10 according to the present
disclosure can be manufactured not only in accordance
with the above-described manufacturing method exam-
ple, but also with reference to these known literatures.
[0070] The inventors of the present invention have

found as a result of their diligent studies that when the
body 11 is molded by using the above-described upper
mold 31 and lower mold 32, the fiber-reinforced material
21 is not sufficiently contained within the walls near the
lower base corners of the trapezoidal transverse section,
that is, near the outer ends of the exposed wall 11b cor-
responding to the lower base, i.e., near the contact sur-
faces between the upper mold 31 and the lower mold 32,
and the fiber-reinforced material 21 partly protrudes to
the outside of the walls, or even if the fiber-reinforced
material 21 does not protrude to the outside of the walls,
the fiber-reinforced material 21 is present extremely lo-
cally near the outside of the walls (i.e., present adjacently
to the outer peripheral surfaces of the walls).
[0071] When the fiber-reinforced material 21 is partly
exposed from the walls, the autoclave gas tends to leak
from a part of the walls, from which part the fiber-rein-
forced material 21 is exposed. Even in a case where the
fiber-reinforced material 21 is not exposed from the walls,
if a part of the fiber-reinforced material 21 is positioned
too close to the outside of the walls, then after repeated
use of the bladder 10, in which the body 11 is repeatedly
inflated by autoclaving, cracks occur in the part of the
fiber-reinforced material 21, the part being positioned too
close to the outside of the walls. Consequently, the auto-
clave gas tends to leak through the cracks.
[0072] In a conventional bladder, as previously de-
scribed, in order to improve the removability of the blad-
der, the outer peripheral surface of the body 11 is coated
with the outer peripheral film 15, and the outer peripheral
film 15 has a certain degree of gas barrier capability.
However, if the fiber-reinforced material 21 is exposed
near the outer ends of the exposed wall 11b, almost none
of the leakage of the autoclave gas can be suppressed
by the outer peripheral film 15. In this respect, in a case
where the inner peripheral surface is coated with the inner
peripheral film 16 serving as a gas barrier layer as in the
present disclosure, even if the fiber-reinforced material
21 is exposed, the leakage of the autoclave gas can be
sufficiently suppressed by the inner peripheral surface
of the body 11. This makes it possible to effectively sup-
press or avoid the leakage of the autoclave gas from a
part of the walls, from which part the fiber-reinforced ma-
terial 21 is exposed.
[0073] In the present embodiment, as described
above, the inner peripheral film 16 serving as a gas bar-
rier layer is wound around the outer peripheral surface
of the core metal 33 serving as a core. The rubber pre-
cursor composition (the elastic material) is heated such
that the rubber precursor composition is melted and im-
pregnated into the reinforcement fibers, and thereby the
body 11 is molded. Thereafter, the core metal 33 (the
core) is pulled out and removed from the body 11. Ac-
cordingly, the inner peripheral film 16 serving as the gas
barrier layer of the body 11 can provide slidability when
the core metal 33 is pulled out and removed in the man-
ufacturing process. Therefore, in this case, the removal
of the core metal 33 can be performed more readily than
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in the conventional art. Thus, with the inner peripheral
film 16, not only can the gas barrier capability of the body
11 be improved, but also the productivity of the bladder
10 can be improved.

[Variations]

