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Design and Fabrication of a Low Frequency Vibration Driven High-Efficiency
Electromagnetic Energy Harvester

Byung-Chul Lee and Gwiy-Sang Chung*

Abstract

This paper describes the design and fabrication of a low frequency vibration driven high-efficiency electromagnetic energy harvester
based on FR(Flame Resistance)-4 spring which converts mechanical energy into useful electrical power. The fabricated generator consists
of a vertically polarized NdFeB permanent magnet attached to the center of spring and a planar type copper coil which has higher
efficiency compare with cylindrical type coil. ANSYS finite analysis and Matlab were used to determine the resonance frequency and
output power. The generator is capable of producing up to 1.36 V,,, at 9 Hz, which has the maximum power of 639 W with a load
resistance of 3.25kQ .
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Fig. 1. Schematic diagram of energy harvester.
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Fig. 2. Resonance frequency variations according to the spring
materials with mode.
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Fig. 3. Mechanical simulation results of magnet and FR-4 spring
system ; (a) first mode(5.57 Hz), (b) second mode(6.01
Hz), and (c) third mode shape(9.28 Hz).
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Fig. 4. (a) Magnetic flux lines and (b) density distributions of
fabricated generator.
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Fig. 5. Fabricated (a) FR-4 spring and (b) copper coil.

(b)

Fig. 6. Fabricated high-efficiency (a) FR-4 spring and (b) planar-
type copper coil.

AR FR-4 999 A2 7] 18§ ofulA] s AE &
A Fez oF 9 Hy oln], 99| Aop7t 37188 w2 &85
“go] LeRgT,

Fig. T2 98 Futo} 39 ool w2 29 k& vehdl A
02 Y Fukpot I Lol7h 417 9 Hz, 30 m &, oF 1.3
Vel o efo] WAstGiTk, 7)2o] Bl FR-4 AXF 7]t
o 17| sh2El9} vlastod &2 Qo] oF 550 mV oA 1.36 V

512 sksjol 22 U4 ARl EAP} A itk Hol A
23 9l Axe 42,

-300-



Design and Fabrication of a Low Frequency Vibration Driven High-Efficiency Electromagnetic Energy Harvester [611

16 = T T T T
y N\
144 " ' | i f —=—30 m| |
z’:":-‘f ——20m
122/{//////f —A—10m| |
» ‘ |
= 1.0+ § FYreyy vy 4
@
(=]
£ o8 . 4
g Temes ]
3 o0s- -
]
© 04 i
02 i
0.0 T T T T T T T
0 2 4 6 8 10 12 14 16

Input frequency [Hz]

Fig. 7. Measured output voltages vs. coil lengths with input
frequencies and waveform.
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Fig. 8. Calculated output powers vs. load resistance.
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Fig. 9. Experimental setup for the evaluation of generator.
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