A centrifugal spring mechanism empowers self-adjusting in
piezoelectric wind energy harvesting

Weilin Liao, Xiaosen Su, Fei Fang*
Department of Engineering Mechanics, Tsinghua University, Beijing 100084, China

“fangf@mail.tsinghua.edu.cn

Keywords: Piezoelectric energy harvester; self-adjusting mechanism; High output power.

Abstract. Piezoelectric wind energy harvesters (PWEHs) offer promises in sustainable green
energy supply for micropower electronics. However, traditional PWEHSs encounter challenges in
terms of high start-up wind speeds, subpar output performance, and narrow bandwidth, hampering
their widespread adoption. To enhance the energy capture efficiency, a novel self-adjusting PWEH
integrating a centrifugal spring mechanism (CSM) is presented, as shown in Fig. 1. The CSM
consists of a sliding rod, a 304 stainless steel spring, an exciting magnet, and a mass block. Via
theoretical analyses, finite element simulations, and experiments, key parameters of the PWEH are
optimized including the CSM additional mass, spring wire diameter, and the configuration of
multi-frequency piezoelectric transducers. Results demonstrate that the introduction of the CSM
results in an 80.7% enhancement in open-circuit voltage and a 90.9% increase in short-circuit
current. Additionally, by utilizing four pairs of piezo-transducers with different resonance
frequencies, the resonance bandwidth of the PWEH is expanded to 1.5-5.5 m/s. The feasibility of
PWEH for powering signage, electronic screens, and Bluetooth thermohygrometer is
demonstrated. The potential of PWEH in constructing high-precision intelligent wind speed
monitoring systems is tested via convolutional neural networks. The study offers a strategy for
designing the PWEH for both powering of the microelectronic devices, and intelligent sensing and
monitoring of wind.
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Fig. 1 Structure schematic of PWEH
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