[ Downloaded from mme.modares.ac.ir on 2023-03-22 ]

[ DOR: 20.1001.1.10275940.1394.15.3.11.1 ]

397-387 Yoy 3 o yleuds 15 0,95 1394 31353 ()0 SulKo wIigo Alxo

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

4 50 (Sgh S 4 & 519 3 S Y b e (b Sy il (Ml fo

GOg08 9 (o S il SV

*26..\4;‘2“ b.al.; uLuJ."..\.m. ‘lb.uﬁ A0 yo
Ao Mo w93, olSutly ( SSlSe pwtine oS> (ggomiily =1

Ao Mo a9y oLl ( SKSle putipe bkl =2
jaami-a@um.ac.ir 9177948974 ., sodio cipute *

saSe dlis cleyb!

50 S Slssn Y 93 b poye 8 Kilacon 3lge 5 (2l z e dlge iz 5l Y wim  Llatis 3)5 (oS i ol yo Jol iy allie

Ay $ys8 sl 2 Gy 2 ST Sl S¥ole el ABF J1E sy 0550 iy e g 5L Slae Glacdl jo Gl 9 YL

1393 1130 2cdl,»
1393 5518 iy

J> so3em o ilens] oo 4 JeuSle galolre g Jwily (65,50 JBlas Lol 5l ool b 0508 g (oByp JSb usd YU 1393 oo 25 feules 5 4,
S o psie lp LS 3550 salslas (lsie @ JouSle dslae 5l oS iUl g5 ey Jl (o) jslare a4 (S Sl . u[f)/},u{
R b Jols c¥olas sl zlysiiud 59 p oSl 6 lmul SYolee o Soluon Jobs jLixe 51 oolicil b .ol oy odliciu les” s
)'\ o= ‘UL\L\ B loaus sols WLJ LS")?U &La:)lg 9 Gl 00 J> GL“l’” Oygo & (§)9 sad )LQ:; 2 Sy oolw o5 bz sosle
Job a4y e S e onli e so3le g aile Cilitzee slasal)l Sl slp (sooe gulis wad &) @l Cono (o) @ﬁn a5 w\a.j
552 505 £55 5 (635, Ll i like o e e 3 3l ke (Sladlo (85 Caslind S 1T 50y (oY Cedlis @8 s A Kb B SV 05

el 453,53 aalllao 8 90 Slisi b kS Sy 5l S

Analytical solution based on higher order shear and normal deformation
theory for Buckling of functionally graded plates with piezoelectric layers

Morteza Ghasemi, Abdolrahman Jaamialahmadi*

Department of Mechanical Engineering, Ferdowsi University of Mashhad, Mashhad, Iran.
*P.0.B. 9177948974 Mashhad, Iran, jaami-a@um.ac.ir

ARTICLE INFORMATION

ABSTRACT

Original Research Paper

Received 21 November 2014
Accepted 08 January 2015
Available Online 14 February 2015

Keywords:

Buckling analysis

Functionally graded material
Piezoelectric layer

Higher Order shear and normal
deformation theory

In this article, the buckling of multilayer rectangular thick plate made of functionally graded,
transversely isotropic and piezoelectric materials in both closed and open circuit conditions is
investigated. Based on the higher-order shear and normal deformable plate theory, the governing
equilibrium equations are obtained using the principle of minimum total potential energy and
Maxwell’s equation. Using an analytical approach, the governing stability equations of functionally
graded rectangular plates with piezoelectric layers have been presented in terms of displacement
components and electric potential. In order to obtain the stability equations, the adjacent
equilibrium criterion is used. The stability equations are then solved analytically, assuming simply
supported boundary condition along all edges. Finally, following validation of the results,
numerical results for compressible materials are presented. Also, the effects of different
parameters such as different loading conditions, functionally graded power law index, thickness-
to-length ratio and aspect ratio on the critical buckling loads of plates are studied in detail. The
influences of the mentioned parameters on the critical buckling load have been presented in some
figures. Furthermore, the effect of piezoelectric thickness on the plate critical buckling loads has
been studied.
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factor of FGM plates using MLPG method, Modares Mechanical
engineering, Vol. 13, pp. 138-150, 2013. (in Persian)

[9]1 M. Raoufi, S. Jafari Mehrabadi, S. Satouri, Free vibration analysis of 2D-
FGM annular sectorial moderately thick plate resting on elastic
foundation using 2D-DQM solution, Modares Mechanical Engineering,
Vol. 14, No. 15, pp. 299-306, 2015. (In Persian)

[10]J. S. Yang, R. C. Batra, conservation laws in linear piezoelectricity,
Engineering fracture mechanics, Vol. 51, pp. 1041-1047, 1995 .

[11]J. S. Yang, R. C. Batra, A second-order theory for piezoelectric materials, /
Acoust Soc Am, Vol. 97, pp. 280-288, 1995.

[12]J. S. Yang, R. C. Batra, theory of electroded thin thermopiezoelectric
plates subject to large driving voltages, A J ADDI Phys, Vol. 76, pp. 5411-
5417,1994 .

[13]R. C. Batra, S. Vidoli, Higher-order piezoelectric plate theory derived
from a three dimensional variational principle, AIAA Journal, Vol. 40, pp.
91-104, 2002.

