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Research on Vibration Energy Harvesting and Deformation Sensing of Long Flexible

Piezoelectric Beam
CHANG Wenyan', WANG Hu', NTU Zhongrui', ZHANG Senrong', SONG Rujun', ZHANG Dan’, ZHANG Leian'

(1. School of Mechanical Engineering, Shandong University of Technology, Zibo, Shandong 255000, China;2. School of Electri-
cal and Electronic Engineering, Shandong University of Technology, Zibo, Shandong 255000, China)

Abstract: In order to explore the influencing factors of vibration energy harvesting of long flexible beam and reveal the energy har-
vesting principle and sensing mechanism of array piezoelectric device, this paper proposes a study on vibration energy harvesting
and deformation sensing of long flexible piezoelectric beam. This paper proposes an arrangement scheme for the piezoelectric de-
vice to use an array of piezoelectric sheets, which uses the piezoelectric effect to convert vibration energy into electrical energy. And
establishes a mathematical model of the deflection of long flexible beam through Gaussian numerical integration and spline interpo-
lation method based on the multi-point voltage measured by the excitation experiments for numerical simulation and analysis. The
results show that the resonant frequency of the array piezoelectric device is 19.6 Hz, the output voltage first increases and then de-
creases with the increase of the excitation frequency, and increases with the increase of the excitation acceleration. Moreover, among
the piezoelectric sheets I, II and III, the output open-circuit voltage of I near the root of the cantilever beam is the largest, and its
maximum output voltage under different excitation accelerations are 8.08 V, 6.59 V and 4.13 V respectively. Both the resonant fre-
quency decreases and the output voltage increases under the effect of mass block and magnetic force respectively. Under the influ-
ence of the mass block, the output voltage of I, II and Il increased by 31.19%, 25.95% and 52.7% respectively compared to the case
without mass block. Under the action of magnetic force, the maximum output voltage increased by 45.92%, 28.98% and 55.21% re-
spectively. When the acceleration is 2 m/s’, the experimental result of the deflection at the end of the long flexible piezoelectric beam
is 6.967 mm, the numerical simulation result is 6.964 mm, and the relative error is only 0.43%. And after the introduction of the mag-
netic force, the maximum relative error is 10.06%, which shows that the model can still guarantee the accuracy of the piezoelectric
sensing under the influence of external factors and the deformation sensing of the long flexible piezoelectric beam is realized.

Key words: long flexible piezoelectric beam;energy harvesting;sensing;deflection
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Fig. 1 Structure diagram of array piezoelectric device and physical drawing
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Table 1 Array piezoelectric device parameter table
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Fig.3 Resonant characteristics test of array plezoelectric device
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Table 2 Output voltage under different excitation accelerations
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Fig. 4 The voltage-frequency characteristic curves and the voltage response at the reso -
nant frequency under different excitation accelerations
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Fig.6 Voltage—frequency characteristic curves under different magnetic distances
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Fig.8 Relative error of deflection of long flexible beam
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