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Abstract

Vibration energy harvesting technology can convert ambient vibration energy into electrical energy,
providing self-powering solutions for low-power electronic devices. However, traditional linear vi-
bration harvesters are constrained by issues such as a narrow effective bandwidth and low energy
density, making them unsuitable for vibration environments with a wide frequency range, which
greatly limits their practical application. Therefore, methods to broaden the bandwidth and increase
the energy density of energy harvesters to improve harvesting efficiency have become a popular
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area of research. This paper provides a comprehensive summary and analysis of nonlinear broad-
band vibration energy harvesting technologies, introducing their operating principles, theoretical
foundations, and implementation techniques. Moreover, it offers thoughts and prospects on the fu-
ture development directions of vibration energy harvesters.
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Figure 1. Magnetic coupling array piezoelectric energy harvester
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Figure 2. Structure of the magnetic-coupling-double-cantilever-beam vibrational energy harvester
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Table 1. Performance parameter table of nonlinear broadband vibration energy harvester based on magnetic coupling
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Figure 3. The schematic diagram of hemispherical point absorber piezoelectric collector
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Figure 4. The frequency response results of BPVEH under three different acceleration excitations
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Table 2. Performance parameter table of nonlinear broadband vibration energy harvester based on buckled beam structure
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REERSN, W5m TR e R INRAERE ). AR BATEKELN 15 mm B, PRI BRRME, X
ARG BTV H S e B iy R TR FR AT R LMK, SRR R NI, KIS — e RE)E, 8
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(a) cutaway diagram (b) half section view

Figure 5. Capsule-type friction nanogenerator
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BB I IEAE R Th R ATIAS) 2.8 mW. 1% BAE 15~35 Hz FUR N BRI BT Ra S I NE RV, Aeisf
S SR ) FH A B 2R B AN [RL AR R R Bh BE
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Figure 6. Triboelectric nanogenerator with vertical collision of multilayer elastomers
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2025 4 Tan S4 M1 —FOR R 57K EE AL ) =R S BEHE 90K K UHLUIMTTENG) [26], BT BAFEAR
A DX A58 ST B KRR s 9 [0 4735 0 v LR AT HH o Mk B RIARR C Z A1 TR ELRR B a 24 0.018 m B, 4.8~6.2Hz
AT Y IR WA PR R 2 e LA AR . PR S a (390, MTTENG (B RIR G M BOR#T AR 45, &l
JEPRZRTEEAG N T 85.71%. PRIk, J/NEEES a W LA 2040 % MTTENG [ BE SR -
Table 3. Performance parameters table of a vibration energy harvester based on collision-induced triboelectric nanogenerator
3. AHENHI AR L BIRTREE R BRI RES R

=3 SRR BER(37ES i PR T

TR 1180 kg/m?

Zhao %5 \[22] B 80 * 40 mm? 2~14 Hz 52V 0.023 mW
M2t 100 * 16 * 0.3 mm?
s -
Tan %5 \[23] SukT. 46.6 mm 1~6 Hz 470V 4.5 mW
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Figure 7. Structure of the piezoelectric—electromagnetic-triboelectric-hybrid energy harvester
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Figure 8. Composite electromagnetic-friction omnidirectional generator
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Table 4. Performance parameters table of a vibration energy harvester based on composite electromagnetic-triboelectric nan-

ogenerator
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