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HIGHER ORDER ZIG-ZAG PLATE THEORY FOR COUPLED
THERMO-ELECTRIC-MECHANICAL SMART STRUCTURES

Jinho Oh, Maenghyo Cho
KEY WORDS : Coupled theory, Uncoupled theory, Zig-Zag theory, Piezoelectric(% A 31%)
ABSTRACT

A higher order zig-zag plate theory is developed to refine accurately predict fully coupled of the
mechanical, thermal, and electric behaviors. Both the displacement and temperature fields through the
thickness are constructed by superimposing linear zig-zag field to the smooth globally cubic varying field.
Smooth parabolic distribution through the thickness is assumed in the transverse deflection in order to
consider transverse normal deformation. Linear zig-zag form is adopted in the electric field. The layer-
dependent degrees of freedom of displacement and temperature fields are expressed in terms of reference
primary degrees of freedom by applying interface continuity conditions as well as bounding surface
conditions of transverse shear stresses and transverse heat flux The numerical examples of coupled and
uncoupled analysis are demonstrated the accuracy and efficiency of the present theory. The present theory is
suitable for the predictions of fully coupled behaviors of thick smart composite plate under mechanical,
thermal, and electric loadings.
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Material property Material property

PZT-5A layer Graphite-epoxy layer
E=63x10° E,=144.23x10°
E;= E, =63x10° Er=9.65x10°
G2=24.6x10° Gy=3.45%10°
Gis= Gy3=24.6x10° Gqr=4.14x10°
v 1,=0.28 vi7=0.3
V 13=V 33=0.28 v 11=0.
0y =06,=0.9%10'6 o =1.1x10°
Q33=0.9x10° 0y, =25.2x10°
d3;=150x107"

d3,=150x10""?
d33=-336.8x10""2
dpa-=-513x10""

d;5=-513x107"2

K, =2.1 K, =4.48
Ky =2.1 K, =3.21
K33=2.1 K3;,=3.21
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