Vietnam Journal of Mechanics, Vol. 48, No. 2 (2026), pp. 173-185
DOI: https://doi.org/10.15625/0866-7136/23666

A NOVEL SHEAR DEFORMATION THEORY FOR
MAGNETO-ELECTRO-ELASTIC NANOPLATES

P. Phung-Van"'*, T. Nguyen-Thanh“'?, P. T. Hung ?, Chien H. Thai >*
YFaculty of Civil Engineering, HUTECH University, Ho Chi Minh City, Vietnam
2Faculty of Civil Engineering, Ho Chi Minh City University of Technology and Engineering (HCMUTE),
Ho Chi Minh City, Vietnam
3Mechanics of Advanced Materials and Structures, Institute for Advanced Study in Technology,
Ton Duc Thang University, Ho Chi Minh City, Vietnam
*Faculty of Civil Engineering, Ton Duc Thang University, Ho Chi Minh City, Vietnam
*E-mail: pv.phuc86@hutech.edu.vn

Received: 23 October 2025 / Revised: 2 December 2025 / Accepted: 8 December 2025
Published online: 9 December 2025

Abstract. This study proposes an innovative and efficient theoretical model for analyzing magneto-
electro-elastic (MEE) nanoplates. A novel approach, formulated using third- and fifth-order
Chebyshev polynomials based on Eringen’s theory and the shear deformation theory, is developed.
This formulation automatically enforces the zero-shear-stress condition at the plate’s top and
bottom surfaces, eliminating the need for any supplementary constraints. Applying the principle
of extended virtual displacement, the formulation is developed in weak form. By integrating
a nonlocal isogeometric analysis, the proposed model effectively captures small-scale effects in
MEE nanoplate structures. The natural frequencies of the MEE nanoplate are investigated with
respect to geometric and a nonlocal parameter. Comparative numerical results verify the reliability
and superior performance of the proposed theory over existing higher-order shear deformation
models.

Keywords: Chebyshev polynomials, magneto-electro-elastic (MEE) materials, nonlocal effects,
nanostructures, isogeometric analysis (IGA).

1. INTRODUCTION

Owing to their inherent coupled mechanical, electrical and magnetic behaviors, magneto-
electro-elastic (MEE) materials have become prominent candidates for various advanced techno-
logical applications in sensors, advanced aerospace, robotics, and wearable devices, etc., (Martin
et al., 2008; Von Hippel, 1950; Zheng et al., 2004). At the nanoscale, their mechanical responses
become size-dependent, which classical elasticity theory cannot describe due to the absence of a
characteristic material length scale. To overcome this limitation, several generalized continuum
theories, such as couple stress, nonlocal, strain gradient and surface elasticity theories, have
been proposed. Among these, Eringen’s theory is widely used, as it accounts for scale effects by
relating the stress at a point to strains across the entire domain. This theory has proved effective
in modeling the buckling, vibration and static behavior of nanostructures.

Within this framework, numerous studies have addressed the mechanical behaviors of
MEE nanostructures. Using analytical solutions, Ke et al. (2014) studied the free vibration of
MEE rectangular nanoplates, while Jafarsadeghi-Pournaki et al. (2015) investigated circular
nanoplates. The size-dependent analysis of MEE nanoplates resting on a foundation was
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examined by Jamalpoor et al. (2017). Liu et al. (2013) examined the vibration of piezoelectric
nanoplates using Kirchhoff plate theories. Employing the classical plate theory and the nonlocal
strain gradient framework, Esen and Ozmen (2022) addressed the vibration and buckling of
porous MEE nanoplates. Mohammadimehr and Rostami (2017) utilized an analytical solution to
perform the structural responses of MEE nanoplates. Zur et al. (2020) adopted the sinusoidal
shear deformation theory to evaluate the critical load and natural frequency of MEE nanoplates.
Gholami and Ansari (2017) studied the postbuckling behavior of MEE nanoplates based on
analytical methods. Moreover, Malikan and Nguyen (2018) examined the hygrothermal buckling
analysis of MEE nanoplates through a one-variable plate theory. Subsequent advancements
of the nonlocal strain gradient framework for MEE nanoplates were presented by Phung-Van
et al. (2024), Thai, Hung, Nguyen-Xuan, and Phung-Van (2023), and Thai et al. (2024), whereas
small-scale effects on MEE microplates were also discussed by Hung et al. (2023, 2023).

