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Abstract : This paper presents an effect of microstructural parameters on the mechanical
properties in filament-wound unidirectional carbon-epoxy laminate. It is shown that there
exists big difference between theoretical prediction using mixture's rule and experimental
values in both of the failure strength and Young’s modulus. This is not only due to the
low volume fraction of fibers, but also particularly to the irregular dispersion of fibers
throughout the thickness of laminate. As a result, in case of sepcimen with V;=43%, the
experimental strength at failure shows about 4‘4% drop. Similar results are obtained in
small filament-wound pressure vessel which has been tested by hydroburst, It is also shown
that failure modes are strongly dependent on both the fiber volume fraction and the thickness
of test specimen.
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Table 1. Composition of Epoxy Resin and Carbon
Fiber Properties,

Epoxy Resin' Carbon Fiber®
T-300(12K) T-800(12K)
Araldite 6005(R) | Tensile
Strength 350 520
(kgf / mm?)
Hardner HY906(H) | Young's
Accelerator Modulus 235 300
DY602(D) (kgf / mm>x 10°)
Mixing Ratio Strain at failure(%) 15 18
(100(R)/80(H)/  |Density 177 180
2(D)) (g/cm?)

' CIBA—Geigy Resin System
? Torayca Co.

1821 T-3004 T-800 %
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Table 2. Mechanical Properties of Cured Epoxy Resin.

Strength, kg/ mm?® 4.6
Young’s modulus, x10? kg / mm? 3.4
Strain at failure, % 2.0
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Fig. 1. Effect of post cure on mechanical properties
of cured epoxy : a)no post cure, b-e) post
cure,
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Table 3. Mechanical Properties of Filament-Wound Unidirectional Carbon-Epoxy Composites.

Tensile Strength Young's Modulus Strain Fiber Void Fiber
No. (kg / mm?) x10° kg / mm® at failure volume content tvpe
Exper. Theor. Exper. Theor. % fraction % %
1 954 151 10.3 10.8 0.83 43 6.0 T—300
2 1155 170 110 114 1.02 49 58 T—300
3 149.2 196 13.7 14.1 1.13 56 5.2 T—300
4 175.3 250 11.5 124 1.55 48 59 T —800
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Table 4. Hydraulic Test Data of Filament-Wound
Pressure Vessel.

resin
squeeze-ouf_ Stacking Burst pressure psi V.o Void
sequence (kg / mm?X 10%) v content,%

(£24°)3/(90%)3 1900—2800 46% 7.2%

(261.6—385.5)
(£24°),/(90%), 24002800 46% 71%

(330.4-385.5)
e (£245),/(90°)} 5000 65% | 5%

(633.3)

Fig. 2. Irregular distribution of fiber during filament- 'Ref.10 : AS-4(carbon  fiber) / HBRF-55A(Poxy
winding process. resin)
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Fig. 3. Failure modes depending on the fiber volume
fraction and the thickness of specimen a) low
V¢(3.8mm), b)high V{(3.8mm), c)high V;
(1.3mm).
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