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Abstract. This paper accesses the performance of applied electric voltage in a hygro thermo
magneto flexo electric nanobeams embedded on a silica aerogel foundation based on nonlocal
elasticity theory. Higher-order refined beam theory via Hamilton's principle is utilized to
arrive at the governing equations of nonlocal nanobeams and solved by an analytical solution.
A parametric study is presented to analyze the effect of the applied electric voltage on
dimensionless deflection via nonlocal parameters, slenderness, moisture constant, critical
temperature, and foundation constants. It is found that physical variants and beam geometrical
parameters have significant effects on the dimensionless deflection of nanoscale beams. The
accuracy and efficiency of the presented model are verified by comparing the results with that
of published research. A good agreement has arrived.
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1. Introduction

Structural monitoring of nanobeams, nanoplates, and nanomembranes are recent novel field
for many researchers due to their improvement of the quality properties. The classical
continuum theory is aptly practical in the mechanical behavior of the macroscopic structures,
but it is improperly for the size effect on the mechanical treatments on micro or nanoscale
structures. Nevertheless, the classical continuum theory needs to be extended to factor in the
nanoscale effects. The prime magneto-electro-elastic (MEE) was used in the 1970s, and MEE
composite consisting of the piezoelectric and piezo magnetic phase was discovered this year.
Van den Boomgard et al. [1] the MEE nano-materials, (BiFeO3, BiTiO3-CoFe204,
NiFe204-PZT) and their nanostructures became a significant role in research (Zheng et al.
[2], Martinet al. [3], Wang et al. [4], Prashanthi et al. [5]). For this reason to the major
potential of nanostructure for amplification of many applications, their mechanical behavior
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should be investigated and well-identified before new designs can be proposed. The classical
mechanic continuum theories demonstrate to predict the response of structures up to a
minimum size sub which they fail to provide accurate predictions. The nonlocal theories add a
size parameter in the modeling of the continuum. This paper studied models that developed
according to the greatly used nonlocal elasticity theory (Eringen [6], Eringen [7], Eringen [8],
Eringen [9], Eringen [10]). Timoshenko beam theory and nonlocal elasticity theory were
investigated in their study. So based on an elastic medium, the stability response of SWCNT
is described. Winkler and Pasternak parameter, an aspect ratio of the SWCNT, and nonlocal
parameter was studied. Yang et al. [11] studied nonlinear free vibration of SWCNTSs based on
strains Eringen's nonlocal elasticity theory. Ehyaei and Akbarizadeh [12] illustrated the
vibration analysis of micro composite thin beam based on modified couple stress theory.

A unified formulation for modeling the inhomogeneous nonlocal beams is developed by
Ebrahimi and Barati [13]. Free vibration analysis of chiral double-walled carbon nanotube
embedded in an elastic medium using nonlocal elasticity theory and Euler Bernoulli beam
model was studied by Dihaj et al. [14]. Vibration and buckling of piezoelectric and
piezomagnetic nanobeams based on third-order beam model are verified by Ebrahimi and
Barati [16,17,18]. The vibration, buckling, and bending, free of Timoshenko nanobeams
based on a meshless method were investigated by Roque et al. [19]. Embedded in the
nonlocal component relevance of Eringen, a major of articles published searching to enlarge
nonlocal beam models for nanostructures. Peddieson et al. [20] proposed the nonlocal Euler-
Bernoulli and Timoshenko beam theory, accepted by many studies to verify bending (Civalek
and Demir [21], Wang [22], Wang et al. [23]). During the years of research, the small size
agents in SWCNTs were studied by Murmu and Pradhan [24]. Karami et al. [25] studied the
wave propagation of functionally graded anisotropic nanoplates resting on the Winkler-
Pasternak foundation. Ebrahimi and Rostami [26] analyzed the propagation of elastic waves
in thermally affected embedded carbon-nanotube-reinforced composite beams via various
shear deformation plate theories.

