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ABSTRACT: Renewable energy harvesting technologies, which convert ambient resources such as wind into electrical energy, have
attracted significant attention as sustainable power sources for self-powered systems. However, the long-term applicability of wind
energy harvesters in remote or extreme environments has not yet been fully discussed, particularly in terms of structural robustness
and environmental adaptability. In this study, we designed a double-clamped flutter-type triboelectric generator (DF TEG) for efficient
wind energy harvesting and evaluated its output performance under various simulated outdoor conditions. The DFTEG features a
modular acrylic frame with a magnet-based assembly for easy maintenance and film replacement, utilizing PTFE films and aluminum
electrodes to maximize the charge density difference according to the triboelectric series. Structural optimization revealed that a
single-film configuration with a length of 110 mm produced the most stable flutter vibration and a large effective contact area, achieving
a maximum open-circuit voltage of 42.28 V and a short-circuit current of 2.89 pA. Furthermore, performance evaluations under various
environmental variables, including relative humidity, temperature, and sand particles interference, confirmed consistent electrical
output across diverse environmental conditions. These results demonstrate the potential of the proposed DFTEG as an environment-
adaptive independent power source capable of stable operation under complex environmental factors.
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Fig. 1. (a) Schematic diagram of the DFTEG and (b) sketches that illustrate the working mechanism of DFTEG
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Fig. 2. (a) Photographs of the DFTEG with different PTFE film lengths, (b, ¢) comparison of V. and I of the DFTEG under different PTFE

film lengths at the wind speed of 5 m/s, and (d, ) 10 m/s, respectively
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Fig. 3. (a) Photographs of the DFTEG with the PTFE film length 110 mm under different numbers of PTFE film strips, (b, ¢) comparison of V.
and I, of the DFTEG under different numbers of PTFE film strips at the wind speed of 5 m/s, and (d, ) 10 m/s, respectively
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