[14] A. Keshmiri, A. Ghaheri, F. Taheri-behrooz, Buckling and vibration of
symmetrically laminated composite elliptical plates resting on
winklertype foundation subjected to initial in-plane stresses, Modares
Mechanical Engineering, Vol. 14, No. 1, pp. 19-26, 1393. (In Persian)

[15] S. Abolghasemi, H. R. Eipakchi, M. Shariati, Analytical solution for
buckling of rectangular plates subjected to non-uniform in-plane loading
based on first order shear deformation theory, Modares Mechanical
Engineering, Vol. 14, No. 13, pp. 37-46, 2015 (In Persian)

[16]M. A. Ghasemi, M. Yazdani, E. Soltan Abadi, Buckling behavior
investigation of grid stiffened composite conical shells under axial
loading, Modares Mechanical Engineering, Vol. 14, No. 15, pp. 170-176,
2015 (In Persian)

[17]N. Wu, Q. Wang, S. T. Quek, Free Vibration Analysis of Piezoelectric
Coupled Circular Plate with Open Circuit, Journal of Sound and Vibration,
Vol. 329, pp. 1126-36, 2010.

[18] V. Birman, L. W. Byrd, Modeling and Analysis of Functionally Graded
Materials and Structures, ASME Journal of Applied Mechanics, Vol. 60, pp.
195-216, 2007.

[19] N. Jalili, Piezoelectric-Based Vibration Control, pp. 131-133, Springer,
2010.

[20] R .C. Batra, Higher-order shear and normal deformable theory for
functionally graded incompressible linear elastic plates, Thin-Walled
Struct, Vol. 45, pp. 974-982, 2007.

[21] Q. Wang, S. T. Quek, C. T. Sun, X. Liu, Analysis of Piezoelectric Coupled
Circular Plate, Smart Material and Structures, Vol. 10, pp. 229-239,
2001 .

[22] F. J. Reitz, J. R. Milford, R. D. Christy, Foundations of Electromagnetic
Teory, pp. 424-430, 2003.

[23]J. N. Reddy, Energy Principles and Variational Methods in Applied
Mechanics, John Wiley, New York, 1984.

[24]D. O. Brush, B. O. Almorth, Buckling of bars plates and shells, McGraw-Hill,
New York, 1975.

[25] S. A. Sheikholeslami, A. R. Saidi, Vibration analysis of functionally
graded rectangular plates resting on elastic foundation using higher-
order shear and normal deformable plate theory, Composite Structures,
Vol. 106, pp. 350-361, 2013.

[26] R. Javaheri, M. R. Eslami, Buckling of functionally graded plates under in-
plane compressive loading, Z Angew Math Mech ZAMM, Vol. 82, No. 4, pp.
277-283,2002 .

397

10
! . Sl sle sl (g 55m SIS
9 \ W e 5l (g 95m S
\\.‘ i u.z:u.u;,!)n
8 ¢
N\
\ o
7+ N
\ .
aS %
6 |- N -
N
N
\, -
\ ~
5 L ™~ s
N Lo
N -
. e
- —d
4 .
N
3 =
= - - - L - - it ' — PR yom; | it - - s W— - - P |
0 0.1 0.2 0.3 0.4 0.5
hp/2h

S 550 1 bl Comd oo s oy S Sl b Sl s T S
(R=1, N=5, a/b=0.5) iy 5 5l ,loe =l

&=1w-8

[1] J. N. Reddy, A simple higher-order theory for laminated composite plates,
Journal of Applied Mechanics, Vol. 45, pp. 745-52, 1984.

[2] R. C. Batra, S. Vidoli, Higher order piezoelectric plate theory derived
from a three-dimensional variational principle, AIAA Journal, Vol. 40, pp.
91-104, 2002.

[3] S.Shariat, M. R. Eslami, Buckling of functionally graded plates under in-
plane compressive loading based on the first order plate theory, Fifth
international conference on composite science and technology, Sharjah,
UAE, 2005.

[4] M. Mohammadi, A. R. Saidi, E. Jomehzadeh, Levy solution for buckling
analysis of functionally graded rectangular plates, Applied Composite
Materials, Vol. 17, pp. 81-93, 2010.

[5] M. Mohammadi, A. R. Saidi, E. Jomehzadeh, A novel analytical approach
for the buckling analysis of moderately thick functionally graded
rectangular plates with two simply-supported opposite edges,
Mechanical Engineering Science, Vol. 224, pp. 1831-1841, 2009 .

[6] M. Bodaghi, A. R. Saidi, Levy-type solution for buckling analysis of thick
functionally graded rectangular plates based on the higher-order shear
deformation plate theory, Applied Mathematical Modelling, Vol. 34, pp.
3659-3673,2010.

[71 M. H. Ebrahimi, M. M. Najafizadeh, Free vibration of two-dimensional
functionally graded circular cylindrical shells on elastic foundation,
Modares Mechanical engineering, Vol. 13, pp. 27-38, 2013. (in Persian)

[8] A. Abdollahifar, M. R. Nami, Investigating the effect of angle between the
material gradation direction and crack on mixed-mode stress intensity

3 oolaib 15 055 1394 s 3 (Hurde Slle Swdise


https://dorl.net/dor/20.1001.1.10275940.1394.15.3.11.1
https://mme.modares.ac.ir/article-15-2681-en.html
http://www.tcpdf.org

