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Laminated smart shell structures; theory and analysis

T.M.B. Albarody & H.H. Al-Kayiem
Universiti Teknalogi PETRONAS, Bandar Seri Iskandar, Perak, Malaysia

ABSTRACT: Modeling of shells integrated with smart lamina and taking account of thermo-magneto-clectro-
elastic fields represents a challenge to be formulated and solved. In the present work, analytical model is proposed
based on Hamilton's variational principle linked with Gibbs free energy functions, The model is casted according
to the first-order shear deformation shell theory. The exact solution is derived for linearly constitutive properties,
simply supported, shallow shell having rectangular plane-form under static loadings. The effects of the material
properties, lay-ups of the constituent layers, and shell parameters on the free vibration behavior are investigated
and analyzed. The accurate treatment of thermal, magnetic, electric, and elastic energies that are taken into
account in this smart shell yields rather sophisticated equations for magnetic inductions, electric displacements
and stress resultants, Therefore, the introduced model is expected to provide a foundation w investigate the
interactive effects among the thermal, magnetic, electric, and elastic fields in smart shell structures.

I INTRODUCTION electric, magnetic, and thermal influences can be
approximated by;

A smart shell is athin-walled solid structure integrated

with piezoelectric, magnetostrictive and like materi- 3{2:;:..5.-‘.!5'} gy - 55T & _,jrx_-_rx 7, _ G 2

als. Smart materials are used to provide new features ; . - _

to shell structures used frequently in construction of  ~2¢(a, &, - 26518y, - 2440 ey t20508, 3 (1

spacecrafis and aerospace vehicles. In fact, the idea of 2556 12458y 1

developing adaptive structures 15 to creale new propern- Lo A e

ties that can be utilized in health monitoring, aside of

the structures designed for load supporting capability,. ~ where @ is known as the Gibbs free energy. The
Several accurate solutions have been found in the  constitutive relations are expressed formally as:

literature for multilayered piczoelectric and magne-

tostrictive plates. Some ofthem were found for special 3 MY EGT GT: _ET, _EG

cases ﬂl'FaI:l‘sanalys:i& Heyliger (1996) d&mgnil::amd S = (r‘f.,_,) =[Siia" & ~Clmsm it Xy ~ai Tl

the free vibration anabysis of the simply supported Fo=_ (,_-'g') -

(55) and multilayered magneto-electro-elastic (MEE) ¢~ A\ )™
lates under cylindrical bending. Then, Hevliger o . ; .
{P2m43~b] studig:l two cases of th% MEE p]amgsﬁwb- G =- (f) =[""$;rr£ﬂ *’f:igrfu "'-""’}T.';JX;. "'3’:'}'"'
jected o static fields, one under cvlindrical bending :‘5 o i T
only and the other completely traction-free under 7T =—(;) =[4" & +0358, +}'J§}'x‘, + ]

surface potentials,

In this paper, an analytical model of the smart shell
based on the first-order shear deformation (FOSD) 22 Kinematic relations
theory is presented. We examine mathematically the
interactive effects of the thermal, magnetic, electric
and elastic Nields on the vibration of the smart shell
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According to the FOSD shell theory, the following
representation of the 3D displacement, electric and

siruciures. magmetic potentials is postulated:
ule L Cn) =, (o B0+ 8y (o f0),
2 THEORETICAL FORMULATION v(a Sl =v,(af.0+dvylafir).
wia fLn)=w,(afhr), (3)

2.1 Constitutive Kelatfons

The thermodynamic potential @ of a i . epLn=- (8, +@(ap)
¢ thermodynamic ntial  of a lincar quasi-
static and reversible system subjected to mechanical, wlafln)=- (v..[“'ﬂ"]*ﬁ":{“'ﬂﬂ)'
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