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Cost Evaluation of Fiber Reinforced Thermoplastics for Mass Produced Cars
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The utilization of plastic materials in automotive products is increasing because of environmental requirement on the automotive
industry to produce light weight fuel efficient cars. Fiber Reinforced Plastics (FRP) have superior advantages of high-specific
strength and high-specific modulus. For automotive products, however, FRP are not really used for mass-produced cars well due to
its high cost. The utilization of FRP in automotive applications requires specific focus on manufacturing and cost constraints. High
speed continuous Fiber Reinforced Thermoplastics (FRTP) process using electromagnetic induction heating system in combination
with Non-woven Stitched Multi-axial Cloth (NSMC) was developed. This system can reduce production cycle times and the cost of
manufacturing composite applications. This study presents the cost evaluation of FRTP manufactured by the high speed compression
molding process. The evaluation takes into a count the material cost and the production cost. The cost of FRTP was compared with
the costs of FRP made from prepreg and GMT.

Key words : fiber reinforced plastics, cost evaluation, thermoplastic resin, non-woven stitched multi-axial cloth (NSMC),
electromagnetic induction heating
F—J—F : R BIIE A SRR, = X NEEm, BARTEEMERINR, RG22 E 2 dh s o A(NSMC), SERETESINEL

B PE H B EL ) HE SR LB AT MR R B S AR D = A R R

H A, fEAS R, Al g

1.IEZC®HIZ

HEIHERICBW T, (LAREIORSBIES CO,
2 & B HERIRBEAC S 2 i3~ 5 7o DI, &IE
B O AR LB LEAR R EZEZ HINLTED,
EREL DRBIEILAN LD > TV D Y. BRI HET R LG
FHE-A 1 BH(Fiber Reinforced Plastics: FRP)I i bk
B2, R & D BN T B R A R D & R A
B2 FRPICE &2 5 Z L IZ K 2 iR oR A3 1
SN TWA. FRPIFMHEE ~ N Y v 7 2R T
FRENTHEY, WHEOREECRE, BiFOFEEICL -
ThRA B ER D 0, FEE T IAFLH 22 B RF

PE, BGEREE RO, 7, RIEFEOBENCEY
B RAE L o 2 R R E S B0, HiME, HHE,
R 715 % U8R E L RAICIE 35 2 & A3k
Lohb.
INETHBHEICHONONTEZFRPHMEE LT
I B & Ak ME 5 AL B8R 2k 2 & B4 B} (Carbon Fiber
Reinforced Plastics: CFRP) & 4 7 A fllie s AL 46t 55
A4 EHGlass Fiber Reinforced Plastics: GFRP)7: &
%. CFRP [XfRFMAED S ELIREE, SEHEIME L VD
FrHEIER LT, FRP O TH, b I,
PEAYE <, MIZERE 72 & DA I Z < b d.

* Department of Biomedical Engineering, Doshisha University, Kyoto
TEL&FAX: +81-774-65-6408, E-mail: ktanaka@mail.doshisha.ac.jp

**  E-mail: dmi0124@mail4.doshisha.ac.jp
***  E-mail: tkatayam@mail.doshisha.ac.jp

(13)



172 HH A -

LovL, HEESE CIE2 X RAEWE W [ED
b —EDEmBEDINA L N T A T % 7 F~Off
Hlick EEo>Tn%. CFRP OkIEHIEE LTix”
V7V TN TA—= N7 =TI XV T 5 F
ERERTHY, v Y v 7 ARIRIIETT Y 7L
TGN, I EOBEN S EIZ TR F VB
EOBGELYEREMEH S TWb. Lo LEER
ZiE, mUAME, VYA o, ERENER EICER
TEEANRAMERIIE A VWA Z R L TWH EE XD
n5s.

GFRP %, CFRP {2t R T A M AME < EFEH B
TEHL VWL TWD., ZOHMEM & LCTiTER
7= A& JE M & Ff > GMT(Glass
Thermoplastics)73 % < AV B TWS. LarL, GMT
K VRIE LTe T T ARRHMETRAL BN FT B MRS iR BSR4
#t(Glass Fiber Reinforced Thermoplastics: GFRTP)IZ 4
T AREHE DS AHEREMEHE & 72> TV D T2 DIT, FRigE,
FERIEDS EEERHE <, & 0 BT B R PE & 5D
GFRTP % #iE4 5121%, 7 Az A s 2
EREFELNEEZLND.

HGERME 2 F U T2 ZAAT SRS FEAE S A B
M, B U AN, VYA 7 Ao S THEERME S
LTENDEEZDND. L, BRI
BEALMER G & Fe A~ CTESRIORE B2 23 & < ABHIE O RIHE~

Mat reinforced

Table 1. Properties of reinforcement fibers®.
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Tensile strength

Tensile modulus

Specific gravity Material cost

(GPa) (GPa) (yen/kg)
Carbon fiber (CF) 6.2 310 18 9000
(12K24t) 4.2 240 1.8 3500
Glass fiber (GF) 3.4 755 2.5 200
Table 2. Properties of matrix resins®.
Bending strength Bending modulus Specific gravity Material cost
(MPa) (MPa) (yen/kg)
Epoxy (EP) 125 2840 1.15 1000
Polyamide 6 (PA6) 123 2500 1.14 500
Polypropylene (PP) 36 1300 0.9 100
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Table 3. Cost of semi product.
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Fabrication Semi products

(a) Fabrication of semi products.
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——Mold
Molding

(b) Molding process.
Fig.1. Manufacturing process of FRP.

Cost of semi-product Prepleg (GF/EP) 5000
(yen/m?) NSMC (CF/PA6) 1840
NSMC (GF/PAB) 590
NSMC (GF/PP) 200
Cost of semi-product GMT (GF/PP) 500
(yen/kg)
Table 4. Condition values of cost evaluation.
Working times (s) Prepleg 7200
NSMC(CF/PAB) 320
NSMC(GF/PAG) 320
NSMC(GF/PP) 280
GMT 60
Employment cost (yen/h) 1250
Mold cost (yen) 6000000
Number of molding times of one mold 230000
(times)
Molding system cost (yen) 50000000
Number of molding capacity of one system 900000
(times)
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Fig. 4. Fabricating process of GMT.
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(b) Schematic drawing of IH system.

Fig. 5. Mould and schematic drawing of IH system.
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Fig. 6. Temperature history of mould surface.
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Fig. 7. Cost of semi-product using carbon fiber.
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Fig. 8. Cost of semi-product using glass fiber.
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Fig. 9. Cost of the molded part using carbon fiber.
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Fig. 10. Cost of the molded part using glass fiber.
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Fig. 12. Cost of molded part per specific strength.
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