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Modeling on Structural Control of a Laminated Composite Plate
with Piezoelectric Sensor/Actuators
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Abstract

A finite element formulation of vibration control of a laminated plate with piezoelectric sensor/
actuators is presented. Classical lamination theory with the induced strain actuation and
Hamilton's principle are used to formulate the equations‘of motion of the system. The total
charge developed on the sensor layer is calculated from the direct piezoelectric equation. The
equations of motion and the total charge are discretized with 4 node, 12 degrees of freedom
quadrilateral plate bending elements with one electrical degree of freedom. The mass and
stiffness of the piezoelectric layer are introduced by treating them as another layer in laminated
plate. Piezoelectric sensor/actuators are distributed, but discrete due to the geometry of elec-
trodes. By defining an i.d. number of electrode for each element, modelling of electrodes with
variable geometry can be achieved. The static response of a piezoelectric bimorph beam to
electrical loading and sensor voltage to given displacement are calculated. For a laminated plate
under the negative velocity feedback control, the direct time response by the Newmark- 8 method
and damped frequencies and modal damping ratios by modal state space analysis are derived.
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Table 1 Material properties of composite materials and piezoelectric materials

Graphite/Epoxy PZT PVDF

E 98.E9 N/m? St 16.4E-12 m%*N E 2.0E9 N/m?
E, 79E9 N/mz S12 ~5.7E—~12 mZ/N £ 2.0E9 N/m2
Gz 5.6E9 N/m? S33 18.8E—12 m?*/N Giz 7.75E8 N/m?

¢ 0.125E—3 m S5 47.5E—-12  m*/N ¢ 0.5E-3 m
Viz 0.28 dsy ~-171E—12 C/N y 0.29

0 1520 kg/m? dss 374E—-12 C/N 0 1800 kg/m?
P1 0.0045 dis 584E—12 C/N ds1 22E—-11 C/N
P2 0.0420 en/ &’ 1730 En 1.062E—10 F/m
P12 0.0706 €33/ & 1700 & 1.062E—10 F/m

e 7700 kg/m? E33 1.062E—10 F/m

a . & is the pemittivity of free space(g,=1/(36710°) Fm™)
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Table 2 Comparison of problem size and computation time

Method Node No.of D.O.F. /30
No. Structure Electric Total
Tseng!® 36 108 36 144 419904
Present 12 36 5 41 15552
Ratio (%) * 33.3 33.3 13.9 28.5 3.7

a . computation time is dependent on the operation number n3/3 when a linear matrix equation of order

n is solved by LU method

b . Ratio= (Quantity in Present low)/(Quantity in Tseng low)
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