[0074] The bladder 10 as the composite material struc-
ture manufacturing jig according to the present disclosure
is not limited to the configuration of the above-described
present embodiment, so long as the inner surface of the
trapezoidal body 11 is coated with a gas barrier layer. As
one variation of the bladder 10 according to the present
disclosure, for example, FIG. 4A to FIG. 4C show a con-
figuration in which a reinforcement structure 17 is dis-
posed inside the body 11. The reinforcement structure
17 suppresses deformation of the body 11 due to press-
ing from the outside of the body 11.
[0075] The reinforcement structure 17 has a shape ex-
tending along the longitudinal direction of the body 11.
The reinforcement structure 17 is either divided into piec-
es in the longitudinal direction, or provided with slits
formed in a direction crossing the longitudinal direction
(e.g., in the transverse direction). It should be noted that,
except the reinforcement structure 17, the configuration
of the bladder 10 shown in FIG. 4A to FIG. 4C is sub-
stantially the same as the configuration shown in FIG.
2A to FIG. 2C. Therefore, the description of the common
configuration is omitted.
[0076] As previously described, the body 11 is made
of the elastic material, such as a heat resistant rubber
composition. Therefore, even though the body 11 is re-
inforced by the fiber-reinforced material 21, there is a
case where the exposed wall 11b of the body 11 becomes
warped at the time of lamination of the prepreg that forms
the skin. In this case, the prepreg cannot be laminated
properly, and consequently the prepreg sinks inward of
the body 11. In order to laminate the prepreg while avoid-
ing the sinking thereof, the pressure and speed of the
prepreg lamination by a laminator cannot be made high.
Therefore, it has been difficult to improve the productivity.
[0077] In this respect, if the reinforcement structure 17
extending along the longitudinal direction is provided in-
side the body 11 as shown in FIG. 4A to FIG. 4C, then
at the time of prepreg lamination, the phenomenon in
which the exposed wall 11b becomes warped and con-
sequently the prepreg sinks can be suppressed effec-
tively. As shown in FIG. 4A, the reinforcement structure
17 is, for example, provided with slits formed in the trans-
verse direction. Therefore, the body 11 has sufficient flex-
ibility in the longitudinal direction. For this reason, the
bladder 10 including the reinforcement structure 17 can
exert favorable followability to the skin. As a result, neg-
ative effects on the removal of the bladder 10 can be
avoided effectively.
[0078] The reinforcement structure 17 may have the
same shape as the internal shape of the body 11. Since
the internal transverse sectional shape of the body 11 is

also trapezoidal as shown in FIG. 4B and FIG. 4C, the
transverse sectional shape of the reinforcement structure
17 may be a hollow trapezoidal shape. The reinforcement
structure 17 need not be hollow. However, considering
the properties such as followability and deformability, it
is preferable that the reinforcement structure 17 be hol-
low.
[0079] As shown in FIG. 5, the reinforcement structure
17 may be configured to include a lower-base-side outer
surface 17b and an upper-base-side outer surface 17a.
The upper-base-side outer surface 17a is positioned on
the opposite side of the reinforcement structure 17 from
the lower-base-side outer surface 17b. In a state where
the reinforcement structure 17 is disposed inside the
body 11, the lower-base-side outer surface 17b has a
width corresponding to the inner surface of the lower base
(the exposed wall 11b), and the upper-base-side outer
surface 17a has a width corresponding to the inner sur-
face of the upper base (the contact wall 11a). Here, in a
case where the distance between the inner surface of
the lower base and the inner surface of the upper base
of the body 11 is defined as an "internal height h1 of the
body 11" and the distance between the lower-base-side
outer surface 17b and the upper-base-side outer surface
17a of the reinforcement structure 17 is defined as an
"outer surface height h2 of the reinforcement structure
17," the relationship between h1 and h2 may be h1 > h2
as shown in FIG. 5A. It should be noted that, in the draw-
ing of FIG. 5, the contour of the body 11 is simply indicated
by dashed line for the sake of convenience of the de-
scription of the relationship between the internal height
h1 of the body and the outer surface height h2 of the
reinforcement structure 17.
[0080] As described above, in the present embodi-
ment, the outer surface height h2 may be less than the
internal height h1 such that, in a state where the upper-
base-side outer surface 17a of the reinforcement struc-
ture 17 is in contact with the inner surface of the upper
base (the contact wall 11a), the lower-base-side outer
surface 17b is not in contact with the inner surface of the
lower base (the exposed wall 11b), with a gap formed
between the lower-base-side outer surface 17b and the
inner surface of the lower base (the exposed wall 11b).
In other words, the reinforcement structure 17 has a sim-
ilar shape to the internal shape of the body 11; however,
the reinforcement structure 17 may be in such a size that
it does not contact the inner surfaces of the body 11 (i.e.,
the internal dimensions of the bladder 10 may be smaller
than the external dimensions of the reinforcement struc-
ture 17).
[0081] In FIG. 5 (and FIGS. 4B and FIG. 4C), similar
to the transverse sectional shape of the internal space
(hollow space) of the body 11, the transverse sectional
shape of the reinforcement structure 17 is also trapezoi-
dal. However, the transverse sectional shape of the re-
inforcement structure 17 is not limited to a trapezoidal
shape. The reinforcement structure 17 may have a dif-
ferent transverse sectional shape, so long as the rein-
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forcement structure 17 has a shape that includes the up-
per-base-side outer surface 17a and the lower-base-side
outer surface 17b as previously described. If the trans-
verse sectional shape of the reinforcement structure 17
is a trapezoidal shape, the shape of the hollow space of
the body 11 can be kept to a proper shape. However,
depending on, for example, use conditions of the bladder
10, it is possible that the followability or deformability of
the body 11 can be further improved by using the rein-
forcement structure 17 having a transverse sectional
shape different from a trapezoidal shape.

