293-285 oo d o loabs 45 095 (1394 (133 598 ()0 il (w iy Alxo

gy ele dolinle =
= —
4 . A
O3 Sl (qwiigo = 5
mme.modares.ac.ir j,.;‘g;:%;

088l m guile Wilmio W (G4 o bl § ot i (G130 Skl ) g
JC 5909559 3l Jbw G4V U

2 . Lo*l L, )
G paaa  jaa TG ol ) Juls
Ao Mo g, olSild ¢ (SlKe wipe bl =1

Mg gt (o3, olSily (SSlKe i «(5,58 (sgmiily =2
jrezaeep@um.ac.ir 91775-1111 iy Godio ciputo *

saSs dlie YL

gl o205 w00 53 o) 2 590 ST Sl Sl &Y b Ly (jnels (gl Clio (b b (oIS i)l dlias o ooy, e
Jho 8, momo gilodie @y ol Spo Gl (e gl S5 M UL L g calSy e b Sy g 4 1393 903 30 8t »
5 51 oSy lala S ol S8 & 5 il KaD Jie e o s > S0 s D
Jol Jloel U 398 oo oalisil (Soliydg pl JLid (135l Cawd 41 (glp Oigitans Jgl 580 (6395 J1 2980 485 )5 )3 S (sla S T

&l ol s . . . . . B ls ks

4 oloj 5059 > Slogss (655 LS5l gy Bayb 5l Fewly (w9 0 glySeinl C8 s Yol dgame sl gy il e3latul ¢ ygilien ot u“)‘} "
A it o s : o) . e JEeilss sl L

oSSl e @l 3106 o dlllas (2o gbile (gaomio i)l HL8, 5 JG5665,9 Sl gy 3l eods by p pd bl o o i e sl

Jlos! b 2030 (s gl 350 o IS Lol ) s oo 2 550 bl 5 4y K25 JISeig5,5580 s Cuslies sl i

5 N Sl g SBS] (gl Ll el 0 2900 (g JB ygb 40 LIS Sl alywe « J505800 80 saY r (SosUl Gl

dgdze sl b,

A nonlinear study on transient vibration and limit cycle oscillation of
composite sandwich plates with electrorheological fluid layer
Jalil Rezaeepazhand*, Jafar Rahiminasab

Department of Mechanical Engineering, Ferdowsi University of Mashhad, Mashhad, Iran.
*P.0.B.91775-1111, Mashhad, Iran, jrezaeep@um.ac.ir

ARTICLE INFORMATION ABSTRACT

This paper deals with the nonlinear transient vibration of composite sandwich plates with an
electrorheological (ER) fluid core. The initial excitation is a distributed transverse load or the
flutter instability due to supersonic airflow. The Bingham plastic model is adopted to accurately
model the post-yield behavior of the ER material. . The first order piston theory is used for
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evaluating the aerodynamic forces. The von Karman strain-displacement relations are employed
to account for moderately large deflection. The Hamilton's principle is applied in conjunction with
the finite element method to derive the equations of motion. The solution is then obtained
through use the Newmark time integration scheme. Numerical investigations are conducted to
study the effect of ER core layer on the vibration characteristics of the sandwich plate. The
influence of the electric filed strength, ER core thickness, initial excitation and the boundary
conditions on the settling time of transient vibration are also examined. The results show that the
damping of transient vibration is significantly improved as the electric field applied to the ER
layer, but the amplitude of post-flutter oscillations remains unchanged.

Keywords:
Electrorheological fluid
Nonlinear vibrations
Sandwich plate

Finite element method
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2- Constrained damping layer
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