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Analysis of Energy Conversion Efficiency in Micro Power Generation
using Vibrating Piezoelectric Cantilever
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Abstract

We developed micro power generation system using piezoelectric materials. In our system, the ambient
vibrating energy is converting to electric energy by deflection of piezoelectric beams. The system consists of
energy generating parts, converting enhancement parts, electric regulation and charging parts ,and interface
with small-energy-consuming mobile devices. The geometry of piezoelectric beams, the source of vibrating
energy, and the electric load of target application determine the characteristics of generating electric power,
such as impedance, voltage, current and power density. Therefore, we made a model for analysis of generating
power with given information such as piezoelectric materials, geometry, vibration type, and mass. With this
model, we can calculate capacitance of piezoelectric beams, generating voltage, current, and power. To obtain
maximum energy transfer efficiency, we approached this study in the view of material, electrical, and
mechanical engineering
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Table 1 Acceleration magnitude and frequency of
fundamental vibration mode for various sources

Acceleration (mds”) magnitude and frequency of fundamental vibration

mode for varous sources

Vibration source A [m.-‘.slj Freu
Car engine compartment 12 204
Base of 3-uxis machine wol 10 70
Blender casing 6.4 121
Clothes dryer 35 121
Person nervously tupping their heel 3 1
Car instrument panel 3 13
Door frame just after door closes 3 125
Small microwave oven 2.5 121
HVAC vents in office building 0.2-1.5 60
Windows next to g busy road 07 100
CD on notebook computer 0.6 75
Second story floor of busy office 0.2 100
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2T

Fig. 1 Schematic of micro power generation using
vibrating piezoelectric cantilever beam
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Fig. 2 Geometry of piezoelectric cantilever beam
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Fig. 3 Simple modeling of piezoelectric beam
vibration system
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Fig. 4 Experimental apparatus
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Fig. 5 Decrease of natural frequency by added
mass to the tip of the cantilever beam
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Fig. 6 Generated electric charge from piezoelectric
beam with respect to added mass
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Fig. 8 Vibrating piezoelectric cantilever beam (a)
connecting road resistance and its output voltage
when a single impact induced at the beam (b)
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Efficiency(% )

Table 2 Mechanical/Electrical properties of MFC
28H06-011D bimorph beam

f 'c |z, R | k | D | D,

20.8 326 12 12 109 1.38 | 0.429
Hz nF kQ | kQ | Nm | mm mm
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Fig. 9 Circuit charging efficiency of MFC with
respect to various capacitors and battery voltages
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