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Abstract

Piezoelectric materials, due to their electromechanical coupling properties, are widely used as
actuators and sensors in intelligent structures to control vibrations and bends of multilayer
sheets with piezoelectric layers. In this paper, the response of free vibrations of a multilayer
composite shell with the new Generalized Differential Quadrature Method (GDQM) for
different boundary conditions is investigated. The governing equations are obtained by
assuming first-order shear theory and using Hamilton's principle. The generalized quadrature
differential method is used to solve the obtained equations. To use this method, coding has
been done in MATLAB software. Due to the same thickness of the layers, as the number of
composite layers increases and the total thickness is constant, the thickness of each layer
decreases, and consequently the thickness of the piezoelectric layer decreases. Comparing the
results of this method with the work of other researchers shows that this method has good
accuracy.

Keywords: Composite shell, Piezoelectric, material, Hamilton's principle, GDQM Method.

1 Introduction

Combining composite materials with piezoelectric materials can provide very good properties for use in
various electromechanical systems as sensors and operators. Piezoelectric properties were scientifically
expressed by Pierre and Jacques Corey in 1880. They described the direct and reverse effect as the basis of
piezoelectricity. If the operating frequency of the system reaches the value of the natural frequency of the
system, the deformations will be very large and the structure will be destroyed. In this study, the effect of
mechanical and geometric parameters of vibrational behavior of a three-layer electric scaling sheet is
investigated. Research on past references can further demonstrate the need for this research. Jay-Hong Han et
al. [1] analyzed a composite sheet with a piezoelectric layer of sensor and operator to control vibrations using
layered theory. Plate theory, it is concluded that the developed model can describe more realistic smart
composite plates with distributed piezoelectric actuators. Narayanan et al. [2] performed a finite element
method for modeling intelligent structures with a piezoelectric layer for active control with operator and sensor
layers. Heidary et al. [3] performed the forced vibration control of a thermoplastic composite sheet with
piezoelectric. Based on the classical theory of sheets, they derived the equations of motion of the sheet around
the joint using Hamilton's principle. Zhang et al. [5] investigated optimal shape control of CNT reinforced
functionally graded composite plates using piezoelectric patches. Sharma et al. [6] using piezoelectric layers
as sensors and the operator investigated the vibration control of carbon nanotube-reinforced composite sheets.
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Ansari et al. [7] used the Reissner-Mindlin strain gradient theory for Nanoshells of functional materials. length
scale parameters, material properties, temperature difference, and compressive axial loads on the natural
frequencies, critical flow velocities, and instability of the system. Farzam-Rad et al. [8] used this method and
theory of quasi-three-dimensional shear deformation for sheets of functional materials. Chen et al. [9] proposed
a model for the piezoelectric thermomechanical coupling, which also used the Hamilton method and the
Rayleigh method to obtain the governing nonlinear equations. And they solved the equations by the harmonic
balance method and compared the results with the Runge—Kutta numerical method. They found that the
frequency increases with increasing temperature while the resonance amplitude decreases. In this research, to
evaluate the efficiency and accuracy of the analysis method from the solution of piezoelectric composite
multilayer sheets is investigated. The generalized differential squares method is used to discretize the
governing equations and boundary conditions, to improve the differential squares method, and also to calculate
the weight coefficients. In recent years, this method has been considered by researchers in various branches of
science due to its high accuracy and convergence rate. The nature of the method of differential squares is a
partial derivative of a uniform function concerning a variable that is approximated by the weighted sum of the
values of the function at all discrete points in that direction. The weight coefficients associated with it are not
problem-specific and depend only on the network points and the derivative order. In this method, network
points are selected optionally and without any limitation. The three-layer sheet under study consists of a
composite layer and two connected layers at the top and bottom made of piezoelectric calibrated materials.
Changes in mechanical and electrical properties in the core and equipped layers are considered in general and
differently. Vibrating characteristics and flexural behavior of the structure can be controlled by using
piezoelectric calibrated materials. Safarpour et al. [10] The validity of the current approach is assessed by
comparing its numerical results with those available in the literature. Especial attention is drawn to the role of
GPLs weight fraction, patterns of GPLs distribution through the thickness direction, geometrical parameters
such as semi-vertex angle, length to the mid-radius ratio on natural frequencies, and bending characteristics.
Habibi et al. [11] investigated vibration analysis of a high-speed rotating GPLRC nanostructure coupled with
a piezoelectric actuator. The results of the current study are useful for the design of materials science, micro-
electro-mechanical systems, and nanoelectromechanical systems such as nano actuators and nanosensors.
Ebrahimi et al. [12] investigated frequency characteristics of a GPL-reinforced composite microdisk coupled
with a piezoelectric layer. Ramegowda et al. [13] investigated finite element analysis of a thin piezoelectric
.Numerical results are given for various electrical configurations of actuators and sensors to validate the present
method. Comparison with an exact solution illustrates the accuracy, efficiency, and capability of the developed
solid direct and shell inverse-piezoelectric analysis coupled with a pseudo-direct-piezoelectric evaluation
method to capture the sensor and actuator response of a thin piezoelectric bimorph with a metal shim.