Despite these significant contributions, the coupling of nonlocal elasticity theory with
isogeometric analysis for MEE nanostructures has yet to be addressed in the open literature. The
present study aims to fill this gap by proposing a novel computational approach that integrates
third- and fifth-order Chebyshev polynomials-based shear deformation theories within Eringen’s
nonlocal elasticity framework using an isogeometric analysis scheme for the analysis of MEE
nanoplates. It is also noteworthy that the Chebyshev shear deformation theory has been
previously applied to plate structures (Hung et al., 2025; Phung-Van et al., 2025; Thai et al., 2025),
though without accounting for size-dependent effects. Compared with available formulations,
a notable advantage of the proposed approach is that the zero-shear-stress condition on the
plate’s top and bottom faces is satisfied inherently, with no supplementary constraints required.
Therefore, the proposed formulation not only extends the applicability of nonlocal elasticity
within IGA but also introduces an innovative perspective for the accurate modeling of MEE
nanostructures at small scales.

2. NONLOCAL ANALYSIS OF MEE NANOPLATES

According to the special Helmholtz averaging kernel, L = (1 —¢*V?), and Eringen’s
elasticity theory (Eringen, 1972), the basic equations for MEE structures are expressed as follows:

(1-&*V?) tij = cijuen — eiEx — quijHis

(1—&*V?) D; = ejner — kikEx — dicH,

(1-¢ Vz) Bi = qiniex — dixEx — pixHy, (1)
(1-2V?)tj=0yj, (1-¢*V*)D;=D; (1-¢*V?) B =B8,

oijj = (1 - §2V2) pti;, Bij;=0, D;; =0,

where ¢ is the scale parameter for the size effect; 0;j, D; and B; represent the local stress, electric
displacement, and magnetic induction components, respectively; tij, D;, and B; are the nonlo-
cal stress, electric displacement, and magnetic induction components, respectively; p and u;
are the mass density and displacement components, respectively; c;j, e;, qij, kij, dij, yi; are the
piezoelectric, piezo-magnetic, dielectric permittivity, electromagnetic, and magnetic permittivity
coefficients, respectively; ¢;;, E; and H; represent the strain, electric potential, and magnetic
potential components, respectively.

Based on the principle of extended virtual displacements, the equations of motion for the
MEE structures are obtained as follows:

/O'i]‘,j(SMidV + / Di,i(SCDZ-dV + / Bi,i5‘FidV + / (1 — szz) pﬁiéuidv =0, (2)
1%

where 0Y;, 6®; and du; are the virtual magnetic potential, electric potential, and displacement,
respectively.
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Applying the divergence theorem while omitting the Neumann boundary tractions yields

/5( i) Todv — /5

where 51/[1',]' = 581']', (Sq)i,i = —5EZ‘, (SCDZ',Z' = —5E1‘.
Eq. (3) can be rewritten in compact form as

U+ 6K =0,

‘U = / sz] O'Z]dV / DdV /

5K = / — 2V2) 6(u;) pitsdV,

in which éU and JK are the virtual strain energy and virtual kinetic energy, respectively.

)TD,dV — /5 de+/

where
B dv,

3. DISPLACEMENT FIELDS
According to Reddy (1984), the displacement fields are given as

—&2V?) 6(u;)" pii;dV =0,

u Uup ,Bx 0y
=100 —28 By +f(z)40, 7,
W w 0 0

where 6, and 6, represent the rotations; u,v
and w are the displacement components; S, =
wyx and By, = w,,; f(z) is known as the transverse
shear function, which defines the distribution of
shear stresses across the thickness, assuming that

the top and bottom surfaces are free of shear stress. ~ _ . f(z) (5th) y
In the present work, a unified formula (Hung et ™ | K
al., 2025; Phung-Van et al., 2025; Thai et al., 2025) I .

is employed, in which Chebyshev polynomials of A Pt
various orders are utilized, as detailed in Table 1, H\ 2 (rg) AT

where the parameter p denotes the polynomial or- T

der. Fig. 1 shows the Chebyshev polynomial and 05 il ‘

its derivative. It can be observed that the zero- R i(z) f'(z‘)‘ ¢ °

shear-stress requirement on the plate’s top and
bottom faces is inherently fulfilled within the pro-
posed formulation without the introduction of ex-
tra conditions.

