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Development of Direct Three-dimensional Shape Forming Technology of CFRTP
by Film Stacking Method
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ABSTRACT

Carbon fiber reinforced plastics greatly contribute
to weight reduction of vehicles, but their application
has been limited due to high manufacturing cost
together with the cost of materials. In order to make
this material widely available to motorcycles, we
developed a technology that makes it possible to
manufacture the parts at low cost by using carbon
fiber reinforced thermoplastic as a material. For the
molding, a manufacturing method was developed to
directly form a three-dimensional shape without using
prepregs while adopting a film stacking method in
which a stack of thermoplastic resin films and carbon
fiber woven fabrics is formed by hot pressing. When
this manufacturing method was applied, issues on
the exterior appearances of the part were revealed.
We successfully solved the issues by devising the
temperature settings and shapes of the molds and
realized a product without irregularities of fibers while
maintaining the required strength. The developed
manufacturing method was applied to the parts of the
CRF 450 Rally and the practicality of the method was
proved.
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Table 1 Comparison of base resins
PMMA PC PA6 PS ABS PVC
(Polymethyl (Poly- | (Polyamide 6) | (Polystyrene) | (Acrylonitrile [ (Polyvinyl
methacrylate) | carbonate) butadiene | chloride)
styrene)
Melting point (°C) 180 230 230 215 230 150

Heat deflection

temperature (°C) 68 129 67 80 87 54
Flexural strength
(MPa) 73 91 127 89 78 64
Tensile strength
(MPa) 48 78 78 38 43 42
Stretch at break (%) 2 40 25 5 10 2

Numbers shown in the table are typical ones.
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Fig. 3 Relationship between flexural strength and
molding temperature

Fig. 4 Cross-sectional view of test piece with good
impregnation condition of resin (TP processed
at 280°C)
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Fig. 5 Cross-sectional view of test piece with poor
impregnation condition of resin (TP processed
at 230°C)
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Fig. 7 Area on surface with direct fiber exposure
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Fig. 8 Schematic views of cross sections of die,
which show phenomena occurring while
upper die is descending

<0 BN % &, RMIE T S{5b > 7ziliE i
& o THHMENBIE A AR 5. ZOTFHETHREL 28N %
Fig. 10 1T F, SMEISHHED IR 0 OELIITEED 5
kv, 2z, JBIRIZH > TRO BOHFIRRZA-5THD,
TAEETHAHE AR DIAAZ L DIV A B L T3 &
Flrcx 5.
ZORE»E, ERIAERET « L 20BEGEIRTE 3
K OWREIZ, THRIEWHENOT G ABIEER/FEN S
EDOWEIZFRTET 5 T L2 & - T, HERED I ki
Wredz s L, B OREEE2 E35Z &8 TE .

4.4. AEREOER LM E

4.3. FiTR L 2 THRIC & > TRIE L 22805 O NER AL
DT, RO TP & RIBRICUIN LI O % 3 2 5 >
7. Fig. 112K OFHE 5 O Wi 2, Fig. 12 ISHEREER
Sy O &89, Fig. 12 1R &b k512, #5mic
&, BIEABMEROR E TRAAATHS, L L, i
WNIZKE LT EDRFMEL T DEELE b 5.

Zhug, BIEOBEE IER T ICE S HEME T L, M
DERDPTFICHBELIRETH 572128 b oS, ZT0
Farx Z2R@hCEILLE-DTHEEHELLENS. £7-

Upper die | Low temperature

m
Descent of die

Upper die | Low temperature:

m
Descent of die
Slide without
adhesion

¥l Carbon fabric

_Lower die

-Lower die
Highltemperaturel

Fig. 9 Phenomena assumed to be happening
between upper and lower molds while
processing by developed method

Fig. 10 Appearance of vertical wall side surface when

processed with developed method
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Fig. 11 Cross section of test piece at top flat part of
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Fig. 12 Cross section of test piece at vertical wall
part of product
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Fig. 14 Cross section of test piece for verification test
of developed method
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Fig. 16  Pressures in cavity to elapsed time with
developed method

Plane Flexural
angle Number strength Cross section
(degree) (MPa)
#1 313.60
0

#2 304.16
#1 305.62

88.55
#2 298.17

Fig. 17 Test results and cross sections of test pieces
sampled from horizontal and nearly vertical
walls
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Fig. 18 The CRF450 Rally

Fig. 19 Rear fender of the CRF450 made of CFRTP
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