[Method of Using Bladder (Method of Manufacturing 
Composite Material Structure)]

[0082] Next, a representative method of using the blad-
der 10, which is the composite material structure manu-
facturing jig according to the present disclosure, i.e., one
example of a method of manufacturing a composite ma-
terial structure by using the bladder 10 according to the
present disclosure, is specifically described with refer-
ence to FIG. 6A and FIG. 6B. For example, in the man-
ufacturing of any of various composite material structures
in which a hat stringer 41 shown in FIG. 6A is used as a
frame component including a channel, the bladder 10
according to the present embodiment is suitably used as
a jig for the hat stringer 41.
[0083] As shown in FIG. 6A, the hat stringer 41 has a
rod shape or elongated plate shape extending in one
direction. The hat stringer 41 includes a pair of flat band-
shaped portions 41a and a channel 41b. The flat band-
shaped portions 41a extend in the longitudinal direction
of the hat stringer 41, and are parallel to each other. The
channel 41b is formed between the band-shaped por-
tions 41a, and is recessed from the surfaces of the re-
spective flat regions. It should be noted that FIG. 6A
shows the channel 41b recessed downward. As sche-
matically shown in FIG. 6A by dotted line, the bladder 10
is inserted in the channel 41b and used therein.
[0084] For example, in a case where the composite
material structure is an aircraft fuselage, a mandrel that
is a core jig for retaining the cylindrical shape of the fu-
selage is prepared. Channel-shaped recesses, to each
of which the hat stringer 41 is to be attached, are formed
in the outer peripheral surface of the mandrel. Accord-
ingly, the hat stringer 41 is attached to one of the recess-
es. In this state, as shown in FIG. 6A, the hat stringer 41
is attached to the mandrel such that the channel 41b is
exposed. The bladder 10 is inserted in the exposed chan-
nel 41b.
[0085] In such a state where the bladder 10 is inserted,
prepreg is adhered to the outer surfaces of the band-
shaped portions 41a of the hat stringer 41 and the outer
surface of the exposed wall 11b of the bladder 10. In a
case where the composite material structure is an aircraft
fuselage as mentioned above, for example, by means of
an automatic laminator equipped with a lamination roller,
the prepreg is laminated and adhered to the outer sur-

