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Abstract

In this paper, we study the biaxial buckling analysis of nonlocal MEE(magneto—electro-elastic) nano plates based on the
first-order shear deformation theory. The in—plane electric and magnetic fields can be ignored for MEE(magneto—electro-elastic) nano
plates. According to magneto-electric boundary condition and Maxwell equation, the variation of magnetic and electric potentials
along the thickness direction of the MME plate is determined. In order to reformulate the elastic theory of MEE(magneto-
electro-elastic) nano-plate, the nonlocal differential constitutive relations of Eringen is used. Using the variational principle, the
governing equations of the nonlocal theory are discussed. The relations between nonlocal and local theories are investigated by
computational results. Also, the effects of nonlocal parameters, in—plane load directions, and aspect ratio on structural responses are
studied. Computational results show the effects of the electric and magnetic potentials. These computational results can be useful in
the design and analysis of advanced structures constructed from MEE(magneto—electro-elastic) materials and may be the benchmark
test for the future study.

Keywords - Magneto-Electric-Elasticc MEE) materials, nano plates, nonlocal elasticity theory, biaxial buckling,
shear deformation theory
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Table 1 Material properties of MEE plate

Properties BiTiO4;~CoFe,0,
Cy 226
A e 124
Elastic(GPa) e 216
Cn 44
Piezoelectric(C/m?) eq -2.2
Piezomagnetic(N/(Am) fa 290.2
Dielectric(107°C%/(Nm?)) B 6.35
Magnetoelectric (10 Ns*/(VO)) | gy 2737.5
Magnetic(10° Ns?/C%) Ky 83.5




Fig. 1 Geometry of MME nano plate
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Table 2 Buckling loads for MEE plates

Side to thickness ratio(a/h)
P, 10
Li 2014 Park and Han 2017 Present
A=0 2.9747 2.9786 2.9783
A=0.5 1.9831 1.9858 1.9855
A=-0.5 5,9494 5.9573 5.9566
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Fig. 4 Nondimensional buckling loads, versus aspect
ratio, for MEE nano plate with various nonlocal
parameters( 1, =, =0, a/h=10)
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Fig. 5 Nondimensional buckling loads, versus aspect
ratio, for MEE nano plate with various nonlocal
parameters( 1, =2, =0, ¢/h=10)
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Fig. 6 Nondimensional buckling loads, versus aspect
ratio, for MEE nano plate with various nonlocal
parameters( 1, =50, 2, =0, a/h=10)
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Fig. 7 Nondimensional buckling loads, versus aspect
ratio, for MEE nano plate with various nonlocal
parameters( 1V, =50, 2, =0, a/h=10)

Fig. 63 Fig. TellA= A947F 5091 792 ®u =
Y 91go] BAld Zgate A9k 209 hEo] Zgat
735l st B89tk [9lE #AFoteS vhsh A
A7l B3 YEITE @4u17E 0.490 A9 FEsksol
o 13%8 = At Mee A-H7-8A Uiedte]
Adgs e A 4 F AATh
e heste] A9 v R ) 7E 0.290 7ol
. A 7b 0. 180 2o
735l 2tz 357t vie dido] BAEtATh 99t
Hl= A4 nf7fge] gL Ejtelo] e Fart vk Zle R
AT} ol g A2 B4 oJn|E metabr] 7t & a4

ol i
fr &

>

S
ox
rulo

N

N

B
>,

Nt

rir



b/a

Fig. 8 Nondimensional buckling loads, versus aspect
ratio, for MEE nano plate with various nonlocal
parameters( 1, =0, 2, =5, a/h=10)
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Fig. 9 Nondimensional buckling loads, versus aspect
ratio, for MEE nano plate with various nonlocal
parameters( 1, =0, 2, =5, a/h=10)

24917} 51 52l W k=3 Hu o] FAlell A5k
735t 293 bsol Ashe Al tiste] Fig. 83 Fig.
99llA AT A= 4%’494 29 Hz=oksE A St
A71e &3 deERige 978v17t 0.4%1 A5 FH=sksol
o 2.5MAE STk M% A7 e
e s7HIIE 98 dde A € 5 A

7

Zpelell elgt el S7rEIE Al < e i

bla
Fig. 10 Nondimensional buckling loads, versus aspect
ratio, for MEE nano plate with various nonlocal
parameters( 1, =50, 2, =5, a/h=10)
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Fig. 11 Nondimensional buckling loads, versus aspect
ratio, for MEE nano plate with various nonlocal
parameters( 1V, =50, 2, =5, a/h=10)
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