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(57) ABSTRACT 

A ?ber-reinforced composite member having at least one 
projection is formed by (a) disposing a preform 1 made of 
a ?ber-reinforced composite material on a forming plate 4; 
(b) placing a shape-retention means 2 composed of a plu 
rality of soft unit members 21, 22 adjacent to each projection 
12 of the preform 1; (c) completely covering the preform 1 
and the shape-retention means 2 With a bagging ?lm 5 
having a sealant 6 attached to a periphery thereof; (d) 
adhering the sealant 6 to the forming plate 4 such that the 
preform 1 and the shape-retention means 2 are completely 
sealed by the bagging ?lm 5; (e) evacuating the inside of the 
bagging ?lm 5; and heating the preform 1 under pressure 
to form a ?ber-reinforced composite member. 
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FIG. 1 
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FIG. 4 3 
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METHOD FOR FORMING FIBER-REINFORCED 
COMPOSITE MEMBER 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a method for 
forming a ?ber-reinforced composite member, particularly 
to a method for forming ?ber-reinforced composite mem 
bers having various shapes by using reusable shape-reten 
tion auxiliary members. 

[0002] Because ?ber-reinforced composite materials com 
posed of reinforcing ?bers impregnated With thermosetting 
or thermoplastic resins are light in Weight and have high 
strength, they are Widely used for various structural parts of 
vehicles, vessels, aircraft, etc. 

[0003] The ?ber-reinforced composite member is usually 
formed from a plurality of prepregs each constituted by a 
fabric of reinforcing ?bers impregnated With thermosetting 
or thermoplastic resins, and laminated on a forming plate of 
a predetermined shape to form a preform, Which is then 
compressed into a ?ber-reinforced composite member of a 
predetermined shape While heating. Though a pressuring 
bag ?lm or bagging ?lm is used at the time of heating of the 
preform under pressure, the preform is likely to be deformed 
due to ?uidiZation of the resin in the preform during a 
forming process if the preform has a complex outer shape, 
resulting in unsatisfactory dimensional accuracy in the 
formed ?ber-reinforced composite member. Accordingly, 
shape-retention means made of a silicone rubber, etc. have 
conventionally been placed adjacent to projections of the 
preform to prevent the deformation of the preform, thereby 
seeking to improve the dimensional accuracy of the formed 
?ber-reinforced composite member. 

[0004] FIGS. 4 and 5 shoW an eXample of conventional 
methods for forming a ?ber-reinforced composite member 
by using a shape-retention means. A preform 1 of a ?ber 
reinforced composite material disposed on a forming plate 4 
is composed of a ?at portion 11 and a plurality of rib portions 
12, 12‘. The shape-retention means 3 has a complementary 
shape to the preform 1, having recesses 31, 31‘ for receiving 
the rib portions 12, 12‘ on a loWer surface thereof. As is 
shoWn in FIG. 5, after ?tting the shape-retention means 3 to 
the preform 1, the preform 1 and the shape-retention means 
3 are completely covered by a bagging ?lm 5, and a sealant 
6 provided on a periphery of the bagging ?lm 5 is adhered 
to the forming plate 4. After evacuating the inside of the 
bagging ?lm 5 via an air-suction opening 7 thereof, the 
preform 1 and the shape-retention means 3 completely 
covered by the ?lm 5 are heated under pressure to form a 
?ber-reinforced composite member. 

[0005] It is necessary in the above conventional method to 
provide an integral shape-retention means 3 having a com 
pletely complementary shape to that of the preform 1, 
requiring a lot of time and steps for forming such shape 
retention means 3. Also, the shape-retention means 3 made 
of a silicone rubber shrinks during the formation process of 
the ?ber-reinforced composite material because of a forming 
pressure and a chemical reaction of the silicone rubber With 
an epoXy resin in the preform 1. As a result, as shoWn in 
FIG. 6, the recesses 31, 31‘ of the once used shape-retention 
means 3 are out of alignment With the rib portions 12, 12‘ of 
the preform 1, making it impossible to use the shape 
retention means 3 repeatedly. Further, because an integral 
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shape-retention means 3 should be formed in conformity 
With each preform 1 of a particular shape, a shape-retention 
means 3 for one preform 1 cannot be used for another 
preform 1. 

OBJECT AND SUMMARY OF THE INVENTION 

[0006] Accordingly, an object of the present invention is to 
provide a method for efficiently forming a ?ber-reinforced 
composite member by using a shape-retention means Which 
is repeatedly reusable and adapted to any preforms of 
different shapes. 

[0007] As a result of intense research in vieW of the above 
object, the inventors have found that by using a shape 
retention means composed of a proper combination of soft 
unit members depending on the outer shape of a preform for 
a ?ber-reinforced composite member, the ?ber-reinforced 
composite member can be formed easily at a loW cost. The 
present invention has been completed based on this ?nding. 