faces while the mandrel is being rotated. During the pre-
preg lamination, the bladder 10 functions as a "backing
strip" for the prepreg.
[0086] It should be noted that in a case where the body
11 of the bladder 10 is readily deformable due to the
pressing by the lamination roller, a defect such as defor-
mation may occur in the prepreg lamination. For exam-
ple, when the exposed wall 11b of the bladder 10 is
pressed by the lamination roller, the exposed wall 11b
may be deformed in a manner to be recessed, which
causes, for example, the following problems: deforma-
tion such as "undulation" occurs in the prepreg; the pre-
preg lamination position is shifted from the proper posi-
tion; and the lamination pressure is lowered, and thereby
layers of the prepreg do not closely adhere to each other
and gaps are formed therebetween (i.e., voids in mate-
rial).
[0087] In the bladder 10 of the variation as shown in
FIGS. 4A to FIG. 4C and FIG. 5, the reinforcement struc-
ture 17 is provided inside the body 11. This makes it
possible to favorably suppress deformation of the bladder
10 even when the exposed wall 11b is pressed by the
lamination roller. As a result, the occurrence of the above-
described problems relating to the prepreg can be avoid-
ed.
[0088] FIG. 6B shows one representative example of
a state where the prepreg lamination is completed. FIG.
6B schematically shows the bladder 10 and the hat string-
er 41 being mounted to the outer peripheral surface of
the mandrel 42, around which prepreg 43 is wound. It
should be noted that FIG. 6B schematically shows a sec-
tional view of the bladder 10 around the terminal metal
fitting 13. In particular, the mandrel 42 and the hat stringer
41 are schematically shown such that they are flat plate-
shaped.
[0089] In a state where the prepreg 43 is thus laminated
and adhered to the outer peripheral surface of the man-
drel 42, as shown in FIG. 6B, the entire structure is cov-
ered with a bagging film 44 and accommodated in an
autoclave. In the autoclave, the structure is heated at a
predetermined temperature and pressurized at a prede-
termined pressure. At the time, as shown in FIG. 6B, the
high-temperature and high-pressure atmosphere in the
autoclave is transferred (as indicated by an arrow in the
drawing) to the inside of the bladder 10 (i.e., the inside
of the body 11, which is kept air-tight) through the pres-
surization hole 12a in the terminal metal fitting 12 of the
bladder 10, and as a result, the pressure inside the blad-
der 10 increases, causing the body 11 to inflate.
[0090] At the time, the inner surface of the body 11,
which is usually not provided with a gas barrier layer, is
coated with the inner peripheral film 16, which serves as
a gas barrier layer. Consequently, compared to a config-
uration in which only the outer surface of the body 11 is
provided with a gas barrier layer (the outer peripheral film
15), the gas permeability of the body 11 can be greatly
lowered as shown in FIG. 6B. Therefore, during the auto-
claving, the autoclave gas (i.e., high-temperature and
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high-pressure gas) can be effectively suppressed from
leaking to the outside from the inside of the body 11. For
this reason, unlike the conventional art, a high-quality
composite material structure can be manufactured with-
out coating the components such as the bladder 10 with
a degassing material.
[0091] Further, as shown in FIG. 6B, the high-temper-
ature and high-pressure atmosphere in the autoclave is
applied to the entire prepreg 43 via the bagging film 44
(as indicated by arrows in the drawing). As a result, curing
of the prepreg 43 progresses in a state where the un-
shown band-shaped portions 41a of the hat stringer 41
are pressed against the prepreg 43 by strong external
force. Then, when the curing is completed, a composite
material structure is obtained. In the obtained composite
material structure, a framework including the hat stringer
41, and the skin formed by the curing of the prepreg 43,
are firmly and closely adhered to, and integrated with,
each other.
[0092] A composite material structure manufacturing
jig according to the present disclosure is used when man-
ufacturing a composite material structure by adhering
prepreg to a framework structure including a frame com-
ponent that includes a channel extending along a longi-
tudinal direction of the frame component. The composite
material structure manufacturing jig is inserted in the
channel of the frame component and used therein. The
composite material structure manufacturing jig includes
a tubular body formed of an elastic material containing a
reinforcement fiber, the body including a trapezoidal
transverse section that is a cross section orthogonal to
a longitudinal direction of the body, the trapezoidal trans-
verse section including an upper base and a lower base
longer than the upper base. An inner surface of the body
is coated with a gas barrier layer.
[0093] According to the above configuration, the inner
surface of the body, which is usually not provided with a
gas barrier layer, is coated with the gas barrier layer.
Consequently, compared to a configuration in which the
outer surface of the body is provided with the gas barrier
layer, the gas permeability of the body can be greatly
lowered. Therefore, during the autoclaving, the autoclave
gas (i.e., high-temperature and high-pressure gas) can
be effectively suppressed from leaking to the outside
from the inside of the body. As a result, unlike the con-
ventional art, a high-quality composite material structure
can be manufactured without coating the jig with a de-
gassing material. Consequently, the degassing material
is made substantially unnecessary. Therefore, increase
in the manufacturing cost can be suppressed sufficiently.
Since the coating work is also made substantially unnec-
essary, the complexity of the manufacturing process can
be reduced.
[0094] In the composite material structure manufactur-
ing jig according to the present disclosure, the gas barrier
layer may be a fluorocarbon resin film, a polyether ether
ketone (PEEK) film, a polyimide film, a polyamide film,
or a polyester film.

