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Abstract: To efficiently collect human mechanical energy with low-frequency (<10 Hz), high-ampli-
tude, and irregular vibrations, a non-resonant electromagnetic-triboelectric hybrid energy harvester was
proposed by using the nonlinear frequency band broadening technology-monostable method proposed in
this paper. The device integrated electromagnetic nanogenerator (EMG) and Triboelectric nanogenera-
tor (TENG) into a magnetic levitation system with nonlinear characteristic, and could broaden the fre-
quency response range by using the phenomenon of the resonance peak shift of the amplitude-frequency
curve in the nonlinear system. In addition, two flexible multi-layer triboelectric nanogenerators were in-
troduced, which could not only enhance the low frequency response characteristic, but also improve the

output power of the device. The test results show that at an external load of 1X10° () and with vibration
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at 6 Hz and 10 m/s”, the instantaneous output power of the top (TENG1) and bottom (TENG2) are

202.5 pW and 348.1 uW, respectively. The instantaneous output power of the top (EMG1) and bottom

(EMG?2) both achieve 150 mW at an external of 60 Q. Moreover, the designed energy harvester can not

only charge a capacitor of 0. 022 F from 0 V to 3.3 V in 4 minutes from human motions but also drive

low-power sensors. The device can break through the problem of low energy acquisition efficiency of the

traditional resonant energy harvesters in low-frequency and random vibration environment, and can be

used to self-powered low-power portable electronic products.

Key words: hybrid energy harvester; magnetic levitation system; electromagnetic nanogenerator; tribo-

electric nanogenerator; human mechanical energy; portable electronic product
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Test system of the hybrid energy harvester
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Fig. 7 The open-circuit voltage and short-circuit current of the hybrid energy harvester with

different frequency and different acceleration
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