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Numerical Analysis of Deformation Mode of Flexible Plate-Type Piezoelectric Module
for Evaluating Characteristics of Electrical-Energy Generation
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Piezoelectric materials are well-utilized for transforming mechanical vibrations into electrical
energy that can be stored and used to power a diversity of devices. In this work, these materials
have been studied to improve the efficiency of a piezoelectric system, whereby the shape and
vibration mode of a piezoelectric module was changed. The basic shape of the piezoelectric
module used in this work comprises a width of 10 mm, a length of 30 mm, and a thickness of 0.2
mm. The structural design of the piezoelectric module is optimized using a Taguchi method to
increase the corresponding electrical-energy generation. The maximum terminal voltage was
defined as a characteristic value to evaluate the optimal design parameters. Through this work,
we propose an optimal structure with an eccentric and centric mass,; furthermore, the voltage
increase of approximately 26% was obtained by comparing a general plate-vibrating piezosystem
with an optimal plate-vibrating piezosystem.

KEYWORDS: Piezoelectric material (Z|0l| Z= =%&), Electrical energy generation (& 7| 27), Optimal structure (£| & & &),
Vibration modes (21 SZE)

71549 d = piezoelectric constant
&’ = permittivity
S = strain V = voltage
T = stress O = quantity of electric charge
D = density of line electricity E = electrical energy
E = electrical field
s = compliance 1. ME8
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Table 1 Peak acceleration and frequency in various

mechanical systems

Systems a(m/s®) | f(peak, Hz)

Car engine 12 200
Car outer panel 3 13
3-axis machining system 10 70
Compact disc driver 0.6 75
Hair dryer 3.5 121
Microwave oven 2.5 121
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! Variable A i i
Variable C ar(1]a)1 )e Variable D Table 2 Design parameters and their levels
(m1) - (m2) A(DI1) B(D2) C(ml) D(m2)
1-level 0 mm 0 mm 00g 00g
Variable B 2-level | I5mm | 15mm 05¢g 05g
Substfate (D2) 3-level | 30 mm | 30 mm 1.0g 1.0g
C -shaped v
;r;zs ;;Eg;r:ehke , Fied fongh Table 3 Orthogonal array and analysis results
PZT (30 mm) Cases Analysis result (voltage)
length 1 18.36
2 27.74
width K Fixed end 3 27.14
Fixed width 4 34.97
(10 mm) .
5 24.14
Fig. 4 Variables for optimization of structure and mass 6 18.85
position of a piezoelectric plate 7 26.26
8 28.31
Case-1 9 15.17
(AL,
substrate zj [
mass(m2) _y piezo-plate ; 30 °
_¢—mass(ml) = gz e * o — o
8-, Moute . o
*_.5 2 . [ ]
e .
16 )
1 2 301 2 31 2 301 2 3
A B C D

Design parameters

Fig. 6 Sensitivity of design parameters
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Optimum-1
(AZ-BI-€2.D3)
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Fig. 7 Selected optimum design cases; Optimum-1 and
Optimum-2
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Fig. 8 Schematic models for measuring displacement of
(a) long (long-model) and (b) short (short-model)
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Fig. 9 Results of displacement measurement of two cases
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