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A B S T R A C T

T hree dimensional (3D ) exact analytical solutions for static piezotherm oelastic response o f some piezo­

electric and hybrid (cross-ply substrate with piezoelectric layers) plates and shells are presented. The 3D 

strain-displacem ent relations, electric field-potential relations, thermal, force and charge equilibrium equa­

tions and the coupled piezotherm oelasticity constitutive equations, are solved subject to the exact satisfaction 

o f the boundary conditions o f  the structure and the interface conditions in the case o f multilayered struc­

ture. T he solution also involves determ ination o f the unknown extraneous charge densities at the interfaces 

where prescribed potential or potential difference is applied. The 3D solutions are used to assess two dimen­

sional (2D ) uncoupled classical lam ination theory (C L T  and C S T ), and first order shear deform ation theory 

(F S D T ) o f  plates and shells, using F lugge’s approxim ations for the latter. The 2D solutions are used in 

the 3D equilibrium equations and strain-displacem ent relation to obtain  transverse stresses and an improved 

value o f deflection. T h e inverse problem s o f estim ating the pressure or tem perature field from  the measured 

potential difference are solved. T he effect o f  geom etrical param eters is ascertained on through-the-thickness 

variations o f  various entities, and the feasibility o f  reducing the deflection and stresses by proper actuation 

is studied. Effectiveness o f  various actuation  schemes for shape control is exam ined for rectangular plates 

and cylindrical panels. O rthorhom bic materials o f  crystal class m m 2 /  class 6m m  are considered.

Plane strain solution for cylindrical bending and 3D solution o f  simply supported rectangular plates 

are presented using analytical solution  o f  the governing differential equations with constant coefficients. 

Levy-type solution is also presented for rectangular plate with two edges simply supported using a mixed 

form ulation of uncoupled F S D T  and CLT. The plane strain solution  o f cylindrical bending o f  simply sup­

ported cylindrical panels is presented using analytical solution o f  Euler-Cauchy form  o f governing equations. 

The 3D solutions o f  sim ply supported , finite cylindrical shell under axisym m etric and general load are pre­

sented, wherein the governing differential equations with variable coefficients are solved by the modified 

Frobenius m ethod using a product o f  an exponential function  and a power series. The 3D axisymmetric 

solutions are presented for (1 ) a finite, transversely isotropic, axially polarised, piezoelectric cylindrical shell, 

(2) a transversely isotropic piezoelectric clam ped circular plate and (3) a hybrid clam ped circular isotropic 

elastic plate bonded to a transversely isotropic piezoelectric plate using potential function m ethod.

It is concluded from  the results that the effect o f the thickness o f  the structure on the through-the- 

thickness distributions o f various entities depends on  the nature o f load and the geometry. The distributions 

tend to  be piecewise linear or uniform  as the number o f  layers increases or the structure becom es thin. 

The potential in the actuator o f  the hybrid structure has almost linear variation across its thickness. The 

deflection and the m axim um  stress in the substrate due to thermal and pressure load can be reduced by 

suitable actuation. A n actuated layer is most effective for shape control, when placed on the loaded surface 

o f  the structure. T he error in 2D theories is less for the m echanical load than the thermal or potential load.

in
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