[0008] Thus, the method for forming a ?ber-reinforced 
composite member according to the present invention com 
prises the steps of (a) placing a shape-retention means 
adjacent to at least one projection of a preform made of a 
?ber-reinforced composite material; (b) completely sealing 
the preform and the shape-retention means With a bagging 
?lm; and (c) forming the preform into a ?ber-reinforced 
composite member by heating under pressure, the shape 
retention means being composed of a plurality of soft unit 
members. 

[0009] Though not restrictive, the shape-retention means 
is preferably composed of a plurality of units having simple 
cross-sectional shapes such as a triangular prism, a rectan 
gular parallelepiped, a ?at plate, etc., Which may be obtained 
by dividing an integral shape-retention means covering an 
entire surface of the preform. More preferably, the units are 
in a shape having a cross section constituted by curves 
having no acute angles of 90° or less. With simple shapes, 
the assembled shape-retention means provide a gradually 
changing contour, avoiding eXcess load from applying to a 
bagging ?lm. Considering the easiness of handling, hoW 
ever, the shape-retention means may partially have slight 
projections or recesses. 

[0010] In a preferred embodiment of the present invention, 
the method for forming a ?ber-reinforced composite mem 
ber comprises the steps of (a) disposing a preform made of 
a ?ber-reinforced composite material and having at least one 
projection on a forming plate; (b) placing a shape-retention 
means composed of a plurality of soft unit members adjacent 
to each projection of the preform; (c) completely covering 
the preform and the shape-retention means With a bagging 
?lm having a sealant attached to a periphery thereof; (d) 
adhering the sealant to the forming plate such that the 
preform and the shape-retention means are completely 
sealed by the bagging ?lm; (e) evacuating the inside of the 
bagging ?lm; and heating the preform under pressure to 
form it into a ?ber-reinforced composite member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a cross-sectional vieW shoWing a plurality 
of soft unit members to be placed on a preform of a 
?ber-reinforced composite material according to one 
embodiment of the present invention; 
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[0012] FIG. 2 is a cross-sectional vieW showing the bag 
ging of the preform and the shape-retention means consti 
tuted by a plurality of soft unit members placed on the 
preform; 

[0013] FIG. 3 is a cross-sectional vieW showing the used 
soft unit members Which have slight shrinkage; 

[0014] FIG. 4 is a cross-sectional vieW shoWing a con 
ventional shape-retention means to be combined With the 
preform; 

[0015] FIG. 5 is a cross-sectional vieW shoWing the bag 
ging of the preform and the conventional shape-retention 
means; and 

[0016] FIG. 6 is a cross-sectional vieW shoWing the used 
conventional shape-retention means Which are subjected to 
shrinkage, Whereby the recesses of the shape-retention 
means are out of alignment With the projections of the 
preform. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0017] The method for forming a ?ber-reinforced com 
posite member according to the preferred embodiments of 
the present invention Will be explained in detail referring to 
FIGS. 1-3 attached hereto, Without intention to restrict the 
present invention thereto. 

[0018] FIG. 1 is a cross-sectional vieW shoWing a shape 
retention means 2 composed of a plurality of soft unit 
members Which are to be combined With a preform. The 
preform 1 of a ?ber-reinforced composite material disposed 
on a forming plate 4 comprises a ?at portion 11 and tWo rib 
portions 12, 12‘. 

[0019] The shape-retention means 2 is composed of a 
plurality of soft unit members each having a simple shape, 
and assembled soft unit members provide a gradually chang 
ing contour over the outer surface of the preform 1. The soft 
unit members preferably have cross-sectional shapes such as 
a triangle, a rectangle, etc. 

[0020] In this embodiment, the shape-retention means 2 is 
composed of triangular soft unit members 21 to be placed on 
both sides of each rib portion 12, 12‘ of the preform 1 and 
?at soft unit members 22, 22‘, 22“ to be placed on the ?at 
portion 11 of the preform 1. As shoWn in FIG. 2, When the 
shape-retention means 2 composed of soft unit members 21, 
22, 22‘, 22“ is placed on the preform 1, the preform 1 is 
provided With a gradually changing contour, thereby pre 
venting each rib portion 12, 12‘ from being subjected to a 
deforming stress While pressing. Even a preform 1 having an 
irregular outer surface can be provided With gradually 
changing contour by covering it With various soft unit 
members of different siZes having the same or different 
shapes. 

[0021] The preform 1 of a ?ber-reinforced composite 
material may be formed by laminating a plurality of 
prepregs of reinforcing ?bers such as carbon ?bers, glass 
?bers, aramide ?bers, etc. impregnated With thermosetting 
or thermoplastic resins, the prepregs being half-cured or 
fused if necessary. The preferred thermosetting resins are 
epoXy resins, and the preferred thermoplastic resins are 
nylons. 
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[0022] Each soft unit member constituting the shape 
retention means 2 is preferably made of a soft, heat-resistant 
elastomer With good releasability, particularly made of a 
silicone rubber. Pressure is uniformly eXerted onto the entire 
surface of the preform 1 via the shape-retention means 2, 
making it possible to carry out the formation of the ?ber 
reinforced composite member Without deformation. In the 
case of a preform 1 With curved surfaces, plate-shaped soft 
unit members may be placed and curved along the curved 
surfaces of the preform 1. In this case, the plate-shaped soft 
unit members are preferably as thick as 10 mm or less. 