[0095] In the composite material structure manufactur-
ing jig according to the present disclosure, the fluorocar-
bon resin film may be a polytetrafluoroethylene (PTFE)
film or a tetrafluoroethylene-ethylene copolymer (FTFE)
film. The polyamide film may be an aromatic polyamide
film. The polyester film may be a polyethylene naphtha-
late (PEN) film.
[0096] The composite material structure manufactur-
ing jig according to the present disclosure may include a
reinforcement structure disposed inside the body, the re-
inforcement structure suppressing deformation of the
body when the body is pressed from outside. The rein-
forcement structure may have a shape extending along
the longitudinal direction of the body. The reinforcement
structure may be either divided into pieces in the longi-
tudinal direction, or provided with a slit formed in a direc-
tion crossing the longitudinal direction.
[0097] In the composite material structure manufactur-
ing jig according to the present disclosure, the reinforce-
ment structure may include a lower-base-side outer sur-
face and an upper-base-side outer surface, the upper-
base-side outer surface being positioned on an opposite
side of the reinforcement structure from the lower-base-
side outer surface, and in a state where the reinforcement
structure is disposed inside the body, the lower-base-
side outer surface may have a width corresponding to an
inner surface of the lower base, and the upper-base-side
outer surface may have a width corresponding to an inner
surface of the upper base. In a case where a distance
between the inner surface of the lower base and the inner
surface of the upper base is defined as an internal height
of the body and a distance between the lower-base-side
outer surface and the upper-base-side outer surface of
the reinforcement structure is defined as an outer surface
height of the reinforcement structure, the outer surface
height may be less than the internal height such that, in
a state where the upper-base-side outer surface is in
contact with the inner surface of the upper base, the low-
er-base-side outer surface is not in contact with the inner
surface of the lower base, with a gap formed between
the lower-base-side outer surface and the inner surface
of the lower base.
[0098] A method of manufacturing the composite ma-
terial structure manufacturing jig according to the present
disclosure may use a mold and a core, the mold including
a cavity corresponding to the body, the core being placed
in the cavity and having a shape corresponding to an
internal space of the body. The method may include: plac-
ing the core, the reinforcement fiber, and the elastic ma-
terial in the cavity such that the reinforcement fiber and
the elastic material are disposed around the core, the
reinforcement fiber either including a slit therein that ex-
tends along the longitudinal direction of the body or being
sandwiched between pieces of the elastic material; plac-
ing a film on an outer peripheral surface of the core such
that the film is wound around the outer peripheral surface
of the core, the film serving as a gas barrier layer; heating
and melting the elastic material to impregnate the elastic
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material into the reinforcement fiber to mold the body;
and then pulling out and removing the core from the body.
[0099] The above-described method makes it possible
not only to manufacture the composite material structure
manufacturing jig including the body whose inner surface
is coated with the gas barrier layer, but also to readily
impregnate the elastic material into the reinforcement fib-
er. In addition, the film serving as the gas barrier layer
can provide the core with slidability at the time of removal
of the core in the manufacturing process. Therefore, the
removal of the core can be readily performed, which
makes it possible to improve the productivity of the com-
posite material structure manufacturing jig.
[0100] The present disclosure also encompasses a
method of manufacturing a composite material structure
by using the above-described composite material struc-
ture manufacturing jig. Specifically, the method of man-
ufacturing a composite material structure according to
the present disclosure may be a method of manufacturing
a composite material structure in which a frame compo-
nent including a channel is used, the method including:
placing the frame component on an outer peripheral sur-
face of a mold; inserting the above-described composite
material structure manufacturing jig into the channel of
the frame component; laminating prepreg on the com-
posite material structure manufacturing jig and the frame
component; and heating the prepreg to cure the prepreg.
[0101] From the foregoing description, numerous mod-
ifications and other embodiments of the present invention
are obvious to a person skilled in the art. Therefore, the
foregoing description should be interpreted only as an
example and is provided for the purpose of teaching the
best mode for carrying out the present invention to a per-
son skilled in the art. The structural and/or functional de-
tails may be substantially modified without departing from
the spirit of the present invention.

Industrial Applicability

[0102] The present invention is widely and suitably ap-
plicable in the field of manufacturing a composite material
structure in which a frame component including a chan-
nel, such as a hat stringer, is used.

