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Abstract : The object of this study was to investigate the fatigue behaviors of angle-ply
composites, Filament-wound specimens were fabricated using a epoxy resin with carbon
and kevlar fibers wound at the angle, +37° and 353°, and tested in uniaxial tensile fatigue
with 2 types of loading : sinusoidal and spike waveform, The hysteresis loop changes were
examined. Contrary to the autoclaved-laminate, a cyclic stable state was never reached
in this class of materials due to the presence of manufacturing induced defects, The cyclic
loading modes indicated significant effects on the fatigue lifetime, fatigue induced creep
curve, and temperature change depending on the orientation of fibers and material systems.
During fatigue tests damage development was monitored by surface replica and Zinc iodide
(Znl,)enhanced X-radiography, and fractured surfaces were studied using a scanning electron
microscope (SEM). The failure processes in the two loading modes and fiber orientations
were significantly different,
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Table 1. Materials

Matrix Mixing Ratio Reinforcement
Resin : Shell Epon 826 Epoxy 100 Carbon fiber
(Diglycidyl Ether Bisphenol A) (Thornel 300, 12K)
Hardner : TONOX 6040 30 Kevlar-49 (Dupont)
{60 % MDA (4,4'-Methylenedianiline)
+ 40 % MPDA (m-Phenylenediamine) }
Diluent : RD-2(1,4-Butanediol Diglycidyl Ether 25
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Fig. 1. Two types of fatigue loading, A) sinusoidal,
B) spike waveform.
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Fig. 2. Typical stress-strain curves of filament-wound
composites :
A, carbon / epoxy : B, kevlar/epoxy.
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Table 2. Mechanical Properties

Carbon / Epoxy Kevlar / Epoxy
Property
. (0°) (£37°)s (£53°)s (0°)w (£37°)e (£53°)¢

Tensile Strength (MPa) 1,068 197 1,141 154 314
Young’s Modulus(GPa) 112 21.5 715 8.01 48
Failure Strain( %)

Longitudinal 0.95 0.96 1.55 1.64 3.2

Transverse 0.305 0.33 0.61 0.85 2.2
Poisson’s Ratio 0.33 0.43 0.40 0.48 0.68

(@)  x320

(b) %80

Fig. 3. Scanning electron micrograph showing micro-voids in filament-wound composites,
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Fig. 4. Example of fatigue response of filament-wound
graphite/epoxy specimen,
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Table 3. Fatigue Life Data

Number of Cycles at Failure

Loading Mode Carbon/Epoxy Kevlar / Epoxy
(£37°)s (£53°)s (£37°)¢

Sinusoidal 5537 3100 3023

Spike 3421 2418 1300
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