Based on Eq. (6), the strains can be written as

Y= {')’xz 'sz}T = &0 +f/(z)£slr
where f'(z) is the derivative of f(z) and

0.5

)

(4)

©)

(6)

Fig. 1. Chebyshev polynomial and
its derivative
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Table 1. The Chebyshev function

p =3 (3rd) f(z) = cos (3 cos ! <%>)
p =5 (5th) f(z) = cos<5 cos ! (%)) + %z

The present formulation employs electric and magnetic potentials consistent with those
in Ke et al. (2014)

2
®(x,y,z,t) = —cos (%) ¢ (x,yt)+ WZV(),

2
Y (x,y,z,t) = — cos <%) Y (x,yt)+ WZQO,

where V) is the electric voltage and () is the magnetic potential.
Magnetic and electric potential components can be expressed

— Cos (E) Qx
{Ex} {¢,x} <7€l )qo
E=!E, Y =_{® = — — Cos ,
EZ (DZ T, nzh ;VO

©)

hm<ﬂé+h (10)
I
H{H;}{‘F;} —COS(%)lP,y ,
H, Y, T nz 20

oin (5) v+ 50
where 06U in E (4) can be reformulated as follows

su = /(55 D’ &-D° E,—D’ H, dQ+/ (&)" (D5, &—Dj E—Dj, H;) dO

— /Q 5(Ep)” <D§u£b+DfeEb+Dmeb) do — /Q 5(Es)" (D},& + DLEs + D, H;) dQ (1)

~ [ (8" (D},.8+ D), By, ) dO— [ S() (D)8 4+D50 Bt D) A0,

(@)
0
0.,
¥

Al B EP
_ A° B°
H, = {Elzx} D, B* D' P, Ditu:[BS DS]’
Y B O g

(Ab,Bb’Db,Eb,Fb,Hh> — /h/z (1,z,2% f(2),2f(2), f*(z)) Cuupdz,

—h/2
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h/2

(a%,8°,D%) = [ ) (17 (2), % (2)) Cunsdlz,
Dl = {€ Cly G}’ (€ €l €)== [ hh/;Cueb (1,2 f (2)) 7sin (57) dz,
=€ Chs s (Co €l €)= = [ Cumo (L2, (2)) T sin () ez
= (S ol () == [ Cuc(17) (—eos (BF))
= (S Chod (i) == [ e (157(2)) (o (7))
0.+ / o (on () 01— [ o (-eos ()
0%, - / cembc: an ()t = [ (oo ()

h/2 Tz 2 _ h/2 Tz 2
- dz, DS, — / C (— (—)) dz,
o C,umb sm( p )) z, Dy a1 Ccos p z

Db — DbT DS _ DST Db — DbT DS — DST Db _ DbT DS _ DZ;Z;/

ue’ ue’s umrs umr’s em’

(12)
in which
ci1 ¢ O 0 0 ey 00 Js1 00 O
Cuv= 1|1 22 0|, Cup=10 0 &|, Chpp=10 0 g32|,Cop =10 0 0],
0 0 Cg 00 O 00 O 0 0 ks
_lss 0 _|leis 0 ;5 0 [k O
CMMS - |: 0 E44:| 7 Cues - |: 0 —24:| 7 Cums - |: 0 [724 7 CE‘CS - 0 ]222 7 (13)
00 O 00 O -
d 0 i 0
Cemp = |0 0 _0 s Coump =10 0 0 rCems:|:51 J]/Cmms:{yél - ]
00 d33 00 ﬁ33 22 U2z,
and (Ke et al., 2014)
. 6%3 o 6%3 . _ o _ €33€13
C11 =C11— — €12 =C12 — ——, C66 = Ce6, C55 = €55, C44 = C44, €31 = €31 — ’
€33 33 €33
2
- _ C13 e
15 = e15, q31 = Q33 , §15 = q15, kaz = k33 + B kg =k, daz =dasz + %33333/ (14)
q2
di1 = dn, fiss = Y33 + ~ flil = M1,
6K in Eq. (4) is similarly formulated as
5K = / (1— §uv?) 6a"L,idQ = 0, (15)
Q
where
ug U Bx Oy L L L
a=<uw,, w=4q0,, w=—¢pyr, w=<¢0,,, L= |L I3 I5,
up wo 0 0 I I Ig (16)

h/2
(I, I, 13,14, 15, Ig) = /h/zp (1, z,zz,f(z),zf(z),fZ(z)) I33dz,
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where p is mass density.
The expression for the change in potential energy resulting from in-plane loading, including
pre-buckling mechanical forces, is as follows:

T h elec mag
Nfeeh L Ne¢© L N 0 w
_ ZVZ x x x X O
h/ —¢ {wy} [ 0 N;““h + Nyelec + N;”ug] {w,y} do,

17)
or

—h/ ngZ g)T [N;:ZECh"‘N;lec"‘N;mg 0

0 N;nech + N;lec + N;”ag] Bng/ (18)

where N’"“h and Ny mech indicate the in-plane mechanical loads, and Nel“ = N;l“ = 2e31Vp ;
Ny = N 8 = 2q3100 (Jamalpoor et al., 2017; Malikan & Nguyen, 2018).
Consequently, the equations of motion in Eq. (4) are written as

SU + 6K — 5V = 0. (19)
4. NURBS BASIS FUNCTIONS

Using NURBS basis functions (Nj), the displacement field in Eq. (6) is represented as
follows (Hughes et al., 2005):

mxn

v (x,y) = Y Ni(x,y) Ioxoqy, (20)
=1

whereq; = {u; v; wr 60 6y Bxr By @1 ¢1}T-
Substituting Eq. (20) into Eq. (8), we have

T mXxXn T m><n_
& ={ew e e} =), {Bwor By Buu} qr= ) Buqs
=1 =1
(21)
T mxn T m><n_
& ={e0 &1} =) {Bsor Bsir} qr= ) Baqs
=1 =1
where
NI,XOOOOOOOO- 000O0O0OO0OON, O 0O
Buor=|0 Ny 0000 O0OO|,Byy=—/0000000 0 Ny 00
Niy Nix 00000 0 0 0000000 Ny Ny 00
000Ny, 0O 000 0
Biy=1000 0 Ny 000 0|,
0 00 Ny Niy 000 0]

(22)

00 Nx 0O -Nf 0 00 B
s0I — 00 NI,y 00 0 _NI 0 0:| ’ BSlI - |: :| . (23)
Substituting Eq. (20) into Eq. (10), we obtain

mxn mxn mxn mxn

Eb = Z Bbq,]d[, Es = ; Bs¢1d1, I:Ib = Z thpldlr I:Is = Z Bswldb (24)

o o
o O
Z

0
0

o o
o O
o O
o o
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where
_ 00007000 0 - 0 000O0O0OO0O —N;, O
Bpyr = OOOOOOOOO,BS(pI:OOOOOOO_N'O,
| 0000000 —N; 0] ly
_ 00000000 0 - 0000 O0O0O0 0 —Niy
By = OOOOOOOOO’BSWZOOOOOOOO—N,
| 00000000 —N by
(25)
Inserting Eq. (20) into Eq. (16) yields the components of the displacement fields as follows:
T mxn T m><n_
a={uw w w} =) {My My My} q =) Mg, (26)
=1 =1
[ N, 0 0 00 0O0O0O 0000O0ON 0 00O
My; = 0O NN O OOO0OOOO| ,My=—| 00000 0 N 0O,
| 0 0 N, OO O0OO0OO0O 000O0O0OTO0O O 0O
[ 000 N O 0O0O0O
M;; = 000 0O N OO O 0f.
| 000 0 0 0O0O0O
(27)
The matrix B, is represented as follows
mxn
B, = ) Bgd, (28)
=1
where T
00 Njy 000O0O0O
Bor = [OONWOOOOOO} @9

The final equation is obtained as follows:
(K—Kg) —w’™)q =0, (30)

where K, M and K, are the global stiffness matrix, mass matrix, and geometry matrix formulated
as follows:

K = /Q (B,)" DY, B,dQ — /Q (B,) DL, B,,dO2 — / "D}, B,,d0+ / (B:)" D5, Bsd)
_ _ _ _ _ _ T _ _ T_, _

_ /Q (B,) "D, B,,dO — /Q (B.)'D5,,B,,dO — / ) DB~ [ (B,,) DLB,dO
_ T . _ _ T_  _ _ T_  _

_ /Q (Byy) DliByyd /Q (B.,) D;B.dO - /Q (BW) D;,B,,d0 — /Q (

T T T

D 21200 5. D b D 21208 .

