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Abstract: Energy Harvesting is a technology that can convert wasted energy such as vibration, heat, light, electromagnetic
energy, etc. into usable electrical energy. Among them, vibration-based piezoelectric energy harvesting (PEH) has high energy
conversion efficiency with a small volume; thus, it is expected to be used in various autonomous powering devices, such as
implantable medical devices, wearable devices, and energy harvesting from road or automobiles. In this study, wasted vibration
energy in an automobile is converted into electrical energy by high-power piezoelectric materials, and the generated electrical
energy is found to be an auxiliary power source for the operation of wireless sensor nodes, LEDs, etc. inside an automobile. In
order to properly install the PEH in an automobile, vibration characteristics includes frequency and amplitude at several positions
in the automobile is monitored initially and the cantilever structured PEH was designed accordingly. The harvesting properties
of fabricated PEH is characterized and installed into the engine part of the automobile, where the vibration amplitude is stable
and strong. The feasibility of PEH is confirmed by operating electric components (LEDs) that can be used in practice.
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Fig. 1. Schematic flow chart of this study; piezoelectric ceramic
fabrication, characterization of material properties, device fabrication
and characterization.
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Table 2. Vibration characteristic of each location in x, y, and z direction.

Engine Engine (2,000 rpm) Battery Muffler
Direction  Frequency Acceleration Frequency Acceleration Frequency Acceleration Frequency Acceleration
(Hz) (® (Hz) (& (Hz) (® (Hz) (®
26.7 0.1 59.09 0.22 23.20 0.11 23.32 0.04
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Fig. 5. The resonance frequency tuning by modulating the position of the proof mass. Output voltage in laboratory environment at (a) off-
resonance and (b) resonance frequency. (c) Photograph of piezoelectric energy harvester, rectifier circuit, and LED board. (d) Photograph of

LEDs illuminated using piezoelectric energy harvester.
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Fig. 6. Harvested output power with load resistance. Output power of energy harvester with piezoelectric plate (a) thickness of 0.7 mm and (b)
thickness of 0.5 mm.
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Fig. 7. Attachment of energy harvesting module on automobile.
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Fig. 8. Wave forms of generated voltage from piezoelectric
vibration energy harvesting with different thickness of piezoelectric
plate (a) 0.7 mm and (b) 0.5 mm.
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Fig. 9. Powering of LED array module with piezoelectric vibration
energy harvester different thickness of piezoelectric plate (a) 0.5 mm
and (b) 0.7 mm.
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