Free vibration analysis of a piezoelectric nanobeam using nonlocal elasticity theory is
verified by Ali Hajnayeb and Foruzande [27]. Large amplitude forced vibration of the
functionally graded nanocomposite plate with piezoelectric layers resting on the nonlinear
elastic foundation was investigated by Yazdi [28]. Thermo-magneto-electro-elastic analysis of
a functionally graded nanobeam integrated with functionally graded piezomagnetic layers was
studied by Arefi and Zenkour [29]. Ebrahimi and Barati [30] investigated the wave
propagation analysis of smart strain gradient piezo-magneto-elastic nonlocal beams. Arefi
[31] checked the static analysis of laminated piezo-magnetic size-dependent curved beam
based on modified couple stress theory. Jiang et al. [32] studied the analytical solutions to
magneto-electro-elastic beams.

Furthermore, in recent years many researchers have presented the static and dynamic
characteristics of beams and plates exposed to hygro-thermal environments because of the
considerable effects of these environments on the structure's behavior. Gayen and Roy [33]
presented an analytical method to determine the stress distributions in circular tapered
laminated composite beams under hygro and thermal loadings. Kurtinaitiene et al. [34]
investigated the effect of additives on the hydrothermal synthesis of manganese ferrite
nanoparticles. Alzahrani et al. [35] investigated the size effects on the static behavior of
nanoplates resting on elastic foundation subjected to hygro-thermal loadings. They extended
the nonlocal constitutive relations of Eringen to contain the hygro-thermal effects. Also,
Sobhy [36] studied the frequency response of simply-supported shear deformable orthotropic
graphene sheets exposed to hygro-thermal loading.

Bending of Electro-mechanical sandwich nanoplate based on silica Aerogel foundation
examined by Ghorbanpour et al. [37]. They described the influence of parameters on
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nanostructure such as applied voltage, porosity index, foundation characteristics, parameter,
plate aspect ratio, and thickness ratio on the bending response of sandwich nanoplate. Simsek
et al. [38] presented three unknown shear and normal deformations nonlocal beam theories for
the bending analysis of the problem. Ke et al. [39] studied the free vibration of size-dependent
magneto-electro-elastic nanoplates based on the nonlocal theory. Selvamani and Ponnusamy
[41-49] have proposed novel ideas in wave propagation analysis of different structures.
Ramirez [50] investigated the discrete layer solution to free vibrations of functionally graded
magneto-electro-elastic plates. Forooghi et al. [51] reported the thermal instability analysis of
nanoscale FG porous plates embedded on the Kerr foundation coupled with fluid flow.
Safarpour et al. [52] analyzed the theoretical and numerical solution for the bending and
frequency response of graphene reinforced nanocomposite rectangular plates. Forooghi and
Alibeigloo [53] studied the hygro-thermo-magnetically induced vibration of FG-CNTRC
small-scale plate incorporating nonlocality and strain gradient size dependency. Vibrational
frequencies of FG-GPLRC viscoelastic rectangular plate subjected to different temperature
loadings based on higher-order shear deformation theory were proposed by Huang et al. [54].

This paper studies the bending of HMEE nanobeams bedded on a silica aerogel
foundation based on nonlocal elasticity theory. Governing equations of a nonlocal nanobeam
on Winkler-Pasternak substrate are derived via Hamilton's principle. Galerkin method is
implemented to solve the governing equations. Effects of different factors such as nonlocal
parameter, slenderness, moisture constant, critical temperature, applied voltage, magnet
potential, and Young's modulus, and height of silica aerogel foundation on the deflection
characteristics of a nanobeam are investigated.

