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Abstract

A power generation systems are proposed to convert ambient mechanical vibration into electrical
energy using cantilever-type piezoelectric materials. The vibration-based power device can be used for
self-powered systems without batteries. This paper presents the theoretical - analysis for the coupled
equations of piezoelectric and structural motions and investigates the dynamic characteristics of the
self-power system using transfer function method. The theoretical model is verified by the finite
element analysis of the resonance frequency, the dynamic response of the structure and the sensor
sensibility. Experimental results measured using a prototype system agree with the theoretical
predictions. The system is shown to produce 34.5 (MW in average. Finally, we perform the optimal
design for system variables to maximize output power.
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Fig. 1 Power generation systems with several
modules

a) Mass

Fig. 2 Schematic diagram of a single
module power generator
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Table 1 Initial design specifications

Mass m 0.09 kg
Total Length L 2715 mm
Width w 10 mm
PZT Height ha 0.2 mm
Plate Height hy 0.3 mm

Table 2 Material properties

Plate Elastic Modulus Ey 7.17x10" N/m®

Plate Poisson Ratio Vs 033
PZT Elastic Modulus E, 11.4x10" N/m?
PZT Poisson Ratio Uq 0.3
. cu 12.3x10“m*/N
PZT Compliance ciz 406510 “m?/N
Piezoectric Coupling dsy,dz -171x107C/N
e Zo 8.854x10™“F/m
PZT Permittivity s 1250
PZT Capacitance G 8.4246e F
PZT Internal Resistance R; 100 kQ
External Resistance R 30 kQ
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Table 3 Formulation

Variable Vector X={x;, %, 23 .25} "
Cost Function minimize {- AX)}
Variables Constraints | Ximin<Xi<Ximse (1=1,2,3,4,5)
Equality Constraint h(X)= w,
Unequality Constraint g(X)< —g%ﬂ

Table 4 Result of Optimization

Length 27.5mm 15mm
Thickness 0.5mm 0.25mm
Width 10mm 15mm
PowerOutput(total) 34.5 (N 85 N

Max Stress (N/m2)

15 . %
Length (mm) 0 4

Fig. 17 Maximum stress about length & width

Max Stress (N/mm2)

5 005 o1 Thickness (mm)

Fig. 18 Maximum stress about thickness & width
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