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I. INTRODUCTION

applications such as aerospace, automotj
ﬁt?gn’pmicrs)electronics, structural, and bzg?;lrrgei’nggziv;r
nd properties that are unobtainable in conventiomﬁ
. cering mater}als. These appligations require mutually
adlusive properties to have resistance against thermo-
mechanical stresses as well as chemical stability. The need
fr propety distributions is found in a variety of common
! s that must have multiple functions, such as gears,
hich must be tough enough inside to :wnthstand the fracture
i must also be hard on the outside to prevent wear.
iy, a turbine blade should also possess a property
jsibution; the blade must he Sough o WilisAnD. W
wing but it must also have a high melting point to

Jilsiand high temperatures on the outer surface...

MEE material is a new material that shows the full coupling
kween magnetic, electric, elastic fields, anfi the ma_gneto-
detic effect. In which, the magneto-clectric effect is the
feiomenon where a magnetic polarization occurs due to an
dketrc field and vice versa. It is thanks to these propertics that
MEE is scen to be a smart material that has the ability to change
wersibly their properties to respond to e).ctemal cnvut.)mélelnd&ts
swth s stress, temperature, moisture, electric or magnetic e‘ety
EE has received considerable interest because of awide va:ml
o plications in sensors, civil structures, aerospace €O
sems, and medical devices 1

Ao, considered a new type of materta : ;Gmo‘;;;m::]ts
Wy advantages compared to convcnuonh  iation in
mposite materials. FGM may be used by ¢ e resulting in
"mysition and structure fought OVET wl:'“:;\: material, of
Msponding changes in the propertics ©
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ent wi " Fun I ed Materials (FGM) core
o) “‘l‘: :‘,:c :ttlll:dlted in this paper for the nonlinear (li‘;v?mmic
Performance a dMEE materials have been recciving special
for Pl s an cou;?led behavior under thermal, electric,
e2¢ tw mat ng lm-ateml response to deformation, dynamic
basic ¢ “at_ena S in the sanfiwmh plate model is expected to
: andqu, tons for the nonlinear dynamic buckling problem
! e effects of geometrical parameters, temperature,
Wwh in the numerical results

gfhefWiSC. FGM gives the opportunity to take the benefits of
ifferent material systems e.g. ceramics and metals,

simultancously provide a thermal barrier and reduced
residual stress coating [2].

If the experimental studies are not included, the theoretical
studneg of material can be divided into two groups: research by
numerical methods and research by an analytic method. Each
method has its own advantages and disadvantages. For the
analytical method, the equations and the computation process
will become very complex. However, the benefits of this
method were that the obtained results are explicitly stated in
terms of the input parameters of the material and the structure,

5o when we change these parameters, we can actively control
the behaviors of the structures.

Research on MEE or FGM has received a lot of attention
from scientists, including the authors or groups such as [3-
10]. However, studies on MEE or FGM sandv{ich structure
are still very limited. Some studies can be mentioned sqch as
[11-13]. It is easy to sec that most of the resea_rch mentioned
above is solved by the numerical method: while t}\e_number
of studies is solved by analytic methods is very limited. So,
this suggests that more research on sandwich structures 1

still needed.

+ 10 an analytical method based on glassxcal pla%c\
theol?';, Lll}i;nipon focz;es on siudyi‘ng the nonlfr!eata‘r dyn::‘:l‘;
buckling of the sandwich plate with two MEE s:?,‘ w:temal

d FGM core layer subjected to the combination x :ii =
N thermal, electric, and magnetic loads. In addition to
i ifal su;vcy results, the comparison r?su)lgs are also
g\hzz‘:\“;f\r the results section 10 assess the reliability of the

rescarch method in the article.
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Fig 1. The configuration and coordinate system of the S o

Consider a sandwi with two MEE fuce shets and
FGM core layer mug (':rl:flaslic medium and subjected ‘g
the combination of external pressure, thermal, electric 7
magnetic loads with the size of the plate ax bx h 8 shown
in Fig. 1. A coordinate system (x,,2) is ﬁmbhshed.m
which (x,) plane on the middle surface of the sandwich
plate and = on thickness direction.

A. Mechanical properties of MEE face sheels -

TABLE I. MECHANICAL PROPERTIES OF MEE MATERIAL.