2. Problem formulation

q(X)/
Z 3
Ty

flx, z.1) <4

Slica Aerogel Foundation

SO/ S0Arrrrrry

L
Fig. 1. Geometry of nanobeam resting on silica aerogel foundation

The component of displacement via refined shear deformable beam can be
expressed by:
_ dw,, owg (1)
uy(x,2) = u(x) —z— >~ f(2) 5>,
u,(x,2) = wp(x) + ws(x), (2)




4 R. Selvamani, L. Rubine, J. Rexy, F. Ebrahimi

where u is axial mid-plane displacement and W,,W, denote the bending and shear

components of transverse displacement, respectively. Also, f(z) is the shape function
representing the shear stress/strain distribution through the beam thickness which for the
present study has a trigonometric essence, thus a shear correction factor is not required.

f(z) = z+ hy — tan[0.03(z + hy)]. (3)
Non-zero strains of the suggested beam model can be expressed as follows:
ou_ o 0%w;
xx 6:: a;:;b_f( ) 6;‘:;' (4)
Ows
g(2) 22, (5)

where g(z) =1 — df(z)/0z.

According to Maxwell's equation, the relation between electric field ( Ex, E;) and
electric potential (¢p) and magnet field ( Qx, Q,) and magnet potential (y), can be obtained
as Ke et al. [39]:

B B

Ey =~y = cos(§2) 32 ,Qy = =¥, = cos(§2) 3¢, (6)
= —¢, = &sin(€2) —27,Q, = =, = Esin§z) =27, (7)

where &=7x/h. Also, v is the external electricity applied to the nanobeam.

Through extended Hamilton's principle, the governing equations can be derived
as follows:

t
J, 815 — Iy)dt = 0, 8)
where 1 is the total strain energy, I1y, is the work done by externally applied forces. The
first variation of strain energy I can be calculated as:

8lls = [ 0;;6€;;dv = [ 0,6, + 0,6y, (9)
Substituting equations (1) - (2) into equation (6) yields:
2
s = f (N g, o Ms o4 Q) dx +
h}{fz [ D, cos(fz) — +DZ§ sin(§z) 6¢ — (10)

Bx cos(fz) E +BZ§ sm(fz) &ptp] dx dz,
in which the forces and moments expressed in the above equation are defined as follows:
(N, My, My) = [,(1,2,f)odA i = (x,y,xy),

, 11
Qi = J,80:dA ,i = (xz,yz) . D
The first variation of the work done by applied forces can be written in the form:
611,
2
NG ) Z—j"’;—w + (NT 4 N S S e 5w, + wy) + ke gy, (12)

k,,k, foundation parameters are as follows:

h/_
e dx \’
k=] eyl = | &
_A_ho
Dot
k,=b [ c,xdz
_A*ho

Shape function of the foundation can be considered as:

sinh 7(1—Zj
H
X(2)=———=.
sinh y
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Cyy _[ Vwadxdy
In addition, yis calculated by y* =H? —2———,
j w?dxdy

where NE, N8 electric, and magnet, loading respectively.
NO—-NEA—NB

h/2

_f h/2 31 h

h/2 20

where NT N* are applied forces due to variation of temperature and moisture as
T
N f hr2 E(2)a(z)AT dz,

NH = [ E()B(2)AH dz.

(13)
(14)

(15)
(16)

The following Euler-Lagrange equations are obtained by inserting equations (10)-(12) in

equation (8) when the coefficients of du, dw,,, dwg, @, are equal to zero:
0N,

=0,
ax
T 4 (~NE=NP)V2(w, + wg) — (N7 + NH) T2 (o, 4 w)
k2V (wp +wg) =0,

2
oM _9Q (JW'N%W@%+m@—{NT+Nﬁ—l;ﬁ¢2+h@%+wg

0x?  0dx
— k,V2(wy +w,) =0,
h/2 oD
f [cos(fz) a_xx + ¢ sin(éz2) DZ] dz =0,

—h/2

h/2
J- [Bx cos(¢z) 665—;0 +B,¢ sin(¢z) 51,0] dz = 0.

