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Fig.1 Schematic of the QPEH
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Fig. 2 Magnetic force model of the QPEH
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Fig.10 Experiment system and the results of the magnetic force
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Fig.11 Prototype of the QPEH and its experimental system
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Fig.12 Comparisons between the experiments and simula-

tions for bistable motion of the QPEH
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tions for quad-stable motion of the QPEH
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Nonlinear dynamic characteristics and experimental validation of a

multi-stable piezoelectric vibration energy harvester

TAN Jiangping, WANG Guang-qing, JU Yang, LI Ying, ZHAO Ze-xiang
(School of Information and Electronic Engineering, Zhejiang Gongshang Univeristy, Hangzhou 310018, China)

Abstract: In order to improve the output performances of the bi-stable piezoelectric vibration energy harvester (BPEH) , a multi-

stable piezoelectric vibration energy harvester formed by the magneto mechanical piezoelectric coupling effect is proposed. By intro-

ducing a pair of external magnets into the BPEH, a quad-stable piezoelectric vibration energy harvester (QPEH) is developed. The

nonlinear magnetic force and potential energy of the energy harvester is firstly derived based on the magnetic dipole theory, and

then the nonlinear dynamic model of the proposed harvester is derived based on the Hamilton principle and the Raleigh-Ritz meth-

od. Some simulations are performed to reveal the effect mechanisms of the system parameters on the nonlinear magnetic force and

the dynamic characteristics of the energy harvester. A prototype of the QPEH is manufactured and the experimental system is set-

up. The experimental results are well agreeable with the simulation results, which testified the proposed dynamic model is correct.

The results show that the QPEH oscillating into a quad-stable motion generates wider bandwidth and higher output performance

than those of it oscillating into a bi-stable motion.

Key words: electromechanical dynamics ; multi-stable piezoelectric energy harvester;nonlinear magnetic force
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