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Structure Design and Characteristic Analysis of Nonlinear Double-end
Fixed Trapezoidal Beam Piezoelectric Energy Harvester

GAO Shigiao' YAN Li' JIN Lei' ZHANG Xiyang' ZHANG Guangyi’
(1. State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China
2. Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences, Ningbo 315201, China)

Abstract: A kind of nonlinear double-end fixed trapezoidal beam piezoelectric energy harvester ( PEH)
was designed to collect the vibration energy in the environment, piezoelectric energy harvester can
transform vibration energy to electricity to supply for miniature electronic components. The vibration
frequency of vibration sources was mostly below 100 Hz in natural environment, in order to reduce the
resonant frequency, widen bandwidth and improve output performance of the piezoelectric energy
harvester, the non-contact magnetic force was introduced. On the basis of theoretical analysis, Matlab/
Simulink simulation model was established and experiment was carried out to compare the resonant
frequency, bandwidth and output performance of linear and nonlinear double-end fixed trapezoidal beam
piezoelectric energy harvester. Meanwhile, the response of output performance when three parameters
(the space d between fixed magnet and mass block magnet, external load resistance R and the external
excitation acceleration @) change was studied. The resulis of simulation and experiment showed that the
introduction of non-contact magnetic force can reduce the resonant frequency of the piezoelectric energy
harvester by 9 Hz, widen its bandwidth by 20% and increase its output power by 7. 5% .
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Fig.1 Linear double-end fixed trapezoidal beam PEH
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i% O ey
)
(PPN
" 0/C
9. ‘

PR L

17 i

o

(.

R &t ali=i

IR -
]

P 7 Al e X ] S A6 T 7% v 47 BB i 7 AR Y

Fig.7 Simulation model of nonlinear double-end fixed trapezoidal beam PEH
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Fig.9 Variation curves of output power with frequency

at different spaces between magnets
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at different excitation accelerations
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Fig. 19 Variation curve of output power with load
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Variation curves of output power with frequency

at different excitation accelerations
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