—h/2

3. Nonlocal elasticity theory
The nonlocal theory can be extended for the piezo magnetic nanobeams as:

Ojj— (ea)zv Ojj = [Cukl‘gkl emijE - qnin - al.jT - ﬂin];
Dl] (ea)zvz ij [elklgkl + klm E + dlnH ]

B; —(ea)zsz - [QLklgkl + dlm Em + Hin n]'

pi-(ea)?V2p; = [eoxi;Ej + €ixicr |-

(17)

(18)

(19)

(20)

(21)

(22)
(23)
(24)
(25)

Also, y; is the relative dielectric susceptibility and f; is the flexoelectric coefficient.
Also, e,a is nonlocal parameter which is introduced to describe the size-dependency of

nanostructures. V2 is the Laplacian operator. The stress relations can be expressed by:

(1 —uV®)oy, = (1 - AZVZ)[Cnfxx es1 E; — q31H, —aAT - pAH ]
1- qu)axZ =(1- szz)[CSSsz €15 Ex qlSHx]'

(1- MVZ)DX = (1= 22V®)[eys Vxz + ka1Ex + di1H,y ],

1- #Vz)Dz = (1= 2°V?)[e31 65 + k33E, + d33H,],

(1- ﬂVZ)Bx =(1- Asz)[QlSsz + di1Ex + 311 Hy ],

(1 = uV?)B, = (1 = 2°V?)[q316xx + d33E, + x33H,].

(26)
(27)
(28)
(29)
(30)
(31)

Integrating equation (26-31) over the cross-section area of nanobeam provides the

following nonlocal relations for a refined beam model as:
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M, fh,{fz (e31 % + 31 %) Zdz, (32)
J1% (1= uv?) {D,} cos(§2) dz = Ffy {22}, (33)
J1 (1 = u9?) {B,} cos(§2) dz = R, {32}, (34)
(1 — uv?) f_h’ijz ¢sin(éz) D,dz = [A31 2—2) E31V2W], (35)
(1 —puv?) f_h,{jz ¢ sin(§z) B,dz = [031 (z_Z) Q31V2W]: (36)
in which: .

{A11, B11, Biy, D11, D1y, Hiy } = fEh c11(1,z f,2% fz,f?)dz, (37)
(A1, Esp) = 2 2 es,& sin(£2) {1 z, f},dz, (38)
(F11,F33) = f_h/2{511 cos?(§z) , s33§* sin®(§2)}dz, (39)
(R11,R33) = f_h,{jz{dn cos?(§z),d33§? sin®*(§2)}dz, (40)
(G31,0Q31) = f_h,{jz 31§ sin(§z) {1, z},dz, (41)
(11, #33) = f_h’{fz{xll c0s?(&z), 13382 sin?(éz)}dz. (42)

The governing equations of nonlocal strain gradient nanoplate under electrical field in
terms of the displacement can be derived by substituting equations (32) -(36), into equations
(17) -(20) as follows:

4 0%u B a3w? Bs 3ws 4 d¢ o op| _ 0N, 3
uge " Puga TP TAng T lag | =50
0%u a*wP 0tw 9%¢ 0%y X
[B11F—D11W—Ds 922 ]+E316 >+ 03157 %2 + ki(wp + wy) — kK, VE(wy

Fwy)] - [(—NE—NB) e Ty

- kzv (Wb + WS)]l a zbl

. a3u s a4wb a4ws 2¢ le
B11ﬁ_D11 xt —H{i 5 D +F110 2 +R116 2 + ky(wp + wy) — k, V2 (wy,

)~ ulNFN) + 0+ 0 Ty s
32M, 0
— k, V2 (wp, + Ws)]] = 9x2  ox’
ou a%w? 0%ws %¢ 0%y 46
[A31a— E31 ——— 6x2 — Q3155 FP%) + P 5 EP%) + R o2 — F33¢p —R339 =0,
ou 0w O*w 02p 9%y s
[A31a— E31 =—— %2 — Q3155 %2 + Fii=— %2 +r1155 %2 — F33¢p — 3339 = 0.

