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Abstract  Vibration energy harvesting technology can convert the vibration energy of equipment working conditions
into electrical energy, which provides a new idea for realizing self-powered wireless monitoring nodes in coal mines. In
this paper, we design a linear-arch composed beam tri-stable piezoelectric energy harvester by introducing nonlinear

magnetic force, and analyse the influence of the horizontal distance, vertical distance and excitation acceleration on

2021-08-15 Wik, 2021-10-20 3%, 2021-10-21 MR K K.
1) H K ARRHEREG E T H (51974228).
2) SRR, 2%, B TT ) #eZ) REEAF IR, E-mail: zhangxh@xust.edu.cn
SIRMRR: KB, BREPH, BRET, BAM, Rk, 3. LR-HOBA a2 RSk iR REas sl 1 e bEE g, J12eoiaR, 2021,
53(11): 2996-3006

Zhang Xuhui, Chen Luyang, Chen Xiaoyu, Xu Dongmei, Zhu Fulin, Guo Yan. Research on dynamics characteristics of linear-arch

composed beam tri-stable piezoelectric energy harvester. Chinese Journal of Theoretical and Applied Mechanics, 2021, 53(11): 2996~
3006



https://doi.org/10.6052/0459-1879-21-392

8o FRAOHESE: 2B PR AL A R =R s A A7 RERR B ) SR PERT 5T 2997

dynamic characteristics. The nonlinear magnetic force model is established by the magnetic dipole method, the
nonlinear restoring force of the linear-arch composed beam is measured experimentally, and the restoring force model is
obtained by polynomial fitting. The dynamic model of the system is established based on Euler-Bernoulli beam theory
and Lagrange’s equations. From the perspective of time domain, we analyse the influence of the horizontal distance,
vertical distance of the magnets, and excitation acceleration on the dynamic characteristics of the system. A prototype of
a linear-arch composed beam tri-stable piezoelectric energy harvester was fabricated, and an experimental platform was
built for experimental research, by collecting the response speed data at the end of the composite beam after being
excited, the speed-displacement data at the end of the composite beam was obtained, which verified the correctness of
the theoretical simulation. The results show that the introduction of a nonlinear magnetic field can make the potential of
the system have single potential well, double potential well or triple potential well. When we keep the excitation is
constant, adjusting the horizontal and vertical spacing of the magnets can enable the system to achieve monostable, bi-
stable or tri-stable motion, and the response displacement is relatively large during tri-stable motion. Increasing the
excitation acceleration is beneficial for the system to across the barrier and achieve a large response. The research

provides theoretical guidance for the design of linear-arch composed beam tri-stable piezoelectric energy harvester.

Key words tri-stable piezoelectric energy harvester, linear-arch composite beam, nonlinear magnetic force, dynamic

modeling, numerical simulation
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Fig. 1 Schematic diagram of linear-arch beam TPEH
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Table 1  Structure and material parameters of TPEH
Parameter Value
Lj/mm 20
hs /mm 0.2
b/mm 8
linear-arch beam
7 /mm 10
density/ (kg'm™) 8300
Young's modulus / (N-m2) 1.28x 10"
permittivity constant/ (F-m™") 1.10x 10710
Young's modulus / (N-m™2) 3x10°
PVDF
density / (kg'm™) 1780
hp/mm 0.11
structure size/mm 10x10x5
magnet
o/ (H'm™) 4x 1077
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