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Modeling and principle
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Basic parameters: W, (X,1)= é‘bi (X)Y; (1)
U represent inflow velocity. <
D and m, represent diameter and mass of the sphere. Reduced-order model
B and P represent metal base and piezoelectric sheet. Y +25@Y, + oY, -0V =F,

L, W, and t represent length, width and thickness of the beam. C.V +VE+Zn:9iY} -0
1

k, I, and Al represent stiffness, length and elongation of the spring.

Analytical solution considering the coupled vibration effect.




n Validation of the theoretical model
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The wind tunnel experiment validated the theoretical model.




BEl) Output Performance Testing and Analysis

> Influence of frequencies ration on output performance

Frequency ratio:
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fs represents the natural
frequency of sphere and
springs.

U/

fp represents the natural
frequency of piezoelectric
beam.

Piezoelectric
beam

The sphere diameter (D), the spring stiffness
(K) and the length (L) and width (w,) of the

beam are four key factors.

Tuning the natural frequencies optimizes

mechanical and electrical performance.
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Adjusting the frequency ratio (/) enables coupled vibration.




BE]) Output Performance Testing and Analysis

> Influence of frequencies ratio on output performance

Lower frequency
S ratio lead to
Ui lower critical wind
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Coupled vibration optimizes vibration modes
through frequency adjustment.




BEl) Output Performance Testing and Analysis

> Energy conversion efficiency
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Energy conversion efficiency peaks at n=1.341 and R=1.0 MQ.




BEl) Output Performance Testing and Analysis

> Influence of wind direction on output performance
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Conclusion and Prospect

> Developed a novel piezoelectric energy harvester, capable of
maintaining stable performance under complex wind direction.
> Proposed a nonlinear coupled dynamic theoretical model

based on the Euler-Lagrange equations and the Van der Pol

Content

oscillator.
> Explored the optimal frequency ratio and tested the multi-

directional performances.
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Omnidirectionality Higher efficiency = Engineering application