Material properties Notation Values
Elastic constants (GPa) lel & C{z e
At g 120
lel = C{; = CZ3
Cys 215
Cy4 =Css As
(7 0
Piezoelectric constants (C / mz) a1 533
" 90
3
as b
Dielectric constants (c; Nmz) mi=nn 0.85%107°
s 63x107
Magnetic permeability (stlcz) 1=t —2x107
53 09x107*
Piezomagnetic constants (N / Am) 431 3%
ook 320
‘ s 200
Magneto-electric constants myy=ny 55wl 0—12
(NyvC) 12
g 2600 10
Pyroelectric constant (C/mzl() 2 7.8x1077
Pyromagnetic constant (C‘/mzK) A —23x107
Thermal  expansion i
(0 ) o scocfRicionts Jsylk 04 iy 123x10
’ . @ 82x107°
Moisture  expansion  coefficients A 0
) :
B=p L1x107
Density (kg /| Py 5500

- Two face sheets are made up of a combinas

@tqmelectric and piezomagnetic materials, Tfnm:uoga?n
constituents of the face sheet are Barium Titanate
and Cobalt Ferric oxide (CoFe,0,). In this study

e

1o be 03 and the material pr, i
~stic face sheet are given in Tah), I [§]0f migh
prorerties of FGM core Igy, 7,
and metal ‘;’:‘f’ed i b e',?;’r‘i:e te ey o,
P=R:VC+P,,,L;”_ - penyutr

Material

and P, are the corresponding oro ]
d metal constituents, resPeCtive|y Dcl-tl.es " J

ramic an :
o; are the volume fractions f)f ceramic gng m?;re, v ::‘
b: considered by POwer law distribution a5 I6] | thy : &;j

where A

22+ h|"
I/‘I(z)= —_2h s V"(Z)zl_V(z)
. L
: lume fraction exponen; )
where N is the VO - - Thug, 4,
ionally graded material, such as Young'. ' Prg
bl ductivity, and the coefficient of thsn;mod“]uspegy

al con i
?aer;mas a power form of the thickness Coordinate [zl]e"pan;inr:

Py (2)=Pr.V.(2)+Pr ¥, (2

Because of the weak variation of Poissopss . B)
constituent materials, lt_ is WHSIqercd consta;aho- in b
paper. The smart §andw1ch plate is asgyp, ed 1 M
Pasternak-type elastic foundations. The interactio, " o
clastic foundations and the sandwich plase ;¢ &’ebetw%
follows fineg

q, = kw—kVw.

az aZ : (4)
where V* ='a'—z‘+'6'y7 » W is the deflection of the sy

sandwich plate, & and &, are Winkler foungyg,
and shear layer stiffness of Pasterpg
respectively.
C. Boundary condition

In this study, depending on the in-plane .
edges, four edges of the plate are simply gy & I

immovable. The associated boundary conditions :f;poned -

M Stiffey,
fo“"dﬂﬁm

w=u=M,=0,N =N_,x=04q
Ww=v=M, =0N, =N,y=0b 0

with N,y N,, are pre-buckling compressive force resulta iy
direction x .

II. FUNDAMENTAL FORMULATION
Establishing the basic equations means finding reciproc

> 1 g reciprocal
relationships  between stress, strain and  displacement
components. These relationships are expressed in the st
gorgkpgl:;l::y cquations, the equilibrium cquation

It is easy to see here, the i sandwic
. ; plate is the sandwich structse
t‘;"]‘eﬂ‘ three N’G‘S. in which the middle layer (core layer) 5o
pm&:m ot‘FGt::tI'.= material and the two outer layen &
account the coupling between clastic, clecne 2
z?\etic field. The factors of temperature also influcnce 8%
%’Wm Therefore, it is necessary to cblsh %
stress, and components in cach layd Lo




l.uﬁ,.-l'
=yv, Qﬂ,'l'

L
» .F.. P

=1@, AT,
% Yol, | O M

s temperature rise from stress frec |
m and E.'V.m clestle initial W.;.;

-t
.
T ﬁ""' constitutive relations for magneto-el
| w taking into account the coupling b&m
-+ W and magnetic fields can be represented as

‘. f%‘ =£¢“‘{ i étzs;{ —&E, =@, H,-a AT,
I Goe! +Crel ~8,F, — G, H, - GAT,
bt
Wﬁx +iy H, + pAT,

)&Q@%Eﬁﬁzﬂm + p,AT, (8)
p _g;ﬁ'%’*é,,s, +8,8,+1nE, + iy H, + BAT,

B B, + i H, + AT,
iy, + finH, + HAT.

