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Bifurcation and Chaos Thresholds of Bistable
Piezoelectric Vibration Energy
Harvesting Systems

LI Hai-tao, QIN Wei-yang
(Department of Engineering Mechanics, Northwestern Polytechnical University,

Xi’ an 710072, P.R.China)

Abstract: Nonlinear dynamic performances such as homoclinic bifurcation and chaos were
modeled and analyzed for bistable nonlinear vibration energy harvesting systems. According to
bistability of the beam under axial loading, a model of the bistable nonlinear vibration energy
harvester was established. Based on the Melnikov theory, a qualitative method was proposed to
address homoclinic bifurcation of the bistable energy harvester under harmonic excitation, and
the criteria for homoclinic bifurcation and the high-energy solution were derived from the Melni-
kov function through parameter optimization. Numerical simulation shows that the singlewell-
to-doublewell transitions occur at the critical thresholds, which verifies the theoretical analysis.
Research on the Melnikov method for nonlinear energy harvesting systems promises effective

tools for the parametric design of high-performance energy harvesters.

Key words: bistable energy harvester; Melnikov function; homoclinic bifurcation
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