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ABSTRACT 

 
In this paper, we introduce a novel electromagnetic energy harvester with windmill-structure for low-

power autonomous sensors. This design of the proposed energy harvester can effectively scavenge the energy 

from wind source based on the electromagnetic phenomenon. The windmill structure with four magnets can 

rotate in a high speed under wind excitation and thereby generate power efficiently through the coils nearby. A 

miniature energy harvester prototype is fabricated using 3D printing technique. In the performance testing 

experiment, a peak current of 299 mA and a peak output power of 418 mW are achieved within a high 

rotating speed range up to 4260 rpm. Moreover, a maximum Vrms of 117 mV is obtained on a driving car with 

a speed of 40 km/h, which could be potential power supply for wireless sensors network application. 

 

Keywords : Energy harvesting, Electromagnetic, Windmill-structure, Wireless sensors network (WSN) 

 

1.  INTRODUCTION 
In recent years, wireless sensors network (WSN) has been regarded as one of the most significant 

technologies in 21st century [1]. Unfortunately, the limited power of batteries in WSN applications will result 

in large amount of maintenance cost and mounting constrains [2]. Therefore, we propose a windmill-

structured electromagnetic energy harvester to power the sensors in remote and harsh environment. 

2.  DESIGN AND EXPERIMENT 
As shown in Fig. 1, during to the excitation caused by wind flow, the windmill structure will rotate and as 

a result, four end-magnets pass near the coils by turns. This structure can efficiently convert the wind energy 

into electricity. A prototype is fabricated utilizing 3D printing technology, which is shown in Fig. 2. The 

performance characterization is carried out in the experiment. It can be seen from Fig. 3 (a) and (b) that 

various pressures are applied on the energy harvester to test its output. With various applied pressure, a high 

rotating speed of 4260 rpm can be reached. Meanwhile, a peak output current of 299 mA and a peak output 
power of 418 mW are achieved, which are shown in Fig. 4-6. Additionally, as Fig. 7 and Fig. 8 shows, a 

maximum Vrms of 117 mV is obtained on a driving car with a speed of 40 km/h. 

3.  CONCLUSION 

In this paper, we have presented the design, fabrication and characterization of an electromagnetic 

windmill-structured energy harvester which can effectively generate power under wind excitation. A 

maximum power of 418 mW is achieved, which fulfills the requirement of low-power autonomous sensors. 
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Fig. 1 The schematic of a windmill-structured energy 

harvester. 
Fig. 2 The prototype of energy harvester 

fabricated by 3D printing technology. 

Fig. 3 Experiment setup: a) Utilizing the oscilloscope to test the output. b) Utilizing the air gun to apply 

pressure on the blades of energy harvester. 

a) b) 

Fig. 4 The peak output voltage 

versus applied pressure. 
Fig. 5 The peak output power 

versus applied pressure. 
Fig. 6 The output frequency 

versus applied pressure. 

Fig. 7 The output Vrms could be measured by a 

multimeter during car’s driving. 
Fig. 8 The output Vrms versus the 

driving speed of a car. 
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