Gy8! + e + B, + i H, + AAT,

sheets; 0‘{,0’{,1‘};, D,-[(i=x,y,z), and
p,z) are stress components, electric displacement
netic flux respectively; G (i =11,12,22,66),
31,32) and g (kI =31,32) are elastic coefficient,
wlectric coefficient and  the magnetostrictive
respectively; ,(i=12) and B (i=12) are
X coefficients and moisture expansion

219

O e vely, Puther. ™y and sy with
= 11,23, 13) wre the dielectric constant electromagnetiv

Teiont and the magnetie lity constant,
pectively; popioh U=h2Y ae the pyroelectric,
M Eroelectric, pyromagnetic and hygromagnetic material

Perties, respectively: £, and M, (1, y.2) are respectively
A ! he reduced form of the

eloctric fikd and magnetie fleld, and the
M appearing in Fe. (%) can be clearly presented in
The components of electric and magnetic fields E, and
H, can be expressed by gradients of the scalar electric and
magnetic potentials ® and ¥ a8 [11]
[E..H,]-l—b A REES )
and

in which the electric ic potentials arc
aSsumed o have the form of combination of a cosine and

linear function as follows
B(x,y,2,0)= -oos(ﬁz)lb(x.y.l)+ 220/ hys
‘i‘(x.y,z,f)--oos(ﬂz)‘l’(x.y,t)+ 22w hys
Where f=n/h ,0(x,n),‘l’(x.r) are the spatial variation of

the electric and magnetic potentials, respectively. Also, '
and y, are the initial external electric and magnetic

Potentials, respectively-
Substituting Eq. (10) into Eq: (9) yields

E= coa(ﬁz)(o.,), H;= wa(ﬂz)(‘l",),i =%y
E, = psin(fz)®- 2/ hy.H s = —psin(Bz)¥ - Wo! by
and the deformation

(10)

(n

C. The nonlinear ~motion
compatibility equation
With the stress, strain and displacement components
calculated for each of the material layers above, the force
and moment resultants of the smart magneto-electro-elastic

sandwich plate are expressed as
o

i
(V,M))= I ol (Lz)dz+ ]af(l,z)a!z
~hil-hy 12

(12)

hl2 /24
3 [of(l,z)dz+ I o/ (1L2)e, (i=%2.9)

0 ni2
. Replacing Eq. (6) into Egs. (7) and (8) then the results
into Eq. (12) leads to
N, =Fe + F;zs: +Gyk, + Gk, = FoE; -G,H, - @AT,
N, = Ftq + Fyty + Gk, + Gyk, - FuE, - GH, - a,AT,
N,= Fyyy + Gy
M, =G50 + Gyt + ik, + Hik, = FoE, =Gl ~0AT,
M,=Gyt + Gps® + Hyk, + Hpk, — BB, - G, H,-a AT
M, = Gty + Heksys

13)

in which the detail of coefficients A,,(i=ﬁ;j=-l,_4'),
A (4=F, Oy (i=1L122266), (), (i=14) may be

found in Appendix.

The gonlineat equilibrium equations of the sandwich
plate using the Hamilton principle and the Volmir's
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50,4 0 s
assumption with u << wyy << W Alls
defined as [18] 0

Noo Moo ®

(14a)

(14b)

N”"'N’J -0.
wot V¥ (140)
+N"w'.+:Nt L (

“-.- 4‘2"'3"“"
+w_,,)'Aw"

+p- kw+ ky (w.-
: d=
1’ ﬂ‘_)n.oos(ﬁzh%m(p‘)*D'Mw ')} (14d)
A : )
T cos(pe)+ DB ’)]

I [%m(ﬁzﬁ%m(ﬁ')*”-”"“(ﬂ ')]

gls ®

ab,
cos(B)+ 5

dz

bl o (14¢)
4 S0
:I: [%%cos(ﬁzh%m(ﬂz)*”-p’m(ﬂ ?)

iforml
in which, p(Pa) is an extemal P““'SS“’; dm" oy
distributed on the surface of the sandwich plate

2 helpehf
A= jn p,(z)dz+1 p.()+ f ,_,f(z)dz.
—hf=he/2 —hei2 hel2

The deformation compatibility equation for a
plate can be written as

sandwich

g +&°

2
0 18 Py =(ha) Mt )