_ /Q (Byy) DhBedO— /Q (Boy) DheByydQ— /Q (Byy) DhiByydO - /Q
T ] T ]

. /Q (BS¢> D;,B,,d0 — /Q (BS¢ mBeydQ,

T Nelec+Nm“8 0
Kg:/ (1_§2v2) (Bg) [ x . x N§IEC+N§”g B,dQ),
M — / — 2v2) ML, MdQ,

31
in which w and q are the natural frequency and mode shape, respectively.
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5. NUMERICAL EXAMPLES

This section considers a MEE nanoplate made of BaTi;O3 and CoFe,Os. Table 2 provides the
corresponding material properties. Two MEE models including square and circular nanoplates,
as shown in Fig. 2, are performed. The non-dimensional frequency is subsequently examined
and derived as follows:

+ Square nanoplate w = wL+\/p/c11e, (32)
RZ
+ Circle nanoplates w = W= vV P/ C11e. (33)

Table 2. Material properties of BaTirO3-CoFe;O4

Elastic (GPa) C11 = Cxp = 226; C1p = 125; C13 = 124; Cq4 = C55 = 44.2; Cop — 50.5
Piezoelectric (C/rnz) e31 =e3p = —2.2;e33 = 9.3;e15 = 5.8

Dielectric (1077 C/V.m) ki1 = kpp = 5.64; k33 = 6.35

Piezomagnetic (N/A.m) q15 = goa = 275;q31 = q32 = 290.1; 933 = 349.9

Magnetoelectric (10712 Ns/VC) dy = dyp = 5.367;d33 = 2737.5

Magnetic (107° Ns?/C?) H11 = M2 = —297; uzz = 83.5

h
v
-

(a) A square nanoplate (b) A circle nanoplate
Fig. 2. MEE nanoplate models

5.1. A square MEE nanoplate

Considering a simply supported square MEE plate with a length (L) and thickness (&), the
influence of ¢y = ¢/ L on the lowest two fundamental vibration modes of the MEE nanoplate with
L =60, L/h = 15 is summarized in Table 3. The numerical outcomes obtained in this study are
verified with those reported by Ke et al. (2014) employing the Kirchhoff plate theory, by Gholami
et al. (2017) using HSDT, and by Thai, Ferreira, et al. (2023) through isogeometric analysis.
Overall, the results in Table 3 show excellent agreement with the analytical solutions (Ke et al.,
2014), the Navier’s solution approach (Gholami et al., 2017), and the numerical method (Thai,
Ferreira, et al., 2023), demonstrating the reliability of the proposed approach. The results further
show that larger values of the nonlocal parameter lead to lower natural frequencies, indicating a
softening effect on the structural stiffness.

Subsequently, the first five natural frequencies of the MEE nanoplate with L/h = 10 and
100 are analyzed, with the outcomes presented in Table 4. The results once again reveal an
excellent correspondence with those available in the literature. In addition, it is evident that as
the length-to-thickness ratio decreases, the corresponding frequencies rise, indicating a stiffening
behavior in thicker plates.
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Table 3. The lowest two frequencies of the MEE nanoplates (L = 60,L/h = 15)

ey = 0 ep = 0.2 ey = 0.4
Model Mode2 Model Mode2 Model Mode?2
Thai, Ferreira, et al. (2023) 0.3830 0.9329 0.2863 0.0541 0.1878 0.3128

Method

Gholami et al. (2017) 0.3682 0.9136 0.2753 0.5372 0.1806 0.3103
Ke et al. (2014) 0.3698 0.9247 0.2764 0.5362 0.1813 0.3100
Present (p = 3) 0.3830 0.9329 0.2863 0.5410 0.1878 0.3128
Present (p = 5) 0.3830 0.9330 0.2863 0.5410 0.1878 0.3128

Table 4. Effects of the length-to-thickness ratio on the first five frequencies of the MEE nanoplate

Mode
L/h o Method
1 2 3 4 5
100 1 Thai, Ferreira, et al. (2023)  0.0128  0.0206  0.0206  0.0261  0.0293
Present (p = 3) 0.0128 0.0206  0.0206  0.0261  0.0293
Present (p = 5) 0.0128 0.0206  0.0206  0.0261  0.0293
0.5 Thai, Ferreira, et al. (2023)  0.0240  0.0400 0.0400 0.5130  0.0578
Present (p = 3) 0.0240  0.0400 0.0400 0.0513 0.0578
Present (p = 5) 0.0240 0.040 0.0400 0.0513  0.0578
10 1 Thai, Ferreira, et al. (2023)  0.1234  0.1878  0.1878 0.2275 0.2476
Present (p = 3) 0.1234 0.1878 0.1878 0.2275 0.2476
Present (p = 5) 0.1234 0.1878 0.1878 0.2276  0.2477
0.5 Thai, Ferreira, et al. (2023)  0.2307 0.3649 0.3649  0.4468 0.4879
Present (p = 3) 0.2307 0.3649 03649 0.4468 0.4879
Present (p = 5) 0.2308 0.3649 03649 0.4469 0.4881

Finally, the mode shapes associated with the six lowest vibration modes are depicted in
Fig. 3. These shapes are consistent with the expected physical deformation patterns of the
nanoplate, further validating the accuracy of the current numerical model.