4. Solution procedure
To satisfy the above-mentioned boundary conditions, the displacement quantities are
presented in the following form:

u =Y, Uy, 22 pient, (48)
Wy = Zn:l anX (x)elwnt' (49)

= Z?lozl Wsn Xn(x)eiwnta (50)
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B = iy B Xn()eiont, (51)
VY = Yasi Pn Xn(x)e'nt, (52)
where (U .w,.., W, ,®,) are the unknown coefficients and for different boundary
conditions (¢ =mz/a, g=nxz/b).
( 0 )
Un n2m?
Whn Qn(l + u 12 )
w — 22
K1y =g, (102 )
Ly ) 0
\ 0 J

where [K], [F] are the stiffness, loading matrixes for nanobeam, respectively.
ki1 =A11a1, Kip=Bpa,, K3z= Biia, , K4 = A3103 , Ki5 = G3103 (54)
K1 = Biiai1, ko
= —Dj a7 + kjas—k,aq
+ u[(—NE=NB + (NT + N¥) + k))ag — kias |, Ko3 = Dija,+kias—k,aq
+ u[(=NE—=NB + (NT + N¥) + ky)ag—k,as] ,
kya = Es106 , kys = Q310 ,
K3, = Biiaq1,
K3,
= —Djya; + u[(=NE=N® + (NT + N*) + ky)as — kias], K3z =—Hija;

e
+ kyas—koag + u[(~NE—NB + (NT + N¥) + k,)ag — (k1+—2;1 Yfisas|,
33

kss = Fi1a6 , k3s = Ri10a6 ,

kys = Aziaz k4,2 = —E31a6 k43 =—0Q31Q¢, kys = Fi1a6—F33as5 ,
kys = Ryya6 — R3zas,
ks, = Aziaz , ks,z = —E31a6 ,5=—0310, k4,4 = Fi1a6—F33a5 ,

kas = #1106 — #3305,

Fip =Naz,
Fyp = My (1—pas),
F33 = Mg(1—uas) — Q(1—pas),
in which (Table 1):
a; = anX’(x)X”(x) dx ,a, = anX(x)X”’(x) dx , a; = anX(x)X””(x) dx, (55)
as = anX(x)X(x)dx , Ay = anX(x)X’(x)dx ,(Aqq = anX’(x)X”’(x) dx,
g = anX(x)X”(x) dx.

The uniform load is supposed that lead to bending and is expressed by the following
form:

Qaynamics = Z;.lo=1 Qnsin [TlL_ﬂ x] sin wt, (56)
2 .
Qn =7 [ sin[ "L x]q,dx, (57)

in which Q,, are the Fourier coefficients and q(x) = q, is the uniform load density and x, is
the centroid coordinate. Also, in the case of concentrated point load the following expression
for the harmonic load intensity can be written:

q(x) = pd(x — x,) sin wt, (58)
Qu ="Psin [T x| (59)
in which § is the Dirac delta.
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Table 1. The admissible functions X,,,(x) Sobhy [36]

Boundary conditions The functions X,,
At x=0, a X (x)
SS Xn(0)=X,0)=0 Sin(ax)
Xn(a) =X, (@) =0

5. Numerical results and discussions

The bending of hygro magneto thermo piezoelectric nanobeam is analyzed in this section. The
material properties are shown in Table 2 (Ramirez et al. [50]). The validity of the present
study is proved by the means of comparing the bending of this model with those of
Arefi and Zenkour [29]. Arefi and Zenkour [29] for various nonlocal parameters are
presented in Table 3.

Table 2. Material properties of BiTiO3-CoFe,O, composite materials

Properties BiTiO3-CoFe;04

Elastic (GPa) C11 = 226, C1p =125, ¢c13 =124, ¢33 = 216,
Caqa =44.2, Ce6 = 50.5

Piezoelectric/(C * m?) €31 =—2.2,633=9.3,€5=58
Dielectric/(10°C = V' = m™) kiy = 5.64, ka3 = 6.35
Piezomagnetic/(N = A - m-1) Q15 = 275, gs1 = 290.1, qs3 = 349.9
Magnetoelectric/(10 *Ns = V' - C?) | 511 =5.367, 533 =2 737.5
Magnetic (107® Ns? ¢72/2) H11 = -297, 135 = 83.5
Mass density(10°Kg/m°) p=5.55
Hygrothermal(/K) oy =1.6x10° B, =26x10"