T R R R e e
in which w" (x, y) is function of initial imperfection-

IV. SOLUTIONS TO THE PROBLEM

Base on the classical plate theory, 'thc stress function
method is applied to solve the problem, in which the chosen
stress function Airy is introduced as

N, =f:.w’Ny = j:n’ny ="j:1?' (16)

Replace this stress function into Egs. (14) and (15), while
performing the necessary transformations, it can be seen that
the four newly obtained equations are two nonlinear equations
in terms of variables w, f,® and ¥ used to investigate the

nonlinear vibration and dynamic of MEE-FGM-MEE
sandwich plate surrounded on elastic foundations.

To solve four newly equations above and with the
consideration of the boundary conditions (5), we assume the
following approximate solutions:
w(x,p,1)=W (t)sin4,xsind,y,

O(x,y,t) = §(t)sin 4, xsind, ,
t}’sx,‘ yt)=w(t)sin A xsing,y,
,JJ) = #’ﬂiﬂ‘.ﬁsjns.)?,

an

——— etic potentials, resi’“livc]y

are eclectl® ~;_143) 8r° determincd by Wbty e
weﬂ-:f;)ﬂi‘:w he deformation compatibility cquatio, Hn"; .

.

o (MW(W+2M). =M (W +2ph) A=y
A = ¥ 2 '51’
M=5:l'32Fl.ll:n Mz:fhlszfjn "151 . oy
' G'/T».:+(G;|+Gn"26“)'l' n + G,
AR
'tuti:lm of the roximate solutions (17) .
Substi ion € yations and applying the Gatlo ty
Gtk

M’=-

ﬂ:)nline:'rre fl::resuning equation yleld i
p
o+l (7 + b+ gV (W +2ph) +
1

+ h,,W(W +ph)(W + 2uh)+ b+ hgy +
(WA N, 52 ) + #k)+ nsp = ol ,

h4|W+h4z¢ +hgV = X

By W+ hp+ ha¥ = .

i= l’j = 1—3'6)9h4l (I = l+3)’h511h52’ ns are Shl)w
|

(]gl

where 7, (
in AppendiX-

The conditions €X

pressing the immovability o,
0 on x=0,a and v=0 on y-_.()’b)o

edges (i€ ¥~ i "
satisfied on the average sense
2 ey =0 2 tyax = 0.
“,ax 4 ’“,ax (5
i a] and Shear -

in which, the formulas of thq norm ——
zigdle surface of the sandwich plate can be determine &2:
Eq.(13)as

E:=};*nf_w_f;;f’=+6,‘,wp+qz“’.,y+ﬁsﬁ +Gy, + AT,
g = Fofu = +Gyw, +G;2w.y_v +
+ Fody + G + AT, (x
7, =~Fesfn + 2Ges¥.n
with: o = Fagy — Faen, @ = Fio —Foa, F = F /A
Fy=FplAFy=Fyl AFg=1Fg.Gy =Gy F,,
A=FFy - Fa» G, = F,G, = F3Gy, Gy, = F Gy -FiG,
G = FaGy -FyGp:Gy = R\G,, - F,Gy»
F:; ="'2(F;2Fn = FI.JFM)/}'PG:J - '2(5';2(’\‘ - Fn.:("u)’ h
R ==2(FaF=FaF) hy, Gy = -2(FiGiu~ FiGo)

. From Egs. (6) and (20), the derivative of displacen
inthe x and y directions are determined as

Vy = Ffa=Fafy +Gywa +Gyw , *
+ Fuhy + Goy + AT = (w, ) /2% ).
U= Fofy = Fafut Gw, G, *
Eoh S G 5T =, 12,5

Introducing .
bmmu:qém“ Eq. (21) then obeained
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No= g +8 (W +2ph) W + &b+ g, + 8;AT

| W= AV 2R W St f s par, @D
Fo £ (i=1+ 5) are shown in Appendix.
s assumed that uniformly distributed transverse load

he form of p = st the equations are used to study th
C

:ear vibration of sandwich i
” “lironmcnt o plate in the thermal

on .
| W,a +011W+0“(W+”h)+0“W(W+'uh)+o|s¢+otuW
| g uh)(W +2uh)++o, W (W + k) (W + 2ph)
V(7 2uh)+ o $(W + ph) + oy (W + Hh)=nst, (23)
huw"’hu‘ +hgy =0,
han'*‘ hy#+ hay = 0.
| gpere the 0, (i=1+ 6),0;; (J =1,3)- coefficients, as shown
n Appendix.
The fundamental frequency of natural vibration of the
wich plate can be determined by finding the solution of

| under equation
0+ 0y — o' oy o
hy, h4z h43 =0 (24)
hy, hy b,

To determine the value of the dynamic critical load, this

uses the the Budiansky—Roth criterion [17], with the
time of instability as the time when the deflection amplitude
ime curve reaches its maximum value first.

