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Abstract: A time-dependent reliability evaluation method is proposed to predict the failure life of
harmonic drive precisely. Considering the dynamic contact interference, a transient dynamic finite
element model of harmonic drive is established to solve dynamic stress at the critical position of
flexspline in harmonic drive. The accelerated life tests of harmonic drive are conducted, and
degradation parameters are identified by failure life samples via maximum likelihood estimation.
Combined with residual strength model, stochastic perturbation method and Edgeworth series,
the time-dependent reliability evaluation method of harmonic drive is proposed. Taking the XB-60
harmonic drive as a case study, both finite element analysis and failure life samples show that the
critical position of stress concentration is at the tooth root of rear section of gear ring in

flexspline. Compared with the time-dependent reliability methods with equivalent circular-shell
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static stress or empirical degradation parameters, the proposed time-dependent reliability

evaluation method with transient finite element and accelerated life test has the smallest

prediction error of failure life, and this method can be applied to the time-dependent reliability

evaluation of harmonic drive under different loads by adding adjustment factor.

Keywords: harmonic drive; time-dependent reliability; transient finite element; strength

degradation; accelerated life test
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