2 Problem statement and Governing Equations

According to the first-order shear theory for plates, as Figure 1 shows, the transverse normality does not remain
perpendicular to the center plate after the plate deforms. The reason for this is to consider the effects of shear
stresses on deformation. In thick sheets and plates, shear stresses will increase significantly, and therefore in
the analysis of thick plates, a theory capable of considering the effects of these stresses should be used. For
this purpose, will use the first-order shear theory [1]. Figure 1 shows the sheet under consideration in the
problem.
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b) Deformation of a plate considering the shear
strain energy [1].

Figure 1.The sheet under consideration in the
problem.

According to Figure 1, the displacement field will be as follows:

u(X Y, z,t)=uy (X, y,t)+ 2y, (X, y.t)

V(X Y,2,8) =V, (X, y,t) + 2w, (X, y,t)

)

w(X, Yy, z,t)=w, (X, y,t)

That, u, v ,w In order of the components of the displacement at any point in the desired direction x,z, y.
Uy, Vo , W, also to the components of displacement on-page z =0. v, and y, respectively, they indicate a
transverse vertical rotation around the y and x axis and will be equal to:

L

Yy

If the beam or plate is thin and as a result, the transverse shear strains are small, which will lead to the

_
oz

_w
oz

(2)

3)

perpendicular cross-section of the beam or plate to the neutral plate, we will have:
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(4)

()

In this study, all values of u,, Vv, , W,,y,,y, the unknown will be considered a problem. The strain-
displacement relations will be as follows:

_ou

= — =&y +IK,
OX
N o
ey:5:£y+21cy
[
fooz
ou ov o
7xy:5+&:yxy+zxxy
Ve =7y
yXZ_y)((JZ
That:
o _ O _ oy,
X X
o _ NV oy,
Ey—a Ky—W
0 _ 0y N _ow, oY
Yooy X Yooy ox
ow,
VSZ_EOHI/y
oW,
0 0
=—04
7)(2 6)( l//)(

Tension-strain relations for layer k they will be as follows:

(k)

Oy Qu
O-y = Q12
O-xy Q16

KX

0

X

{ Vi,
Yy Ky

{%}m: G
Ox _645

Vre

(§12 (§16 v
922 ?26
QZB QGG

645}(”
Q55

(6)

(7)

(8-a)

(8-b)

That Qﬁk) decreased stiffness of k the layer [1]. We will have motion equations for pages according to

Hamilton's principle:
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[T (6 +ov -5K) dt=0 9)
That:

Strain energy changes, sU , Potential energy changes, & and Kinetic energy changes, sK . These changes will
be equal to:

U =["[[" [0, (562 + 2%, )+, (82 + 2%,

h/2 (10)
+0,, (57xy +20K,, ) +o, 57/32 +0, 5)/32 J dzdxdy
v = [ [, [, a0xy.t) dzdxay (11)
SK = p| (U + 2y, ) (SU, + 26y, )
[EL "

(Vo + 237, ) (8%, + 28y, ) + OV, |dzdlxdly

According to Figure 1, L, W ,h the length, width, and thickness of the page, respectively, and p, the density is
related to the layer from which the integral is taken in terms of thickness. q(x,y,t) the extensive external load

applied to the system. The following are the definitions of force and moment, and Figure 2 shows these results
for a rectangular plate.