V. RESULTS AND DISCUSSION

| Comparison results

In order to ensure the accuracy of present approach, the
ulues of the dimensionless frequencies and fundamental
fiequencies of the FGM plate are calculated and compared
with the results obtained by the other authors, such as Bich
(14, 18], Alijani [15] and Kim [16]. The comparison results
ue shown in Tables 2, 3 with the following characteristic
parameters: P, =2702kg /m’,  p. =3800kg/ m'  and

£ =380x10°N /m’*.

TABLE II. COMPARISON OF DIMENSIONLESS FREQUENCIES
-ﬂ-a;,al.m / Pmax OF FGM PLATE WITH alb=1alh=0.1,

Present  Bich [14]  Alijani [15] Kim [16]
0.0597 0.0579 0.0582
0.0506 0.0506 0.0532
0.0456 0.0456 0.0437
0.0396 00396  0.0393
0.0381 0.0380 _ 0.0359

 the maximum values of clastic constants
of piezoelectric and magnetostrictive

ENTAL FREQUENCIES OF NATURAL
a.b-l.s,h-O-OOS-

igation o MEE-FGM MEE d
Invest gation of P sandwich plate f;
rom th

e nonlinear dynamic and vibration point of view

As can be seen, with the change of the volume ﬁacuon
the results shown in the

exponent N, the difference between
the present results

table is not too large, or in other words, resent re
agree very well with existing predictions, which indicates

the reliability of present study.

B. Dynamic critical load

In this part, the influence of the parameters on the
dynamic critical load value will be investigated.

Table 4 shows the effect of elastic foundations with two
coefficients k (GPa/m), k;(GPam), modes of vibration
(m,n) and the loading speed s on the dynamic critical load
value of sandwich MEE-FGM-MEE plate with rectangular
cross-section a/b=1.

TABLEIV. EFFECTS OF ELASTIC FOUNDATIONS, MODES OF VIBRATION
AND THE LOAD SETTING SPEED ON THE DYNAMIC CRITICAL LOAD VALUE

(m,n)
(k1. k) g [{8))] (12 13
35¢11 8.1472¢+7  8.9162¢+7 9.7842¢+7
(0,0) sell  11.6389%+7 12.7374e+7 13.9748e+7
75el1  174584¢+7  19.1062¢+7 20.9623¢+7
35c11 8.1886e+7  8.9183¢+7 9.7963¢+7
(0.1e9,0)  Sell  11.6980e+7 12.7405¢+7  13.9947e+7
75¢11  17.5470e+7 19.1107e+7 20.9921e+7
35cll  8.2589¢+7  10.9986e+7 12.0764c+7
g%zg-) sell  117985c+7  15.6980e+7 17.2520e+7
; 75ell  17.6977e+]  23.5470c+7 25.8780e+7

As can be observed, the value of the dynamic critical
load of the sandwich plate with the support of elastic
foundations is higher than one of sandwich plate without
elastic foundations. The elastic foundations enhance the
stiffness of the sandwich plate. Further, the value of the
dynamic critical load increases significantly when the values
of modes (m,n)and the loading speed s increase and vice

versa with (m,n),s decrease.

TABLE V. EFFECTS OF TEMPERATURE INCREMENT, THE RATIO b/h AND
THE MAGNETIC POTENTIAL ¢y ON THE DYNAMIC CRITICAL LOAD VALUE

AT(K) blh P
-100 0 100

80 1.064876¢+8 1.064873¢+8  1.0648725¢+8
0 90 1.133963¢+8  1.1339613e+8  1.133960¢+8
100 1.206422¢+8  1.2064035¢+8  1.2064032¢+8
80 1.065%4¢+8 1.06592¢+8 1.065918e+8
100 90 1.134433¢+8 1.134417¢+8  1.134418¢+8
100 1.207651e+8 1.207647¢+8  1.207646¢+8
= 80 1.094731¢+8 1.094725¢+8  1.094713¢+8
200 90 1.135035¢+8 1.135032¢+8  1.1350315¢+8
100 1.20921e+8 1.209197¢+8  1.209195¢+8

