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Fabrication of a Low Frequency Vibration Driven Electromagnetic Energy
Harvester Using FR-4 Planar Spring and Its Characteristics

Byung-Chul Lee and Gwiy-Sang Chung*

Abstract

This paper describes the fabrication and characteristics of a low frequency vibration driven electromagnetic energy harvester. The
fabricated generator consists of a permanent magnet of NdFeB, a FR-4 planar spring and a Copper cylinder type coil. ANSYS modal
analysis was used to determine the resonant frequency for the generator. The implemented generator is capable of producing up to 550
mV peak-to-peak under 7 Hz frequency, which has a maximum power of 95.5 W with load resistance of 580 Q. This device is shown to
generate sufficient power at different resonating modes, and the experimental and simulated results are discussed and composed.
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Fig. 2. Schematic structures of the fabricated generator.
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Fig. 3. Resonance frequency variations according to the spring
materials.
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Fig. 4. Mechanical simulation results of magnet and FR-4 spring
system (a) First mode shape(7.22 Hz) (b) Second mode shape
(7.51 Hz) (c) Third mode shape(7.97 Hz).
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Fig. 6. Fabricated (a) FR-4 spring and (b) Copper coil.
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Fig. 7. (a) Magnetic flux lines and (b) density distributions of
fabricated generator.
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Fig. 8. Experimental setup for the evaluation of generator.
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Fig. 9. Variations of measured voltage waveforms on resonance
frequencies; (a) 7 Hz, (b) 9 Hz, (¢) 12 Hz.
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Fig. 10. Measured voltage vs. coil turns with different resonance

frequencies.
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Fig. 11. Calculated power vs. load resistance.
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