Figure 2. Force and moment result in planes parallel to the coordinate axes [1].
These results will be equal to:
(k)

NX
N, z j o dz (13-a)
NXY xy
M, . o, ©
M, :ZJ‘Z“ o, ¢ 20z (13-b)
M k=1 "%

Xy O
Qx 3 sy O-xz ®

=K dz 13-c

{Qv} kZ:i'L“ {Uw} (13-c)
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In Equations (6) and (7), the cross-sectional strains of the whole plate are in the direction of constant thickness,
which according to relation (8) the cross-sectional stresses will also be obtained in the direction of constant
thickness. According to the introductory theory for homogeneous beams, the changes in cross-sectional
stresses in the direction of thickness are parabolic. In beams, plates, and composite shells, the changes in cross-
sectional stresses along the thickness will be at minimum second degrees. The difference between the actual
stresses and the stresses obtained from the first-order theory is corrected by multiplying the shear force results
by a constant number Ks. Various values have been reported for this coefficient, in which the value % for Ks

will be obtained [1].
By placing relations (8) in relations (13):

» A A A |]E
y (= Ay Ay A € S
Xy Ar A A |7 Ey

N
N
N
B. By, B Ky
+

B,, By By |1k y
B

2 Bes Ky

x o

o < o

M, B, By, B €
M, r=|By B, By |1¢
M

s B Bes 7,

>
<

{Qx}zK [ &) {yz}
Qy : A45 A44 732

h2 — L
(A.B;.D;) :J:h/ZQij (1, z,22)dz, i, j=1,2,6

That:

(14-a)

(14-b)

(14-c)

(15)

By placing relations (6) and (7) in relations (14), the results will be obtained according to the components of
displacement. By substituting relations (14) in relations (10) to (12) and substituting the answer obtained in

relation (9):
T ¢W L 0 0
[0 1 T INSGe] + M, i, +N, 3y + M, o,
+nyc')‘;/fy +M, K, +Q.72 +Qy§7/3Z +qow,
1y (U8l + VoV, + VoV, )
1, (17,80, + 17,8V, +UySy, +V, 5y, )
1, (v, 87, +7, 69, )] dxdydt =0
That:

li = J‘fr/]/zzpzidz :Za:fm p(k)zidz’ i=012
k=1 "

By substituting relations (7) for relations (16) and (17), will have an integral part:
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0Jdo Jo X oy atz ot?

[N, N, azvo ay/y 0,
iy Lot
M, M, o 62y/
R A R
[ax SPRLINA
[6M oM, -|%—|a"’y 5 (18)
X ay Y atZ 2 at2 y
2,
{a X+E q(xy.t)-I av;’”}&wo} dxdydt
X

2
T x=L
T TN+ M 8, 4N, 0%, + M, Gy, +Quom, | dydt

+'[0J' [ wOUy + M0, + N oV, + M oy, +Q, §wo} dxdt=0

Using the Fundamental lemma of the calculus of variation, the equations of motion will be obtained as follows:
oN 2 2
al\IX+ Xy:Ioalio+llal’iX
X oy ot ot
oN,, ON, | 82v0 | 8zwy
x oy e e
aQ, A o’w,

+—2+q(xy,t)=1 0
x oy q(xyt)=1, e (19)
oM 2
oM, M, Q_Iau0 |26"2X
x oy ot? ot
M, M, -, v, | oy,
X oy tatr 7 at?

The piezoelectric relations are given in the following index [14]:
Oij = Cijki €kl — €kij Ex

(20)
D; = ejxi € + €ix Ex

Due to the thinness of the piezo layer, will neglect the shear term in this layer and as a result, in relations (12),
we will have for the piezoelectric layer:

Oxx = C11€xx — €31 E;
o= (3 ) ()
D \0 e33/lE, (21)
0 €15 Exx
+ <631 0 ) {SXZ}
Due to the thinness of the piezoelectric layer, electrical displacement in the other two directions of the

piezoelectric layer can be neglected. Eventually, the piezoelectric relationships of the layers will be reduced
as follows:

Oxx = C11€xx — €31 E;
(22)
DZ = €31 &x + €33 EZ
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Since there is no external electrical charge in the sensor, the electrical displacement of this layer will be zero
in line with the thickness; so:

auo aw( )
D, = es; (6_+ a_X)s+ €33 E; =0
ES _ ei (auo ‘I—'(X))s
z €33 ax ax
Based on this, the sensor stress relation is obtained as follows:

e.12  du 0

0% = (C11 + —) (G +2 —20)° (24)
€33 X X

On this basis, by placing the electric field strength in the sensor and the experimental relation E; = ¢; [14]
with each other and integrating into the direction of z:

Z3
Vs =f E; dz
Z

2

vs = _ Gs1hs (6110 +hs, Jveoys (25)
€33 Oy
Z; + z
hs = 2 . 3

To obtain the governing equations of the operator, it can be assumed that the distribution of electrical potential
within the operator as a second-order function [4] is given in the following relation:

P =@tz +2° ¢, (26)

Given that potential difference is required in the operator, the following electrical boundary conditions are
considered:
h
p=V at Z=ZO=§+ha
N (27)

) a Z= 17 >
Using the above boundary conditions and using the Maxwell equation [14], the following equation will be
obtained for the distribution of electrical potential:

va e, 0
0% = @3 +2 ——hy =L 2O
h, €33 Oy
(28)
L2 &1 duw
2 €33 Oy
Accordingly, we will have the following relation for E, [14]:
a(.P Va 831 6¢(X)
E,=——=—— hd —z)—= 29
Based on this, the operator stress relation will be obtained as follows:
Jdu d ) a Va
0
03 = ¢y ( 7, +z gxx ) + e h_a (30)
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2
€31 Oy
hd — 7)a
To see the effect of control on the structure, the output voltage of the sensor is related to the operating voltage
with the following relation:

va = GVS — _e31hS G
€33 (31)
Mo s o
0x Moy
By placing relation (30) in relation (31) the final relation for the operator stress will be obtained:
du d ) a
03, =cq11 (a—xo+ z :I;XX )
e;12hgG (0 0
_S1 st < 20 4 s, WO) (32)
ha €33 ax ax

e 2 0
" (b~ 2 5
€33 Ox

Since there is no external electrical charge in the sensor, so the electrical displacement of this layer will be in
the direction of zero radii, so for the sensor layer:

D, = ej38x+ €389 + €33€;

(33)
+€33 EZ = 0
That:
1
E; = o (e138x + €389 + €33€;) (34)
33
By placing the relation (32) in relation (35), the stress relations for the sensor layer will be obtained:
€13
Ox = C118x + C1289 + Ci38, + oo (e13 &
33
+ey3€9 + €33€,)
(35)

€23

s _

Og = C12€x T Cp289 + Cp3€, + c (e13 &
33

+e3389 + €338,)

On this basis, by equating the intensity of the electric field in the sensor and the experimental relation E; = ¢;
[14] together and integrating into the direction z:

Z4q
Vs =J ES dz
Z

° (36)
s hg du, W(x.0)
Ve = - a (€13 a_x €23 R )

According to the shell theory, the second-order of the force and time relations of the sensor layer is defined as
follows [14]:
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Zo
NS = f o32mR, d,
Z

1

Zo
Mf;:f o032mRyzd, (37)
Z

1

Zo
Nf;:f o5 Ld,
Z

1

By placing the relation (36) in relation (37), the force and moment for the sensor layer are obtained as follows:

. e du,
Nz = 2mR; hg [(¢11 + —) 3 + (c12
€33 X
ez € W(x.0
et 23) (x.6)
€33 R
72 — 72
MS = 2R, < ° ™ )
2
2
313 auo
[(c11+ — r + (c12 (38)
€33 X
€13 €23 W(x.0)
+ ) ]
€33 R

e13 €33 0ug

N§ = Lhg [(c;p + - ) 7.
2
e53. W(x.0)

+(co2 + 633) R ]

To obtain the equations governing the operator, it can be assumed that the distribution of the electric potential
inside the operator as a function of the first order [4] is as follows:

Q=@ +z@ (39)

Given that potential difference is required in the operator, the following electrical boundary conditions are
considered:

(P:Va at z= Zngp = T—ha
5 (40)
©=0 at Z= Zny1 = >

Using the above boundary conditions and using the Maxwell equation [14], the following equation will be
obtained for the distribution of electrical potential:

. Hv@ ye a1
= T (41)
Accordingly, will have the following relation for E; [14]:
dep V2
B, =— 5, = by (42)

To observe the effect of control on the structure, the output voltage of the sensor is related to the operating
voltage with the following relation:
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Gh du, W(x.0)
Vi=GVS= — €33S (e13 6_X+e23 R )*

(43)
Based on this, the operator stress ratio will be obtained as follows:
0% = C118x + C1289 + C138;