NN s B N -
The effects of temperature increment AT, the plate

width to thickness ratio 5/h and magnetic potential s
on the dynamic critical load value of the sandwich plate
with rectangular cross-section a/b=1 resting on elastic
foundation are given in Table 5. As expected, the increase of
temperature increment AT, increase of ratio A/A and
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decrease of the magnetic potential value results in the
increase of the dynamic critical |oad.value. _Ho_wever, tpe
difference of the dynamic critical load is not significant with
the change of all three values examined.

TABLE V1. EFFECTS OF vammmoum-omﬂ.muno alb

AND THE MAGNETIC POTENTIAL /g ON THE DYNAMIC CRITICAL LOAD

VALUE OF SANDWICH PLATE
I
N alb 300 0 200
0.5 7.51634e+7 751674e+7  1.51679%e+7
¥ 1 974085e+7  9.74157e+7  9741621et7
15 1045975e+7  10.46078¢+7  10.46083¢+7
05 826773c+7  8.26787et7  8.267905¢+7
: 1 10.6592¢+7 10.6594e+7  10.6596e+7
L5 1136364e+7  11.36368¢t7  11.36373e+7
05 84993c+7  849977et7  8.49991ev7
2 1 1127222¢+7  1127276e+7  11.27331e+7
15 1193382¢+7  1193387e+7  11.93392e+7

The influences of volume fraction exponent N, ratio
a/b and magnetic potentials y, (4) on the dynamic critical
load value of the sandwich plate resting on elastic
foundation are presented in Table 8. It is found that the
effects of electric potentials are very small, the dynamic
critical load value decreases as the electric potential
decreases. Also, the ratio a/b and the volume fraction
exponent have significant effect on the dynamic critical load
of the smart sandwich plate. The value of the dynamic
critical load increases significantly when the values of ratio
a /b and the volume fraction exponent N increase.

C. The deflection amplitude - time curve
The influence of the parameters on the nonlinear

dynamic response of sandwich plate will be investigated in

this part.

4 |——b/h=80 = = b/h=90 ~=b/h=100

N=1, AT=100 K, =1, 9, =200V, ¢;; = 100 A,

3 tk,=0.1 GPa/m, k,=0.02 GPa.m,: #_:0, !\‘&

4
7

(8 g AN
=2 ; 3 A\ \
3 Ny A \" ¥

=

7’

/ b =5, e=0.1 ma)=(L 1), g=3.5¢' "t

z has very signifi
the volume fraction exponent gnificanyy
th: deflection amplitude of the sandwich plage WhiT:l o
the

imperfection has slightly effect.

dicates the effects of temperature i, s

Fig. 5 in .
the n(;snlinear dynamic response of the sandwich Platr:em -
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The infhences of magnetic and electric potentials on the
e flection amplitude - time curve of the sandwlich plate are
depicted in Figs. § and 9, respectively It is observed that
both of electric and magnetic potentials have small effect on
the nonlinear dynamic response of sandwich lec'. I'he
Yellection amplitude of the sandwich plate with Inuln‘:r
electric potential is higher than one with lower electric
Potential, whereas it becomes lower when the magnetic

Potential increases.

V1. CONCLUSIONS

By using an analytical method based on classical plfnlc
theory, the nonlinear dynamic buckling of the sandwich
plate with two MEE face sheets and FGM core layer
subjected o the combination of external pressure, thermal,
electric, and magnetic loads were clucidated in this paper. In
addition o surveys on the influence of gcnmclricu.l and
Mmaterial parameters, a point worth noting here is by
evaluating the influence of electric and magnetic .potcnuuls
= the typical parameters of the MEE layer, it can be
concluded that although both of them are considered to hc
CXternal forces, they have small effect on the dynamic
critical load of the sandwich plate with FGM core layer. In
other words, the addition of MEE layers has little effect on
the nonlincar dynamic buckling of sandwich plate with
FGM core layer in the thermal environment, Whl.k: they
complement the plate with the advantages of magnetism and
electrical properties, thereby expanding the scope of
applications of FGM structures in sensors, civil structures,
aerospace control systems and medical devices. ..
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