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Fig.4 The magnetic force model
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Fig. 14 Prototype structure diagram
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Fig. 15 Experimental phase and time-voltage diagrams of
composed beam 1 and composed beam 2 at different

excitation frequencies
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Fig. 16 Experimental phase and time-voltage diagrams of

composed beam 1 and composed beam 2 at different

excitation amplitudes when f=14.5 Hz
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Vibration performance analysis of magnetic coupling array piezoelectric
energy harvester

ZHANG Xu-hui'®, ZHU Fu-lin', PAN Jia-nan', CHEN Xiao-yu', GUO Yan',
XU Heng-tao', TIAN Hao'
(1.College of Mechanical Engineering, Xi’an University of Science and Technology, Xi’an 710054, China;
2.Shaanxi Key Laboratory of Mine Electromechanical Equipment Intelligent Monitoring, Xi’an 710054, China)

Abstract: Vibration energy harvesting technology is expected to solve the problem of self-powered wireless sensor nodes. By intro-
ducing nonlinear magnetic force, a magnetic coupling array piezoelectric energy harvester (MA-PEH) is designed in this paper.
The nonlinear magnetic force model is established based on magnetic dipole method. The restoring force model of composite beam
is obtained by finite element method. According to Newton’s second law and Kirchhoff’s law, the dynamic model of the system is
established. The influence of excitation amplitude and excitation frequency on dynamic response is analyzed by simulation and veri-
fied by experiment. The results show that under the action of nonlinear magnetic force, the system appears chaos and periodic mo-
tion between wells near the resonant frequency, which can help to broaden the working frequency band of the energy harvester. As
the excitation frequency changes, each composite beam always maintains the same motion state. When the system is in a periodic
motion state between wells, only one type of beam is in a high-energy output state. When the excitation frequency is near the reso-
nant frequency of the two beams, increasing the excitation amplitude will lead to the boosting of the output of one type of beam,
while the output of the other type of beam will be suppressed. The research provides theoretical guidance for the design of array

piezoelectric energy harvesters and new research ideas for improving the output performance of piezoelectric energy harvesters.

Key words: piezoelectric energy harvester;nonlinearity ;dynamic response ; magnetic coupling ; array
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