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Simulation Analysis on Output Performance of Galloping Electromagnetic

Energy Harvester under Wind Excitation
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Abstract;: This paper presents the analysis of a type of electromagnetic energy harvester subjected to transverse
galloping vibration under the wind excitation. The mathematical model of the galloping-based electromagnetic energy
harvester(GEMEH ) is established based on the analysis of the relationship between output current and input wind
speed. The harmonic balance method (HBM)is applied to obtain the approximate analytical solutions of the equations.
The validity of the approximate analytical solutions is validated by the numerical solutions from Runge-Kutta method.
A parametric study is then conducted to study the effect of the wind speed and the dimensionless load resistance r on
the galloping frequency and the cut-in wind speed. The effect of the electromechanical coupling coefficient(EMCC) ,
the inductance and the internal resistance of the coil on the cut-in wind speed and the average power outputs of the
GEMEH are subsequently studied. The results show that the galloping occurrence is difficult in a range of low r due to
relatively high cut-in wind speed. The optimal r of the GEMEH is not less than 1. The optimal power output can
increase with the increase of the EMCC and gradually reaches the saturation value. When r is in the range of 0.01 and
100, given a low wind speed,an increase in the inductance of the coil can lead to a decrease in the cut-in wind speed
in the range of low r,which is prospective to widen the operating range of r and improve power outputs in the range of
low r. Given a high wind speed, the inductance of the coil lower than 49.3 mH almost does not affect the output
power,but a further increase of the inductance of the coil can lead to a significant decrease in power outputs in the
range of low r. An increase in the internal resistance of the coil can obtain improved the power outputs in a range of
low r,but a higher internal resistance of the coil can lead to a significant decrease in the optimal power. The findings
from the parametric study provide the theoretical reference for the design of the GEMEH.

Key words: electromagnetic energy harvesting; wind excitation ; galloping ; output performance ; harmonic balance
method
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