[0023] The preform 1 may be constituted by a plurality of 
separate parts such as the ?at portion 11 and the rib portions 
12, 12‘. In this case, it is preferable that the parts of the 
preform 1 are slightly ?Xed or adhered to each other in 
advance to secure the dimensional accuracy of the resultant 
?ber-reinforced composite member. The soft unit members 
of the shape-retention means may also be slightly ?Xed or 
adhered to the preform 1 in advance. 

[0024] As is shoWn in FIG. 2, after covering the preform 
1 With the shape-retention means 2, a bagging ?lm 5 is 
disposed on the shape-retention means 2 and the preform 1 
such that the bagging ?lm 5 completely covers them. The 
bagging ?lm 5 is sealed by adhering a sealant tape 6, etc. 
attached to a periphery of the bagging ?lm 5 to the forming 
plate 4. After evacuating the inside of the bagging ?lm 5 via 
an air-suction tube 7 provided onto the bagging ?lm 5, the 
preform 1 is heated under pressure. As a result, the thermo 
setting or thermoplastic resin in the ?ber-reinforced com 
posite material is ?uidized, thereby making the ?ber-rein 
forced composite material integral to provide an integral 
?ber-reinforced composite member. The heating tempera 
ture is preferably Within 180-250° C. in general, though it 
may vary depending on the types of thermosetting or ther 
moplastic resins used. 

[0025] The bagging ?lm 5 preferably has a heat resistance 
of 180° C. or higher When the prepreg contains a thermo 
setting resin, and 250° C. or higher When the prepreg 
contains a thermoplastic resin. Speci?cally, the bagging ?lm 
5 may be a ?lm of nylon, polyimide, etc. The bagging ?lm 
5 preferably has a thickness of about 50-75 pm. 

[0026] As shoWn in FIG. 3, heating under pressure causes 
each soft unit member made of a silicone rubber, etc. to 
slightly shrink. Since the shape-retention means 2 is com 
posed of a plurality of soft unit members, hoWever, suf?cient 
alignment can be achieved betWeen the used soft unit 
members and the preform 1, though there is shrinkage in 
individual used soft unit members placed on the surface of 
the preform 1. Though there arise some gaps betWeen 
adjacent used soft unit members placed on the preform 1, 
such gaps do not pose any problems in making the forming 
pressure uniform. It is noted from FIG. 3 that the portions 
of the preform 1 vulnerable to deformation, such as rib 
portions 12, 12‘, are fully protected by the soft unit members. 

[0027] Though the method for forming a ?ber-reinforced 
composite member according to the present invention has 
been eXplained referring to the attached draWings, the 
present invention is not restricted thereto, and any variations 
and modi?cations are possible unless the scope and spirit of 
the present invention are changed. 

[0028] As described in detail above, because the shape 
retention means is composed of a plurality of soft unit 
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members of various sizes and shapes, any shapes of pre 
forms of ?ber-reinforced composite materials can be cov 
ered by the shape-retention means by properly combining 
the soft unit members. Because the soft unit members of 
simple shapes per se can be produced easily, the production 
cost of the shape-retention means is also drastically reduced, 
thereby making it possible to form a ?ber-reinforced com 
posite member at a loW cost. 

What is claimed is: 
1. A method for forming a ?ber-reinforced composite 

member comprising the steps of (a) placing a shape-reten 
tion means adjacent to at least one projection of a preform 
made of a ?ber-reinforced composite material; (b) com 
pletely sealing said preform and said shape-retention means 
With a bagging ?lm; and (c) forming said preform into a 
?ber-reinforced composite member by heating under pres 
sure, said shape-retention means being composed of a plu 
rality of soft unit members. 

2. The method for forming a ?ber-reinforced composite 
member according to claim 1, Wherein said soft unit member 
is made of a silicone rubber. 

3. The method for forming a ?ber-reinforced composite 
member according to claim 1, Wherein parts of said preform 
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are slightly ?xed to each other, and/or said shape-retention 
means is slightly ?xed to said preform before heating under 
pressure. 

4. The method for forming a ?ber-reinforced composite 
member according to claim 1, Wherein said preform and said 
shape-retention means sealed in said bagging ?lm are heated 
While evacuating the inside of said bagging ?lm. 

5. A method for forming a ?ber-reinforced composite 
member having at least one projection comprising the steps 
of (a) disposing a preform made of a ?ber-reinforced com 
posite material on a forming plate; (b) placing a shape 
retention means composed of a plurality of soft unit mem 
bers adjacent to each projection of said preform; (c) 
completely covering said preform and said shape-retention 
means With a bagging ?lm having a sealant attached to a 
periphery thereof; (d) adhering said sealant to said forming 
plate such that said preform and said shape-retention means 
are completely sealed by said bagging ?lm; (e) evacuating 
the inside of said bagging ?lm; and heating said preform 
under pressure to form a ?ber-reinforced composite mem 
ber. 


