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Hybrid Piezoelectric-Triboelectric Vibration Energy Harvester for

Intelligent Bearing Self-Powered System

LLUO Mengting, Zheng Xueliang, Yao Zhaoqi, Wang Heng

(School of Mechanical Engineering, Nantong University, Nantong, Jiangsu 226019, China)

Abstract: A hybrid piezoelectric-triboelectric vibration energy harvester for the intelligent bearing
self-powered system is proposed for the problems of limited applications of battery-powered con-
dition monitoring devices in the radially slotted outer ring structure of the intelligent bearing.
The energy harvester is based on a triangular single-crystal piezoelectric cantilever beam with
double mass blocks, and two nanogenerators with limiting function are organically integrated
with the vibration direction of the cantilever beam. The composite co-generation of piezoelectric
and triboelectric modes during vibration and limit collisions is realized. The space is effectively u-
tilized and the output performance is improved. Meanwhile, the electromechanical coupling dy-
namic model of the energy harvester is established by using the centralized parameter method.
The effects of different structures and sizes on the natural frequency and output voltage of the pi-

ezoelectric cantilever beam are analyzed by COMSOL software. The accuracy of the electrome-
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chanical coupling dynamic model and simulation analysis are verified by experiments. The test re-

sults show that the proposed energy harvester can work effectively in the range of 0~28. 2 m/s*

of the normal working vibration acceleration of intelligent bearing. At an acceleration of 2 m/s”,

the maximum peak-to-peak values of the open-circuit output voltages of the piezoelectric and tri-

boelectric units of the harvester are 1. 28 V and 1. 05 V respectively. At an acceleration of 20 m/

s”, the maximum peak-to-peak values of the open-circuit output voltages of the piezoelectric and

triboelectric units of the harvester are 2. 85 V and 1. 18 V respectively.

Keywords: intelligent bearing;

energy harvesting
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Fig. 1 Schematic diagram of energy harvester
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Fig. 2 Diagram of the mounting of the energy harvester on

the bearing
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Fig. 3 Working principle diagram of energy harvester
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Fig. 4 Dynamical model of energy harvester
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Fig. 5 Finite element model of three shapes of piezoelectric

cantilever beams
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Table 1 Three shapes of piezoelectric cantilever beam

structure dimensional parameters
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Table 2 Piezoelectric cantilever beam material parameters

R ma il

WE/ O Am

w1} B Mg/ REd./ W
(kg*m™®) ]
GPa (C* N ) ey
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Al 2700 0. 35 70.0
Pb 11 300 0.42 17
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Fig. 6 Equivalent force distribution of three shapes of struc-

tural piezoelectric cantilever beams
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beams
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Fig. 9 Inherent frequency and output voltage variation with

flexible substrate length and fixed end width
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Fig. 10 Time domain analysis of energy harvester
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Fig. 11 Frequency domain analysis of piezoelectric unit
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Fig. 12 Potential distribution diagram of triboelectric unit
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