Table 3. Comparison of dimensionless deflections of nanobeam for electric voltage and

magnet potential
L/h u(nm?) | ¥ =0.001 L/h | p(nmd) ¢ = 0.001
Arefi and present Arefi and Present
Zenkour Zenkour [29]
[29]
10 1 3.68 3.5781 10 |0 3.68 3.59892
2 3.71 3.6482 1 1.3333 3.66921
3 3.77 3.7302 2 1.3645 3.74018
4 3.84 3.79011 3 1.3958 3.80234
5 3.94 3.8952 4 1.4270 3.92011

The role of various parameters like magnetic potential (Q), electric voltage (v),
moisture constant (AH), and nonlocal parameter () on the non-dimensional frequencies of
the simply supported higher-order magneto-electro-elastic nanobeams at L /h =20 and
L /h =30 are exposed in Tables 4 and Table 5. Here, it is noticeable that with the rise of
nonlocal parameters the natural frequencies of hygro magneto-electro-elastic nanobeam
reduces for all magnetic potentials and external voltages due to the fact that the existence of
nonlocality weakens the beam. Also, it is referred that when the moisture constant arose the
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non-dimensional frequencies of hygro magneto-electro-elastic nanobeam decrease, especially
for lower moisture constant. Moreover, it is concluded that negative values of magnetic
potential and external electric voltage produce lower/higher frequencies compared to those of
positive ones, respectively.

Table 4. Variation of the third dimensionless frequency of FG nanobeam for the various
nonlocal parameters, magnetic potentials, and electric voltages (L /h =30)

M —0.05 Q=0 Q=10.05

AH AH=1 | AH=5 | AH AH=1 | AH=5 | AH=0. | AH=1 | AH=5

0|V=- |78.077 | 71.962 | 68.082 | 78.967 | 72.525 | 68.275 | 79.848 | 73.084 | 68.467

V=0 |77.941 | 71.532 | 67.345 | 78.833 | 72.099 | 67.540 | 79.715 | 72.661 | 67.735

=+ | 77.804 | 71.100 | 66.600 | 78.698 | 71.670 | 66.797 | 79.582 | 72.235 | 66.994

1]V=- ]56.325 | 52.280 | 49.892 | 57.553 | 53.053 | 50.156 | 58.756 | 53.814 | 50.417

V=0 |56.136 | 51.687 | 48.882 | 57.369 | 52.468 | 49.151 | 58.575 | 53.238 | 49.418

=+ | 55.947 | 51.087 | 47.850 | 57.184 | 51.877 | 48.125 | 58.394 | 52.655 | 48.397

2 | V=- [46.039 | 43.041 | 41.429 | 47.534 | 43.976 | 41.746 | 48.983 | 44.891 | 42.060

V=0 |45.808 | 42.318 | 40.207 | 47.310 | 43.269 | 40.533 | 48.766 | 44.199 | 40.856

=+ | 45.576 | 41.583 | 38.946 | 47.085 | 42.550 | 39.282 | 48.548 | 43.496 | 39.616

3| V=- |39.712 | 37.400 | 36.307 | 41.436 | 38.472 | 36.668 | 43.091 | 39.515 | 37.025

V=0 |39.444 | 36.566 | 34.905 | 41.179 | 37.662 | 35.280 | 42.844 | 38.727 | 35.651

V=+ |39.174 | 35.712 | 33.445 | 40.921 | 36.834 | 33.836 | 42.596 | 37.922 | 34.223

Table 5. Dispersion of dimensionless frequency of nanobeam for the various nonlocal
parameters, magnetic potentials, and electric voltages (L /h =20)

u —-0.05 Q=0 Q=+0.05

AH AH=1 | AH=5 | AH AH=1 | AH=5 | AH AH=1 | AH=5

0] V=- |35.608 | 32.956 | 31.424 | 36.477 | 33.504 | 31.611 | 37.325 | 34.044 | 31.797

V=0 |35.474 | 32.534 | 30.705 | 36.346 | 33.089 | 30.896 | 37.198 | 33.635 | 31.087

=+ |35.340 | 32.107 | 29.968 | 36.215 | 32.669 | 30.164 | 37.070 | 33.222 | 30.359

