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Abstract — Fatigue behavior of polymeric materials used for structural components is very important to investigate long term
reliability for engineering applications. And, it is closely related to nonlinear dynamic viscoelasticity. In this study, fatigue
tester which enabled continuous and quantitative measurement of nonlinear dynamic viscoelastic functions was developed.
And, the evaluation method of nonlinear dynamic viscoelasticity for polymeric materials during fatigue process was proposed
on the basis of nonlinear viscoelastic parameter (NVP) evaluated from the magnitude of higher harmonics of Fourier ex-
panded stress signal. Also, using the oriented high-density polyethylene (HDPE) as specimen, the effect of NVP on fatigue
behavior was studied. As a result, fatigue strength of the oriented HDPE decreased with an increase in NVP. Therefore, it
was confirmed that NVP can be used as an index of fatigue lifetime or fatigue strength for polymeric solids. And also, in the
case of tension-tension type fatigue test, the magnitude of 2nd-order harmonics of Fourier series was greater than the other
higher-order harmonics, and the 2nd-order harmonics was the greatest contribution to NVP.
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Fig. 1. Imposed strain variables for three types of fatigue test: (a)
tension type, (b) tension-compression type, and (¢) com-
pression type.
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Fig. 2. Typical behaviors of variations of dynamic storage modulus,
E', mechanical loss tangent, tand, and surface temperature, Ts
with fatigue time for (a) brittle failure and (b) thermal failure.
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Fig. 3. Blockdiagram of fatigue tester for investigation of nonlinear
dynamic viscoelastic properties under cyclic fatigue.
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Fig. 4. Schematic representation of nonlinear dynamic viscoelastic
response under constant sinusoidal strain amplitude. The chain
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damental stress wave (3), respectively.
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Fig. 5. Variations of NVP for the oriented HDPE with time during
the fatigue process at the various dynamic imposed strain am-
plitudes.
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Fig. 7. Time dependence of higher-order harmonics of stress signal
for the oriented HDPE during the fatigue process at the im-

posed dynamic strain amplitude of 2.0, 3.0, and 4.0%.
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