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Abstract

In this work, two-dimensional asymptotic theories are presented for modeling and analy-
sis of electroelastic structures in different operational regimes with application to design
of actuator and sensor devices. Three types of electroelastic materials, namely, piezoelec-
tric materials, flexoelectric materials and dielectric elastomers are analyzed for different
transducer applications. The two-dimensional models are developed specifically for each
material based on the type of electromechanical coupling and requirements of the appli-

cation.

Piezoelectric materials are explored for the design of torsional and transverse shear
sensors using a novel non-polynomial electromechanical shell theory. The 2D shell theory
is utilized to analyze piezoelectric shear sensors made of low symmetry materials with
simple patch geometries in different operating modes. The electric potential and displace-
ment fields are assumed to be inverse-hyperbolic functions of the thickness coordinate. A
new computationally efficient C° continuous deep shell finite element framework is devel-
oped starting from the principle of minimum potential energy and additional continuity
requirements are imposed through the use of penalty parameter approach. The results
are verified by comparing with 3D FEM results. It is also observed that the inverse-
hyperbolic theory has higher accuracy compared to the third-order polynomial theory for
same number of degrees of freedom. Parametric studies are subsequently performed to
analyze the effect of geometric parameters and loading conditions on the sensor response

of piezoelectric shell structures.

Flexoelectric materials are analyzed using a novel gradient electromechanical the-

ory that incorporates both direct and converse flexoelectric effects. The two-way coupled

Vil



Abstract

electromechanical theory is developed starting from a 3D variational formulation by con-
sidering an electric field-strain based free energy function. The formulation incorporates
mechanical as well as electrical size effects. This theory is used to analyze flexoelectric
beams and plates in actuator and sensor modes. A novel C? continuous finite element
framework is developed to solve the beam and plate governing equations. Our finite ele-
ment results are verified with analytical solutions for simply-supported boundary condi-
tions. The computational framework is subsequently used to perform various parametric
studies to analyze the effect of electrical and mechanical length scale parameters and ge-
ometric parameters on the response of the flexoelectric structures. Our simulation results

also agree well with the trends observed in recent experiments.

Finally, dielectric elastomers are analyzed for the design of soft membrane actua-
tors. The membrane actuators are modelled using an O(h) non-linear membrane theory
incorporating finite deformations. Specifically, the deformations in circular and cylindri-
cal membrane actuators are analyzed under applied pressure and electric field. The limit
point instability in electroelastic membranes due to applied loads is also investigated as
these instabilities can lead to failure in dielectric elastomer actuators due to dielectric

breakdown.

In summary, two-dimensional frameworks applicable for the computational design
and analysis of dielectric electroelastic materials based actuators and sensors are devel-
oped in this work. The utility of these models is demonstrated by applying it to different

devices based on the regime of operation.
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