Reference Signs List

[0103]

10: bladder
11: body
11a: contact wall
11b: exposed wall
11c: inclined wall
12: terminal metal fitting
12a: pressurization hole
13: terminal plug
14: tubular portion
15: outer peripheral film (gas barrier layer)

16: inner peripheral film (gas barrier layer)
17: reinforcement structure
21: fiber-reinforced material (reinforcement fiber)
22: rubber precursor composition plate-shaped ma-

terial (elastic material)
31: upper mold (mold)
32: lower mold (mold)
32a: cavity
33: core metal (mold, core)
41: hat stringer
41a: band-shaped portion
41b: channel
42: mandrel
43: prepreg
44: bagging film

Claims

1. A composite material structure manufacturing jig
used when manufacturing a composite material
structure by adhering prepreg to a framework struc-
ture including a frame component that includes a
channel extending along a longitudinal direction of
the frame component, the composite material struc-
ture manufacturing jig being inserted in the channel
of the frame component and used therein,

the composite material structure manufacturing
jig comprising a tubular body formed of an elastic
material containing a reinforcement fiber, the
body including a trapezoidal transverse section
that is a cross section orthogonal to a longitudi-
nal direction of the body, the trapezoidal trans-
verse section including an upper base and a low-
er base longer than the upper base, wherein
an inner surface of the body is coated with a gas
barrier layer.

2. The composite material structure manufacturing jig
according to claim 1, wherein
the gas barrier layer is a fluorocarbon resin film, a
polyether ether ketone (PEEK) film, a polyimide film,
a polyamide film, or a polyester film.

3. The composite material structure manufacturing jig
according to claim 2, wherein

the fluorocarbon resin film is a polytetrafluor-
oethylene (PTFE) film or a tetrafluoroethylene-
ethylene copolymer (FTFE) film,
the polyamide film is an aromatic polyamide film,
and
the polyester film is a polyethylene naphthalate
(PEN) film.

4. The composite material structure manufacturing jig
according to claim 1, comprising a reinforcement
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structure disposed inside the body, the reinforce-
ment structure suppressing deformation of the body
when the body is pressed from outside, wherein

the reinforcement structure has a shape extend-
ing along the longitudinal direction of the body,
and
the reinforcement structure is either divided into
pieces in the longitudinal direction, or provided
with a slit formed in a direction crossing the lon-
gitudinal direction.

5. The composite material structure manufacturing jig
according to claim 4, wherein

the reinforcement structure includes a lower-
base-side outer surface and an upper-base-side
outer surface, the upper-base-side outer sur-
face being positioned on an opposite side of the
reinforcement structure from the lower-base-
side outer surface, and in a state where the re-
inforcement structure is disposed inside the
body, the lower-base-side outer surface has a
width corresponding to an inner surface of the
lower base, and the upper-base-side outer sur-
face has a width corresponding to an inner sur-
face of the upper base, and
in a case where a distance between the inner
surface of the lower base and the inner surface
of the upper base is defined as an internal height
of the body and a distance between the lower-
base-side outer surface and the upper-base-
side outer surface of the reinforcement structure
is defined as an outer surface height of the re-
inforcement structure, the outer surface height
is less than the internal height such that, in a
state where the upper-base-side outer surface
is in contact with the inner surface of the upper
base, the lower-base-side outer surface is not
in contact with the inner surface of the lower
base, with a gap formed between the lower-
base-side outer surface and the inner surface
of the lower base.

6. A method of manufacturing the composite material
structure manufacturing jig according to claim 1, the
method using a mold and a core, the mold including
a cavity corresponding to the body, the core being
placed in the cavity and having a shape correspond-
ing to an internal space of the body,
the method comprising:

placing the core, the reinforcement fiber, and
the elastic material in the cavity such that the
reinforcement fiber and the elastic material are
disposed around the core, the reinforcement fib-
er either including a slit therein that extends
along the longitudinal direction of the body or

being sandwiched between pieces of the elastic
material;
placing a film on an outer peripheral surface of
the core such that the film is wound around the
outer peripheral surface of the core, the film
serving as a gas barrier layer;
heating and melting the elastic material to im-
pregnate the elastic material into the reinforce-
ment fiber to mold the body; and then
pulling out and removing the core from the body.

7. A method of manufacturing a composite material
structure in which a frame component including a
channel is used, the method comprising:

placing the frame component on an outer pe-
ripheral surface of a mold;
inserting the composite material structure man-
ufacturing jig according to claim 1 into the chan-
nel of the frame component;
laminating prepreg on the composite material
structure manufacturing jig and the frame com-
ponent; and
heating the prepreg to cure the prepreg.
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