1]V=- 129.900 | 27.860 | 26.782 | 30.929 | 28.506 | 27.002 | 31.926 | 29.139 | 27.219

V=0 |29.741 | 27.360 | 25.934 | 30.775 | 28.018 | 26.161 | 31.777 | 28.661 | 26.385

=+ ]29.581 | 26.850 | 25.058 | 30.621 | 27.520 | 25.292 | 31.627 | 28.174 | 25.524

2| V=- 126.174 | 24.556 | 23.798 | 27.344 | 25.287 | 24.044 | 28.466 | 25.998 | 24.288

V=0 | 25.992 | 23.987 | 22.839 | 27.170 | 24.735 | 23.096 | 28.299 | 25.461 | 23.350

=+ | 25.808 | 23.404 | 21.838 | 26.994 | 24.170 | 22.107 | 28.130 | 24.912 | 22.372

3| V=- |23.487 | 22.191 | 21.678 | 24.784 | 22.997 | 21.948 | 26.017 | 23.776 | 22.215

V=0 | 23.284 | 21.559 | 20.621 | 24.592 | 22.388 | 20.905 | 25.834 | 23.188 | 21.185

V=+ | 23.079 | 20.909 | 19.507 | 24.398 | 21.763 | 19.806 | 25.650 | 22.584 | 20.102

The length of nanobeam is considered to be L = 10 nm. Also, the dimensionless
deflection is adopted as

W = 10024,
qolL

(60)
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Figures 2 and 3 investigated for the effect of nonlocal parameters on a dimensionless
deflection through various magnetic potential, it is found that increasing the value of the
nonlocal parameters caused the increase in dimensionless deflection but positive electric
voltage leads to a reduction in deflection and negative potential rise the dimensionless
deflection. We understand from this subject that magnetic potential has a significant role
under dimensionless deflection and also dimensionless deflection null effect during zero
electric voltage. The effect of humidity is observed in Fig. 3 through the rise in dimensionless
deflection.

18
16
14
12
10

Dimensionless deflection

o N B OO

Fig. 2. Effect of nonlocal parameters on dimensionless deflection via Q = 0.5 (L/h=10,
Kw= K,=20, AH=1.5)
20
18 -
16
14
12
10

Dimensionless deflection

o N B O

Fig. 3. Effect of nonlocal parameters on dimensionless deflection via Q = 1.5 (L/h=10,
Kw= Kp=20, AH=1.5)

Dimensionless deflection of the nanobeam with respect to slenderness ratio through
various electric voltages are presented in Figs. 4 and 5. It is found that the external electric
voltage caused that softening deflection of nanobeam for positive values and external voltage
for negative values of nanobeam demonstrated a hardening effect. From this, the axial tensile
and compressive forces are exposed in the nanobeams via the constructed positive and
negative voltages, respectively. In addition, it is lightly observed that the dimensionless
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deflection is approximately independent of the slenderness ratio for zero electric voltages
(V=0). The increase in magnetic potential hardens the deflection.
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Fig. 4. Effect of slenderness ratio on dimensionless deflection via Q = 0.5 (L/h=10,
Kw= Kp=20, AH=1.5)
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Fig. 5. Effect of slenderness ratio on dimensionless deflection via Q = 1.5 (L/h=10,
Ku= Ky=20, AH=1.5)

