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Note: hj is the distance from the lower end face of the upper magnet or the upper
end face of the lower magnet to the center line of the suspension magnet, mm; A4
is the excitation amplitude, mm; £ is the excitation angular frequency, rad~s’1; t
is time, s; N and S are the north pole and south pole of the magnet respectively; x
is the displacement of the suspension magnet, mm.
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Fig.1 Diagram of magnetic-floating system
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Simulation parameters of restoring force calculation
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Table 1

- .
#i#i Definition Size/mm  Residual magnetism/T Coil turns N
LRk
Ri=1 =1 1.4
Top and bottom magnets =15, b 7
S AL _ _
Magnetic-floating magnet =10, h=10 147
£ Coil 3000

e Ris by 2P RIAWSRHEARI B R RS, mms Ry hy 37 Hh (A EVE
TAR )R =
Note: R, and A, are the radius and height of magnets at both ends, mm,
respectively; R, and A, are the radius and height of the intermediate suspension
magnet, respectively.
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Fig.2 Relationship diagram of the restoring force and
displacement when 4 is 53 mm
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Fig.3 Output voltage varied with the frequency when the energy harvester parameters changed
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Fig.6 Fixed frequency test results
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Table 3 The mini-radar parameters
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Energy-harvesting experiment of a broadband magnetic-floating energy
harvester under diverse vibration excitations
Sun Yuhua®*?, Li Shoutai'*?, Xie Shouyong'??, Li Yunwu'?3, Gao Mingyuan®?3**

(1. College of Eng. and Tech., Southwest University, Chongging 400716, China; 2. Chongqing Key Laboratory of Agricultural Equipment in
Hilly Area, Chonggqing 400716, China, 3. National & Local Joint Eng. Lab. of Intelligent Transmission and Control Tech., Chongqing
400716, China; 4. College of Eng. and Computer Science, Australian National University, Canberra 2601, Australia)

Abstract: Vibration energy harvesting systems can convert the vibrational energy into the useful electric power, thereby offer
a promising source of renewable energy for sustainable development of a society. However, there remains a great challenge on
high power density and broadband energy collection under random power spectrum. In this study, a high power-density and
broadband Magnetic-Floating Energy Harvester (MFEH) was presented for diverse vibration excitations. A COMSOL
Multiphysics software was used to calculate the relationship between magnetic restoring force and displacement during the
vibration. A mathematical model was established to explore the effects of different parameters on the performance of energy
harvester, according to the governing equations of magnetic-floating vibration system and Kirchoff’s law. The simulation
results show that the maximum output voltage varied slightly from 16 to 22 V, as the mass of levitated magnet increased,
indicating that the variation in mass can pose some influence on the maximum output voltage. Nevertheless, the resonant
frequency decreased, when the mass of levitated magnet increased. The excitation acceleration has a significant influence on
the maximum output voltage, whereas, there was a relatively small increase in the resonant frequency. Specifically, the spacing,
dy, has a significant impact on the curve shape of output voltage. There was only a unique solution for the governing equation,
when the values of dy were 53 and 52 mm, respectively, where the curves of output voltage were stable. But the solution for
the governing equation was not unique, when the dy was less than 52 mm. Consequently, the curve included the stable and
unstable solutions, indicating that the jump phenomenon occurred in this case. Analogous to the parameter spacing dj, the
damping ratio also strongly determined the curve shape. When the damping ratio was less than 0.21, the curve also included
the stable and unstable solution in presence of the jump phenomenon. Diverse excitation conditions, such as the sinusoidal
sweeping and fixed frequency vibration, were selected to verify the capacity of power generation. Subsequently, the
performance of energy harvester was evaluated by the indexes of efficiency, effectiveness, and the volume figure of merit. A
regulated power supply circuit was also designed, combined with the practical application. A mathematical model of random
excitation was established, according to the spectrum characteristics for a random road, when an agricultural machine working
on hilly and mountainous areas. The solution of stationary probability density was obtained using the
Fokker-Planck-Kolmogorov (FFK) equation expression for the response amplitude of probability density function.
Experimental results showed the maximum output voltage ranged from 5.92 to 21.52 V, as the excitation frequency varied
from 9.77 to 31.75 Hz under diverse amplitude. The maximum power reached 81.93 mW at 10 Hz. From 5 Hz to 50 Hz, the
maximum deliverable power is 81.93 mW. The efficiency, effectiveness, and the volume figure of merit for the designed
energy harvester were 2.85%, 9.85% and 39.74%, respectively. Five peaks can be obtained for the power spectral density of
output generating voltage in energy harvester, where the frequencies were 9.80, 29.41, 36.76, 36.76, 51.47, and 71.08 Hz,
indicating a broadband power response. The proposed device can be applied for powering the most sensors of agricultural
machinery and equipment in hilly and mountainous areas.

Keywords: energy storage; agricultural machinery; experiments; the random road spectrum; energy harvester;
magnetic-floating; broad-band; sinusoidal sweeping
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