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Fig. 1. The structure model of diamagnetic levitation

vibration energy harvester.
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Table 1. The structure parameters of diamagnetic lev-

itation energy harvester.
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Fig. 2. The calculational model of magnetic force and

diamagnetic force.
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Fig. 3. The resultant curves of the floating magnet.
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Fig. 4. The potential energy curve of the floating magnet.
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Fig. 5. The monostable (a) and bistable (b) phe-

nomenon of the floating magnet.
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4.2 FRRSEBEMNHFERN

ST AL T RS KT, B 93D 1%
PRI 2y W LA E— 3 F 485 U, 5 3,
AT SR, U(2) = a122/2 + azz/4,
ORI 55, 1 AU (2)/dz = 0 1R% 5 3 &

018501-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y118 Z R  Acta Phys. Sin.

Vol. 67, No. 1 (2018) 018501

Gi P8 1 Zon1, Zimas Zo BLE, 23 900 (3) A1 (9) R
Fros:

Zm1sme = £v/—a1 /as, (8)

Zp = 0. (9)

EEP AR O N S G
WS, HU(2) ZAV(2), 0(10) XFrs:

V(z) =U(z) — zA cos(wt)
=a12%/2 + azz* /4 — zA cos(wt). (10)

1 (10) ZUAT BLAE H, S bk A0 3 BF A 30 1k
Mot BUINER. BRI, RGEAEAE — I AR AE A,
A5 J7 R OR AR A5 K. =4 Ah 5 e ST 380l 1) ek
A < A W, B BFE I R 46 e BRI R A A2 DA AE 3
MR, BT iR S 2N T B, REE
N IE IR G 2 s AR EOIRAE A > A
I, H T3 42 mT RERE A I 1R) AU AR AL TV 2%, B4 1 RE
fif jie 3k 5 22 8 9 5 Bk 1) 32 47 K (4% J) 0 1 ik k.
I FEAE A KR RAEFH KBV (2) 7E Acos(21 1)
N B R AR B3t /N B PR 2 AN O, 2 5 A A 3 B A
L.

1.5

1.0F |

o
<)
T

FREARIE /mm
o

S3Ea
|
o
at

) ‘::J-'- Wy

ELy
&

—1.0F

—-1.5

0 1 2 3 1
HPSEIRAE / mm
8  XURRASFIUN, BiF K Hh AL R 2 7 1B
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Table 2. The vibration phase diagram and the Poincare mapping diagram of the floating magnetic in bistable type.
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Abstract

Based on diamagnetic levitation, the micro-vibration energy harvester is proposed, which has advantages such as
low friction, low mechanical damping, low-frequency response and free of maintenance. The floating magnet is one of
the most important parts in the vibration energy harvester. The dynamic properties of the floating magnet directly
determine the output characteristics of the energy harvester.

In order to study the vibration properties of the floating magnet, the force characteristics of the floating magnet
are investigated in the vibration energy harvester. The magnetic and diamagnetic forces exerted on the floating magnet
are simulated using finite element analysis software COMSOL Multiphysics. Then the dynamic characteristics of the
floating magnet are further analyzed by MATLAB. In the case of the present study, when the gap between the two
pyrolytic graphite plates is smaller than 7.7 mm, the floating magnet works in a monostable state. At the same time the
floating magnet runs in a bistable state when the gap between the two pyrolytic graphite plates is larger than 7.7 mm.
The two working states are in accordance with the experimental results. The results prove that the theoretical analysis
and experimental results are in good agreement. Furthermore, the dynamic response of the energy harvester is studied in
the two working states. When the coils are open-circuited and the energy harvester is in a monostable state, it is found
that the dynamic response can be equivalent to that of a linear system with a nonlinear disturbance. So, the amplitude-
frequency curve is right-skewed. We also analyze the influence of the gap between the two pyrolytic graphite plates on
the amplitude-frequency curve. It is found that with the increase of the gap between the two pyrolytic graphite plates,
the nonlinear disturbance becomes stronger, leading to a stronger right-skewed phenomenon in the amplitude-frequency
curve. When the coils are open-circuited and the energy harvester is in a bistabtle state, the dynamic response is very
complex, which includes double period, 4-time period and chaos. It is because the change of the amplitude of external
excitation affects relative strength between the linear and nonlinear parts in the energy harvester system, resulting in
the change of vibration characteristic of the floating magnet. When the coils are linked to load and the energy harvester
is in a bistabtle state, the frequency of the energy harvester is consistent with that of the external excitation.

This study can serve as a reference for designing the structure of the vibration energy harvester with using dia-
magnetic levitation. And it provides a theoretical guidance for improving the performance of the energy harvester and
expanding the working bandwidth of the harvester. The energy harvester has vast application potential in wireless sensor

networks and portable electronic devices.
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