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Aerothermoelastic Analysis of Cylindrical Piezolaminated Shells
Based on Multi-field Layerwise Theory

[I-Kwon Oh*, Won-Ho Shin“, In Lee "

ABSTRACT

For the aerothermoelastic analysis of cylindrical piezolaminated shells, geometrically nonlinear finite elements
based on the multi-field layerwise theory have been developed. Applying a Han Krumhaar's supersonic piston
theory, supersonic flutter analyses are performed for the cylindrical piezolaminted shells subject to thermal
stresses and deformations. The possibility to increase flutter boundary and reduce thermoelastic deformations of
piezolaminated panels is examined using piezoelectric actuations. Results show that active piezoelectric actuations
can effectively increase the critical aerodynamic pressure by retarding the coalescence of flutter modes and
compensating thermal stresses.
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PZTs
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NOMENCLATURE

ab = pane! length, width

h
i

f;

v’

®'(2)

D S o

©

SR

;E\

maximum thickness of panels
Cauchy stress tensor
body forces

surface traction

density of structures
density of airflow
displacements

electric displacement vector

electric body charge
elastic material properties
dielectric constant

piczoelectric coefficient

thermal~-mechanical expansion coefficient

pyroelectric constants
electric field vector

temperature rise in k-th layer

electric potential

in-plane displacement at the J-th interface

transverse displacement

linear Lagrangian interpolation

radius of cylindrical shells

distance from x-axis to arbitrary point

shallowness angle

fiber angle

elastic modulus

reduced elastic modulus
reduced piezoelastic constant

shape function

unknown displacement D.OF. vector
mass matrix

linear stiffness matrix

first order nonlinear stiffness matrix
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KN2 = second order nonlinear stiffness matrix
K% = thermal geometric matrix
K’ = piezoelectric geometric stiffness
F* = thermal loading
F” = piezoelectric actuation forces
T = thermal load level
’11' = piezoelectric load level
ATcr,G = thermal buckling temperature under grounding
O = buckling mode shape
q = out-of-balance vector
Al = arc-length
w = frequency
B = aerodynamic pressure parameter
u = aerodynamic damping parameter
Y = curvature term of Hans Kurmhaar's piston

theory