+e13GhS . %+e W(x.0)
h,ess 13 g, 237

. (44)
Og = C12€x T Cp2€g T C238,

+e23GhS . %+e W(x.0)
—ha €as 13 73, 237 R

According to shell theory, the second-order of force and time relations of the operator layer is defined as
follows [14]:

ZN+1
Nfg:f 022w R,d,

ZN+2
ZN+1
M2 = f 032nR,zd, (45)
ZN+2
ZN+1
NG = j o3 Ld,
ZN+2

By placing the relation (44) in relation (45), the force and moment for the operator layer are obtained as
follows:

. e?; Ghg_ du,
Ng = 2mR; h, [(cqq + h ) 3 + (¢12
a €33 X

n €13 €23 G hS W(X . 9)
h, €33 R

2 2 2
Zog — 271 ers, dug
Mg = 2R, (—2 ) [(c11 + —) P)
€33 X

f (C12
€13€ W(x.06
13 23) ( )

(46)
€33 R

€13 €23Gh, . JUg
N§ = Lhy [(cz1 + ———) + (C22
h, €33 Ox

N e2; Ghy. W(x.0)
h; €33 R

And for boundary conditions:
For fixed edges:

Uy=Vo =W, =0, v, =y, =0 at x,y =const. (47-a)
For edges with simple support:
Vo =W, =0, v, =0, N, =0, M, =0at x=const.

Uy =W, =0,, =0, N =0, M, =0aty=const. (47-b)
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And finally for the free edges:
N,=N, =0, M,=M, =0, Q,=0at x=const.

(47-c)
N,=N,=0, M, =M =0,Q =0at y=const.
3 Generalized Differential Quadrature Method (GDQM)
The first derivative of the f(x) function concerning x at any point x, is as follows:
N
f9(x)=2HI T (x) , i=12,..,N (48)
j=1

That Hi?) is the weighted factor derivative of the first order and N is the total number of nodes in the domain.

The relation (48) is called the quadratic differential [2]. The Generalized Quadratic Differential Method
(GDQM) proposed to solve the differential equations in the field of fluid dynamics was a generalization to the
guadrature differential method. The standard function in this method is as follows:

9. (x)= ! ,k=12,..,N (49)

By placing the relation (49) in relation (48), the weight coefficients will be obtained by solving the equation

device as follows:
N

IT (x-x%)

HO kL L i=120 N % (50)

] N

(x=x) TT (% -%)

k=1,k#j

As can be seen from Equation (50), there is no limit to the selection of nodes in this method [2]. Using the
Taylor series:

N
DHY=0,i,j=12.,N;i#] Y

=1

With the help of relation (51):
N
HY = > HY 0, j=12,.,N;i# ] (52)

j=1
The same can be done to find the weight coefficients for the second and higher-order derivatives. Here is a
summary of the final results using the Shu return relation; So:

r r— Ii(’ril) i, j —_1,2,..., N X i# J
Hig)—r Hl(ll)H( 1) )
r= 2,3,...,N—1

ox-x |
o o (53)
N ,]=42,.,N; i#]

" _ ("
Hy =2 Hy r=23..,N-1

e

That Hi(jr) is the weight factor of the r derivative [2]. In the following, we will investigate the quadratic
generalized multidimensional differential method.

3.1 Multi-dimensional generalized quadratic differential

The GDQ method can be generalized to multidimensional problems. Here we will deal with the 2D GDQ
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method. Relations for higher dimensions can simply be extracted, such as two-dimensional GDQ relations. In
GDQ we have two dimensions:

£ (%0y,) = L (%,9,)

i=12,.. N (54)
. ,n=23.,N-1
j=12,...M
M
(Xﬂy) ZHJ XHyk
k=1
i=12,...,.N (55)
,m=23,...,M-1

j=12,...M

That " (x,y, ) is the derivative of the order n of the function f relative to x at the point (x,y;) ™ (x.y;)+
is also the derivative of the order m of the function f relative to y at the mentioned point and N and M are also
the number of amplitude points in the direction of x and y, respectively. Hiﬁ(”) and ijk('“) will be the weight

coefficients for derivatives of order n and m, respectively, in the direction of x and y. These coefficients can
be achieved with the help of the following relations; So:

