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Abstract: In this study, a cantilevered energy harvester comprising piezoelectric fiber and epoxy composites
was designed and analyzed electro-mechanically. In order to maximize the power of the cantilevered energy
harvester, its exciting frequency was tuned to the first natural frequency of the beam. An efficient analysis
method for predicting the output voltage of the beam was developed by using the finite element method
coupled with piezoelectric behavior. By using this method, the effects of geometric parameters and various
piezoelectric materials on power generation were investigated and the electric characteristics were evaluated.
Design optimization of the beam geometries was performed for a base model. The optimum MFC design
generated a maximum electric output of 40.1 V at a first natural frequency of 24.5 Hz.
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Table 1 Geometric parameters of MFC and the
cantilever beam
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Fig. 2 Geometric configuration of the cantilever beam
with macro-piezoelectric fiber and epoxy
composite (MFC) actuators
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Table 2 Properties of piezoelectric materials

PZT-5A  PVDF MFC
C11 El
(10°Nm?) 121 3.61 (MPa) 30.34
C12 E3
(10°Nm?) 75.4 1.61 (MP2) 15.86
a Och“m_z) 752 1.42 Vi2 0.4
a OfN”m_z) 111 1.62 Vi3 0.4
Caq G12
(10°Nm?) 21.1 0.55 (MP2) 5.52
Co6 G
(10°Nm?) 28.1 0.69 (MP2) 10.7
ds; ds
. 5.4 -0.01036 . -0.02
(C/m™) (10"°C/N)
d33 d33
. 15.8 -0.02788 . 0.04
(C/m?) 7 (10"2C/N)
dis €11
. 12.3 0.01224 . 1500
(C/m?) (10"'F/m)
€11
(10"F/m) 1500 6.482
€33
(10" F/m) 1530 6.761
F=—FvDF
T |-e—FZT
ygie] a—MFC

RMS Voltage (V)

T T
a0 19.2 104 10.6 1038 1.0 112

Frequency {Hz)

Fig. 5 Output voltages of PVDF, PZT and MFC
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