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Abstract: To investigate the influence of variable cross-section design of wind columns on the vibration
characteristics and energy harvesting performance of energy harvesters, a piezoelectric energy harvester
with dual variable cross-section wind columns is proposed. This design aims to capture energy from
wind-induced vibration environments. The vibration characteristics and power generation performance of
the harvester under both vibration excitation and vortex-induced vibration conditions are studied
through shaker excitation tests and wind tunnel tests, respectively. The harvester consists of a
cantilever beam, a piezoelectric patch, and two variable cross-section wind columns on both
sides. Three installation methods (positive-positive, negative-negative, positive-negative) are
designed to explore the effects of load resistance, excitation frequency, acceleration, and wind speed on
the output performance. The results from the shaker excitation and wind tunnel tests indicate

that the optimal load resistance is 80 k. The positive-positive installation method achieves the
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highest output power of 4. 06 mW at a wind speed of 4. 7 m/s, which is significantly superior to
similar studies. Symmetrical structures (positive-positive, negative-negative) demonstrate better power
generation performance under external vibration excitation compared to the asymmetrical structure
(positive-negative) , due to the superposition effect of piezoelectric patch deformation enhanced by
synchronous vibration modes. The reverse installation structure can reduce the natural frequency
and the cut-in wind speed of the device, but it shows lower efficiency in utilizing vortices during
wind tunnel tests. Increasing the excitation acceleration significantly improves the power generation

performance of the harvester. This study provides new insights for efficient energy harvesting in

wind-induced vibration environments and expands the research on piezoelectric energy harvesters

%60 %5

with variable cross-section wind columns.
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Fig. 1 Structure setting of piezoelectric energy harvester with

dual variable cross-section wind columns
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Table 1 Structural parameters of energy harvester
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e W, /mm 20
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R b G i E,/GPa 57
NHFEE e/(nF e m 1) 32.15
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Fig. 2 Three types of device settings
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resistance value at different wind speeds
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