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Shape Estimation for the Control of Composite Smart Structure
Using Piezoceramics

Sung Kyu Ha, Young Soo Cho and Juhn Ho Park
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Abstract

A method is proposed to predict the deformed shape of the structure subjected to the unknown
external loads using the signal from the piezoceramic sensors. Such a shape estimation is based
on the linear relationship between the deformation of structure and the signal from sensor, which
is calculated using finite element method. The deformed shape is, then, calculated using the linear
matrix and the signals from the piezoceramic sensors attached to the structures. For the purpose,
a structural analysis program is developed using a multi-layered finite element of 8 nodes with 3
displacements and one voltage degrees of freedom at each node. The multiple layers with the
different material properties can be layered within the element. The incompatible mode with the
element is found to be crucial to catch the bending behavior accurately. The accuracy of the
program is, then, verified by being compared with the experimental results performed by Crawley.
The proposed shape estimation method is also verified for the different loads and sensor size. It
is shown that the results of shape estimation method using the linear matrix well predicts the

deflections compared with those of finite element method.
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X y; : Location of Fictitious Force f; (i=1,2,-,n)
® X Location of Shape Estimation Point (j=1,2,--,m)

Piezoelectric Sensor

Composite Smart Structure
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fi Displacement to Be Estimated (i=1,2,--.,n)
V; : Voltage from Seasors (i=1,2,--,n)
1. Displacement of Shape Estimation Points (j=1,2,.-.,m)
Fig. 2 Shape estimation model of composite smart
structure with distributed piezoelectric sen-
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Cross Section A-A
0.25 mm
5.1cm 25cm 0.83 mm
A -

["] Composite Plate

Piezoceramic Actuators

®  Proximity Sensors

C=152cm

Fig. 3 Description of the experimental set-up by
Crawley’s cantilevered composite plate
containing surface-bonded distributed pi-
ezoelectric actuators

Tabel 1 Material properties of PZT G1195N piezoceramics and gr/epoxy unidirectional composites

Piezoceramics T300/976
Young’s moduli (GPa)
Eux 63.0 150.0
Eyy=E. 63.0 9.0
Poisson’s ratio
Vxy = Vxz 0.3 0.3
Yoy = Vyz 0.3 0.3
Shear moduli (GPa)
Gy =Gy 24,2 2.50
Gy 24.2 2.50
Density (kg/m?)
p 7600 1600
Piezoelectric strain constants (pm/V)
da=d, 254 0
dys 584 0
d.s 374 0
Electric permittivity (nf/m)
§&=53=15.3 0
& 15.0 0
Thermal expansion coefficient ( m/m<T)
@ 0.9 L1 -
=0, 0.9 25.2
First mode damping coefficient, 7 0 2.5X10-4
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