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Abstract—Energy harvesting from ambient energy sources has 

been receiving considerable interest as the power supply of 

wireless sensors networks. In this paper, a hybrid energy 

harvester based on magnetic levitation is presented for 

scavenging power-frequency magnetic field and mechanical 

energy. A Halbach array is employed to enhance the power 

output. At the magnetic field of 15 Oe and the vibration 

acceleration of 80 mg, the harvester produces a load power of 

0.3×10-6W across a matching load resistance of 4.4 MΩ. The 

device has the potential applications in energy harvesting for 

low-power electronic devices. 

Keywords-Harvester; Magnetic levitation; Power-frequency 

magnetic field; Vibration. 

I.  INTRODUCTION 

The power supply of wireless sensors has impeded the 
development and application of wireless sensors networks 
due to the limited lifetime of the batteries. The advances of 
electronic technology decrease the power consumption of 
wireless sensors, and scavenging energy from external 
environments has become an alternative of the traditional 
batteries. [1-5]. There are many energy sources for power 
generation [6-8], and the mechanisms harvesting two or 
more energy can attain a higher energy conversion efficiency 
[9, 10]. 

Power-frequency magnetic field and vibration are 
promising energy sources due to their ubiquitous. Energy 
harvesters based on magnetoelectric (ME) transducers have 
attracted much attention due to the high magnetomechanical 
coupling effect [11-13], and they can simultaneously 
scavenge magnetic field and vibration energy. 

This paper presents a hybrid energy harvester for 
Power-frequency magnetic field and vibration. The magnetic 
levitation unit attains a low spring rate and the Halbach array 

achieves a particular magnetic field distribution. The 
experiment results have validated the proposed design. 

II. ENERGY HARVESTING DEVICE 

Fig. 1 shows the schematic diagram of the proposed 
hybrid energy harvester. The harvester consists of a magnetic 
levitation unit, a Halbach array, and a ME transducer. The 
Halbach array concentrates the magnetic field of the array on 
the side where the ME tranducer is placed, which can 
potentially improve the power output of the device. The ME 
transducer is composed of a piezoelectric PZT5H layer 
sandwiched between two magnetostrictive Terfenol-D layers. 
The magnetostrictive layers are magnetized in length 
direction and the piezoelectric layer is polarized along 
thickness direction.   

Under power-frequency magnetic field and vibrational 
excitations (or one of the two excitations), the 
magnetostrictive layers of the ME tranducer are deformed. 
The stress is transmitted to the piezoelectric layer. 
Consequently, the piezoelectric layer produce power output 
on the connected load resistance due to the piezoelectric 
effect [14]. 

 
Figure 1.  Schematic diagram of the hybrid energy harvester. 
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III. MAGNETOELECTRIC ANALYSIS 

Based on the principle of the ME transducer, when the 
external magnetic fields are exerted on the ME transducer, 
the open-circuit output voltage can be expressed as [15] 

 0 ( )acV H H   ME  

where αME is the magnetoelectric coefficient, ΔH is the 
magnetic field variation caused by the vibration, and Hac is 
the external power-frequency magnetic field. When a resistor 
is connected to the ME transducer, the maximum output 
power can be calculated by 
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where Vopt is the voltage on the optimal external load 
resistance Ropt, ω is the angular frequency, and Cp is the 
equivalent capacitance of the ME transducer. 

IV. RESULTS AND DISCUSSIONS 

Fig. 2 shows the experimental results of the harvester 
under the magnetic field excitation of Hac = 10 Oe near 50 
Hz. It can be seen from Fig. 2 that the harvester has a 
relatively flat response as the frequency is increased from 40 
Hz to 60 Hz, indicating a non-resonant state. The average 
output voltage reaches 0.5826V for the given data of Fig. 2. 

 
Figure 2.  Experimental response of the device under only magnetic field 

excitation around 50 Hz. 

The harvester is exposed to both power-frequency 
magnetic field and vibrational excitations. The magnetic 
field and the vibration acceleration are 15 Oe and 80 mg, 
respectively. A resistance box is connected to the hybrid 
energy harvester to test power output performance. The 
results are plotted in Fig. 3. As can be seen from Fig. 3 that, 
the output power increases with the load resistance, and 
attains the maximum value of 0.3×10

-6
W with the load 

resistance of 4.4 MΩ. Then, the power decreases with further 
increase of the load resistance. 

 
Figure 3.  Output power as a function of load resistance under both 

magnetic field and vibrational excitations at 50 Hz. 

V. CONCLUSIONS 

In this paper, an energy harvester based on magnetic 
levitation is presented. The harvester can simultaneously 
scavenge external power-frequency magnetic field and 
vibration energy. A Halbach array is used to increase the 
magnetic field variation which the ME transducer undergoes. 
Experiments have been carried out. The results show that the 
harvester can generate a load power of 0.3×10

-6
W on a 4.4 

MΩ matching resistance under dual excitations. The power 
output can be significantly increased by increasing the 
external excitations and using a ME transducer with higher 
ME voltage coefficient (e.g., Terfenol - D/Pb (Mg1/3Nb2/3)O3 

-PbTiO3/Terfenol-D), which indicates the potential 
applications of the device for wireless sensors. 
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