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Abstract: This paper proposes three types of piezoelectric-electromagnetic composite energy
harvester structures that can increase the capture of vibration energy in the environment to
address the problems of narrow working frequency band and low output efficiency of linear single
vibration energy harvesters. First, a non-magnetic single-beam piezoelectric-electromagnetic
composite energy harvester is designed with only an upper piezoelectric beam, the magnet at the
head of which enters the fixed coil. Then, a magnetic rigidbeam piezoelectric-electromagnetic
composite energy harvester is designed. When the polarity of the two magnets is opposite, the

magnetic repulsion force will be generated. After that, a magnetic double-beam piezoelectric-
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electromagnetic composite energy harvester is designed. This is a doublebeam system whose
cantilever beams are of the same size as the magnetic rigid beams of the piezoelectric-
electromagnetic composite energy harvester, and the positions of the two magnets remain
unchanged. Finally, experimental study was conducted on the power generation performance of
the three types of energy harvesters, and their output power and output piezoelectric values are
compared and analyzed. According to the experimental results, the use of magnetic force
improves the electromagnetic power generation performance, but also reduces the output power
of the piezoelectric beam; the addition of double cantilever beams increases the degree of freedom
of the device and widens its working frequency band. The comprehensive peak power output of
the three types of energy harvesters is basically the same. The non-magnetic single-beam device
has the best piezoelectric power generation performance, which is more suitable for high
impedance environment. The magnetic double-beam devices have the best electromagnetic power
generation performance and double peaks of piezoelectric output, making them more suitable for
broadband and low impedance environment. The experimental results show that the magnetic
double-beam piezoelectric-electromagnetic composite energy harvester can harvest energy in the
widest frequency band and has good output performance.

Keywords: vibration; magnetic force; piezoelectric-electromagnetic composite; energy harves-

ting; broadband
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Table 1 Structural parameters of energy harvester
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