Figures 6 and 7 are demonstrated for the variation of dimensionless deflection of
nanobeam with the moisture constant via various magnetic potentials. In this example, the rise
in moisture constants improves the value of deflection. Also, it is referred that the positive
voltage values stiffen the deflection more than the negative voltage. This result also indicates
that the effect of moisture weakens the nanobeam. The obtained results of these figures
indicate that the maximum deflection increases with increasing the magnetic potential of the
nanobeam.
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Fig. 6. Effect of moisture constant versus dimensionless deflection via Q = 0.5 (L/h=10,
K, =Ky=20)

Dimensionless deflection

AH

Fig. 7. Effect of moisture constant versus dimensionless deflection via Q = 1.5 (L/h=10,
Kp =Kw=20)

Figures 8-9 expresses the effect of critical temperature on the dimensionless deflection
via moisture coefficient rise with different electric voltage values. It can be noticed that the
rise in critical temperature drives to reduce the dimensionless deflection. Also, the moisture
coefficient rise expose the less amount of magnitude rise in dimensionless deflection while an
increase in temperature values. The results expose the truth that the moisture coefficient
variations soften the variant values via critical temperature.
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Fig. 8. Effect of critical temperature versus dimensionless deflection via AH=0.5 (L/h=10,
K, =Kw=20, Q = 0)
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Fig. 9. Effect of critical temperature versus dimensionless deflection via AH=1.5 (L/h=10,
Kp =Kw=20, Q = 0)

The variations of the dimensionless deflection of nanobeams versus Young's modulus of
silica aerogel foundation for various electric voltages are shown in Figs. 10 and 11,
respectively. It is found from this figure that regardless of the sign and magnitude of electric
voltage, the dimensionless deflection decreases with the increase of Young's modulus of silica
aerogel foundation, so the stiffness weakens of the nanobeam. It must be mentioned that the
rise in magnetic potential provides higher deflection.
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Fig. 10. Effect of Young's modulus of silica aerogel foundation versus dimensionless
deflection Q = 0.5 (L/h=10, u = 2,AH = 1.5)

Dimensionless deflection

Ef(GPa)

Fig. 11. Effect of Young's modulus of silica aerogel foundation versus dimensionless
deflection Q = 1.5 (L/h=10, p = 2,AH = 1.5)

The effect of height of the silica aerogel foundation on dimensionless deflection is
recorded in Figs. 12 and 13. By raising the height of the silica aerogel foundation the
dimensionless deflection is amplified for different applied electric voltages. Again the effect
of higher values of magnetic potential is pronounced.
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Fig. 12. Effect of Young's modulus of silica aerogel foundation versus dimensionless
deflection Q = 1.5 (L/h=10, u = 2,AH = 1.5)
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Fig. 13. Effect of Young's modulus of silica aerogel foundation versus dimensionless
deflection Q = 1.5 (L/h=10, p = 2,AH = 1.5)

6. Conclusions

External electric voltages on the deflection of Hygro-magneto-electro-elastic (HMEE)
nanobeams embedded on silica aerogel foundation are studied in this article. The governing
equations of nonlocal nanobeams based on higher-order refined beam theory are obtained
using Hamilton's principle and solved by analytical solution. A parametric study is presented
to observe the effect of the nonlocal parameter, slenderness, moisture constant, critical
temperature, and the foundation constants on the deflection characteristics of nanobeam via
different applied electric voltages. Some of the bolded highlights of this research are as
follows.
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The dimensionless deflection can be amplified using the higher nonlocal parameters.
The maximum dynamic response can be arrived at by choosing higher magnetic intensity.

e The system's dimensionless deflection can be gradually amplified when the electric
voltage is negative.

e The moisture values soften the dimensionless deflection in the presence of magnetic
potential.

e The dimensionless deflection may be weakened by bigger values of critical temperature
in a humid environment.

e The higher density of foundation (Young's modulus of silica aerogel) reduces the
stiffness of the nanobeam. On the other hand, the increase in height of th foundation
refers to an amplified deflection

e The compressive and tensile nature is proven in the deflection of nanobeams via positive
and negative voltage generation.
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