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Finite Element Analysis of Smart Composite Plates
Containing Piezoelectric Actuator

Jae-Hung Han' and In Lee™

ABSTRACT

Recently, distributed piezoelectric actuators have drawn attention due to their potential

applicability within smart structures. Because they serve not only as active components but also passive

components, it is difficult to estimate their characteristics accurately. In this study a finite element method

based on layerwise theory has been formulated to analyze the characteristics of the distributed

piezoelectric actuators. The present method has the capability to describe more refined strain distribution

and more realistic boundary conditions.
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Fig. 1 Composite beam with bonded piezo ceramics.
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Fig. 2 Natural frequency variations.
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Fig. 3 Inherent damping variations.
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Fig. 4 Modal actuation force variations.
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Table 1 Material properties.
Properties Graphite/  Adhesive Piezo
Epoxy Ceramic
E, (GPa) 130 1.78 59
E, (GPa) 9.6 1.78 59
G, =G,, (GPa) 4.8 - -
G,, (GPa) 32 - -
Vi 031 0.3 0.34
£ (Kg/m’) 1570 1050 7400
w, (%) 0.5698 4912 7.486
(%) 3.895 4912 7486
W, =y, (%) 5.101 4912  10.62
Wy, (%) 5.313 4912  10.62
ply thickness 0.1 0.05 02
(mm)
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Fig. 5 Composite plate with bonded piezo ceramics.
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Table 2  System parameters for the composite plate with distributed piezoelectric actuator.

Mode Number st 2nd 3rd 4th 5th
Mode
Shapes Y et i ;
Frequency | FSDT 890.97 17352 . 2649.9 3075.5
(Hz) LWPT 886.82 1722.2 1869.1 2620.8 3040.8
RBC” 832.30 15704 1774.8 24491 2837.3
Inherent FSDT 0.515 0.548 0.477 0.528 0.550
Damping LWPT 0.504 0.542 0.463 0.520 0.543
Ratio (%) RBC 0.464 0.494 0.427 0.481 0.513
Modal FSDT 0 0 0 0 0
Actuation LWPT 0 0 0 0 0
Force’ RBC 0.2028 0 0 0.0287 0.5550
(N1vJKg)

*

* %

: LWPT with RBC
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: Modal actuation force for fully covered piezoelectric actuator