(b) Mode 2

(d) Mode 4 (e) Mode 5 (f) Mode 6

Fig. 3. The lowest six mode shapes of the MEE nanoplates with L/h = 10 and ¢y = 0.5



182 P. Phung-Van, T. Nguyen-Thanh, P. T. Hung, Chien H. Thai

5.2. A circular MEE nanoplate

For MEE circular nanoplates with a radius R, the non-dimensional natural frequency is
formulated in Eq. (33). The first natural frequency of a clamped MEE circular nanoplate
is computed, and the results are provided in Table 5. The data show that a larger nonlocal
parameter reduces the frequency, reflecting a decrease in the effective stiffness. Conversely,
increasing the radius-to-thickness ratio results in higher natural frequencies.

Table 5. The first six frequencies of the clamped MEE circular nanoplate with R = 10

Mode
R/h Method
1 2 3 4 5 6

10 Present (p = 3) 2.8271 54692 54692  8.2828  8.2828 9.2384
Present (p = 5) 2.8273 54699 54699 8.2844  8.2860 9.2403
Present (p = 3) 2.5881 45767 45767 6.3978  6.3991 7.0073
Present (p = 5) 2.5883 45773 45773  6.3990  6.4002 7.0086
Present (p = 3) 22948 3.7328 3.7328 49417  4.9417 5.3691
Present (p = 5) 22950 3.7333 3.7333 4.9426  4.9436 5.3701

50 Present (p = 3) 29211 58138 5.8138 9.0562 9.0904 10.2078
Present (p =5) 29211 58138 5.8138 9.0562 9.0905 10.2079
Present (p = 3) 2.6720 4.8553 4.8553 6.9754  7.0065 7.7267
Present (p = 5) 2.6720 4.8553 4.8553 6.9754  7.0066 7.7268
Present (p = 3) 23675 39550 39550 5.3805 5.4073 5.9178
Present (p = 5) 23676 39551 39551 5.3806 5.4074 5.9178

Subsequently, the effects of both the applied electric voltage and magnetic potential on the
fundamental frequency of the clamped MEE circular nanoplate with (p = 5) are investigated,
as presented in Fig. 4. The results reveal opposite trends: the frequency rises as the electric
voltage increases, whereas it declines when the magnetic potential becomes stronger. These
trends imply that an elevated electric voltage enhances the effective stiffness of the plate, while
a higher magnetic potential reduces it.

2.899188

2.899186 -

2.899184 -

2.899182

2.89918 |-

2.899178 -

2.899176 [

2.899174
-5

Fig. 4. Effects of the magnetic potential and external electric voltage on the first frequency of the clamped
MEE circular nanoplate (R = 10, R/h = 20, ¢)
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6. CONCLUSIONS

This study presented a novel theoretical framework for MEE nanoplates by combining
Eringen’s theory, the Chebyshev shear deformation theory, and isogeometric analysis. The
formulation, derived through the principle of extended virtual displacements, successfully
incorporates small-scale effects while maintaining computational efficiency and accuracy. Be-
sides, this formulation automatically enforces the zero-shear-stress condition at the plate’s top
and bottom surfaces, eliminating the need for any supplementary constraints. The numerical
investigations demonstrate excellent agreement with reference results, confirming the reliability
and robustness of the proposed model. Parametric studies reveal that increasing the nonlocal
parameter leads to a noticeable reduction in natural frequencies, highlighting the softening
influence of nonlocal effects on the structural stiffness of nanoplates. Conversely, decreasing the
length-to-thickness ratio produces higher frequencies, indicating enhanced stiffness in thicker
plates. Moreover, applying an electric voltage effectively enhances the plate stiffness, whereas
increasing the magnetic potential reduces it. Overall, the proposed nonlocal Chebyshev-IGA
formulation provides an accurate, efficient, and versatile tool for the calculation and simulation
of MEE nanostructures, advanced nano-scale devices, and smart material systems.
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