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In the present study, the parametric instability of a three layer sandwich beam with an embedded electrorheological

(ER) fluid core has been studied under various boundary conditions, namely fixed-fixed, pinned-pinned, fixed-free,

and fixed-pinned. The beam has been modeled using finite elements and the regions of instability have been

established using Saito and Otomi conditions. The ER core model is based on the pre-yield rheological properties

and is represented by the complex shear modulus. The sandwich model is based on shear configuration. The effects

of the electric field, shear parameter, and core thickness parameter on the fundamental frequency, fundamental

buckling load, and fundamental system loss factor have been investigated. The effects of different parameters,

such as the electric field, shear parameter, thickness parameter, and static load factor on the stability behavior of

the beam have been investigated. Increasing the electric field strength, core thickness ratio, and shear parameter has

a stabilizing effect for all the boundary conditions; by contrast, increasing the static load factor has a destabilizing

effect for these support conditions.
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1. INTRODUCTION

Electrorheological (ER) fluids transform to a solid-like gel

upon application of an electric field. The stiffness and damping

depend on the magnitude of the applied voltage. Winslow first

discovered ER fluid in 1949.1 Block et al. reported that the

change in material properties is reversible and occurs in mil-

liseconds.2 These reversible changes are a result of the chain

formation of micron-sized dielectric particles in nonpolar me-

dia under the applied electric field. When such chains are

formed, the magnitudes of the rheological properties of the ER

fluids change by several orders. Yield strengths of a typical ER

fluid are of the order of 10 kPa and 5 kPa under static and dy-

namic loading conditions, respectively, for electric fields (both

AC and DC) of the order of 3.5 kV/mm to 4.0 kV/mm. Coulter

reported the use of this innovative fluid in numerous engineer-

ing applications, including antivibration mounts, clutches, and

dampers.3 Weiss et al. presented a summary of the state of

research and development of ER fluid.4 Smart structures con-

structed with ER material can adapt to variable loading, reduc-

ing unwanted vibration. These structures are termed “semi-

active” because the applied voltage changes the stiffness and

damping coefficients in the governing equations of motion.

Sandwich beam-like structures with a viscoelastic material

core have been extensively investigated to study the vibration

controlling ability of viscoelastic materials. Kerwin was the

first to carry out a quantitative analysis of the damping effec-

tiveness of a constrained viscoelastic layer, and he obtained

an expression to estimate the loss factor.5 Ungar derived gen-

eral expressions for the loss factors of uniform linear compos-

ites in terms of the properties of the constituting materials.6

Di Taranto developed a theory to estimate natural frequencies,

loss factors for a finite length sandwich beam.7 Mead and

Markus carried out the forced vibration analysis of a three-

layer sandwich beam with a viscoelastic core and with arbi-

trary boundary conditions.8 They followed the method used

in an analysis conducted by Di Taranto. Rao included graphs

and equations in his work to estimate frequencies and loss

factors for sandwich beams under various boundary condi-

tions.9 Asnani and Nakra carried out forced vibration analy-

sis of sandwich beams with viscoelastic cores and with fixed-

fixed and cantilever-type end conditions.10 The forced vibra-

tion response obtained by applying the Ritz method matched

well with their experimental results. Johnson and his cowork-

ers used the finite element method to solve frequencies and

loss factors for beams and plates with constrained viscoelas-

tic layer.11, 12 Bhimaraddi solved both the resonant frequencies

and loss factors for a simply supported beam with constrained

layer damping using a model that accounted for the continu-

ity of displacements and the transverse shear stresses across

the interfaces of the layers.13 Banerjee studied the free vibra-

tion of a three-layer sandwich beam using the dynamic stiff-

ness matrix method.14 He calculated the natural frequencies

and mode shapes. Sun et al. developed a finite element model

to study the effect of an add-on viscoelastic layer in damping

and vibration control of unidirectional composite laminates.15
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