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Multi-Scale Analysis of Piezoelectric Energy
Harvesters With Magnetic Oscillators
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Abstract . A piezoelectric energy harvester with a magnetic oscillator was studied. The dynamic
equation was derived via introduction of coordinate transform based on the equilibrium configu-
ration. The Taylor series expansion method was employed to deal with the nonlinear function of
the magnetic force. The multi-scale method was applied to obtain the steady-state periodic solu-
tions of the system. The solvability condition and the amplitude-frequency relationship were de-
rived through elimination of the secular terms. Then the Runge-Kutta method was used to nu-
merically calculate the system’s forced vibration time history and give the amplitude-frequency
response characteristics and instability boundary of the Ist 2 primary resonance cases. The re-
sults show that the multi-scale analysis yields uniformly valid solutions of high accuracy, and
provides a theoretic base for the optimal design of piezoelectric energy harvesters with magnetic

oscillators.

Key words: forced vibration; nonlinearity; multi-scale method; energy harvesting
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