O =12, M ; i#]
Hijy(m)=m|:Hi]¥(1)Hin(m1)_ i J J

y-y, | m=23.,M-1
o (56)
! =0 m=23.,M-1
x(n-1) . L
H;" =n Hﬁ”Hﬂ"f”——Hij (AN
! o %=X | n=23.,N-1
o o (57)
Heo =y, PA=RE N TR
! =0 n=23.,N-1
That:
N
H_(xi—xk)
H = e C o j=L20 N i
(xi—xj)kgj(xj—xk) (58)
N
H,f“):—Z;H;(”, i j=12. N i#]
=
M
[T (vi-v)
Hijy(l)_ k=1 k=i . |]—1,2 ..... M : |¢j
() T1 (i -9) (59)

ZH” C L j=L2M ]

The GDQ method can be used to solve ordinary and partial differential equations. The use of this method in
static problems of the algebraic equivalent device will result in the unknowns being the same as the dependent
values at the node points. In dynamic matters, the unknowns will be time-dependent values at the nodes.The

desired accuracy and stability of the results are obtained by distributing the Chebyshev-Gauss-Lobatto node
points [15]; so:
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X, _L 1—cos(i-7rj , 1=1,2,..,N
2 N -1
W j—1 .
. =—|1-cos ||, J=12,..M
i 2{ [M 1 ”H J

(60)

1)
4 Results and discussion

In this section, for example, the problem solved using the analytical method in the reference [1] is used and
for a two-layer composite [0/90] [1]:
a=b=25cm, h=1cm
p=8x10"° Ns?/cm*, E, =2.1x10° N/cm? (61)
E, =25E, G, =G,=05E, G,=0.2E,,v,=025

The boundary conditions used in this problem are simple for the four sides of the support. Figure 3 shows
the dimensionless displacement for a wide sinusoidal load that is suddenly inserted into the plate.

25

— [0/90] GDQ
A [0/90] Reddy [1]

2t

151

-0.5
0

0:2 IJ..ai IJ..S IJ..B 1
Time (ms)
Immediate deformation in the center of the plate

over time for the extensive sinusoidal load.
35} i A

—— [0/90] GDQ

3l A [0/90] Reddy [1]

25}

0 0.2 04 06 0.8 1
Time (ms)

Immediate deformation in the center of the plate
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In which the latent sinusoidal force is defined as follows [1]:

_ inl 2% \sin| ZY
q(x,y,t) —qo(t)sm( - jsm( 5 j (62)
Thatq, () =1800 is considered. Deformation can be achieved without the following relation [1]:
7100 E,h’
W= w qoa_4 (63)

Figure 4 shows the dimensionless displacement for a uniform pressure that suddenly enters the plate. As shown
in Figures 3 and 4, the results obtained by the GDQ method are in good agreement with the results of the
analytical solution presented in the reference [1]. These figures show the free vibration of the plate for the
extensive load that enters the plate as a step (sudden) function. For both figures, the maximum values of
displacement occurred at 0.4 and 0.8 seconds. The effect of increasing the number of composite layers on the
first natural frequency is indistinguishable for the same total thickness and for and in the lay-up mode. Due to
the same thickness of the layers, as the number of composite layers increases and the total thickness is constant,
Frequency changes were very small compared to other piezoelectric coefficients, and their diagrams were
neglected. Figure 3 shows that as the value of the positive electric potential increases, the natural frequency of
the sheet decreases. Table 1 shows is the effect of the plate thickness on the dimensionless natural frequency

of the studied smart plate (V .;=0.17, AT =0).

7
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Table 1. Effect of the plate thickness on the dimensionless natural frequency of the studied smart plate (

V ;=0.17, AT =0) [14].

Thickness, h Electric
0.0001 0.1 potential, v
0.108602 0.105776 -100
0.105773 0.105773 0
0.102866 0.105770 +100

5 Conclusion

This paper investigated the free vibration analysis of an electromechanical system consisting of a three-layer
sheet. The three-layer sandwich sheet consists of a calibrated core and is equipped with two piezoelectric
calibrated layers. The equations of motion are based on first-order shear theory. Considering the above results,
to increase the safety of the sheet against the phenomenon of resonance and to raise the natural frequency, the
following suggestions are presented for the design of composite nanofibers. As much as possible, the sheet to
be designed should have a lower side-to-thickness ratio. Negative electric potential and positive magnetic
potential increase natural frequency.
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