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1. Introduction

Abstract

In this research, we investigate the nonlinear vibration of functionally
graded carbon nanotubes (FG-CNTs) for simply supported sandwich
cylindrical panels. The sandwich consisting of three layers formed of (FG-
CNTs) and isotropic material as (CNT, ALMINUME, CNT). Mechanical
properties of the sandwich media are acquired according to a refined rule of
blend approach. The governing equations were derived using a first-order
deformation theory (FOSDT). Four kinds of carbon nanotubes of sandwich
cylindrical panels were analyzed. The volume fraction of CNTs is varied.
The properties of nonlinear responses and free vibration are studied. The
numerical approach employs the fourth-order Runge-Kutta and Galerkine
procedure. Which conducted for the dynamic analysis of the panels to
present the natural frequencies and non-linear dynamic response expression.
The results show that; the natural frequencies and the nonlinear vibration
amplitude decrease with the volume fraction and thickness ratio increase.
The nonlinear vibration amplitude response increases when increasing the
excitation force. The initial imperfection and the elastic foundation have a
minor impact on the nonlinear vibration response of the panel. The
Pasternak Foundation has a larger impact than the Winkler foundation. The
structure formed of FG-CNT present an excellent choice for high-
performance of engineering applications.

Keywords: Sandwich Cylindrical Panels, Nonlinear Vibration, Functionally Graded
Carbon Nanotube (FG-CNT), Imperfection Panel, First-Order Shear Deformation
Theory.
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isotropic  material is  studied under various

The sandwich constructions are widely used in
lots of areas of technology, for example, vehicles,
marine, aerospace and so on. A sandwich cylindrical
panel of functionally graded carbon nanotube and

parameters. The improvement of nonlinear vibration
behavior on the fundamental natural frequency of
cylindrical panels in the form of sandwich is
discussed in this study. The top and bottom sandwich
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layers are made from a carbon nanotube. The carbon
nanotubes have remarkable mechanical properties
high modulus of elasticity, high mechanical strength,
and high heat conductivity. It gives durability to the
structure. While the core layer made from aluminum.
Several methods have acquired to study the nonlinear
vibration trouble by using functionally graded carbon
nanotubes reinforced sandwich cylindrical panels.
Sandwich structures have the following many
advantages that; high durability, high modulus, low
density, excellent resistance to wear and impact loads
or vibration. To overcome problems such as
delamination problems, so new types of sandwich
structures: containing CNTs, core (aluminum) and
CNTs introduced. CNT is a tubular form of carbon
with a diameter as small as Inm Length: few nm to
the Allotropes  of (graphite, diamond,
amorphous carbon and Fullerene). In general, there

micron.

are two kinds of carbon nanotubes a single-walled
carbon mnanotube (SWCNT) and a multi-walled
carbon nanotube (MWCNT). The first type may be
thought of as a single atomic layer thick sheet of
graphene rolled into a seamless cylinder. While the
second type may be consisting of multiple rolled
layers (concentric tubes) of graphite Ping Zhu et al.
[1] have a numerically studied with bending and free
vibration analysis of thick composite plates built by
single-walled carbon mnanotubes using the finite
element method founded on the first-order shear
deformation plate theory. M.H. Yas et al. [2] studied
the vibrational properties of functionally graded
nanocomposite cylindrical panels reinforced by
single-walled carbon nanotubes (SWCNTS), using the
generalized differential quadrature (GDQ) method.
Founded on the three-dimensional theory of
elasticity. J. E. Jam et al. [3] inquired about the free
vibration = characteristics ~ from  nanocomposite
cylindrical panels reinforced by single-walled carbon
nanotubes applying the three-dimensional theory. A.
Alibeigloo [4] investigated the behavior of free
vibration behavior of functionally graded carbon
nanotube-reinforced composite cylindrical panel
embedded in piezoelectric layers by applying the
three-dimensional theory of elasticity. Sofiyev [5].
Discussed the vibration and buckling of sandwich
cylindrical shells covered by different kinds of
coatings, for example functionally graded (FG) and
metal and ceramic coatings applying first-order shear
deformation theory. Z.X. Lei et al. [6] studied the
nonlinear dynamic stability analysis of carbon
nanotube-reinforced functionally graded cylindrical
panels under static by applying the mesh-free KP-
Ritz method. A.H. Sofiyev [7] investigated the
dynamic instability of exponentially graded sandwich
cylindrical shells under time-dependent occasional
axial loadings applying the shear deformation theory.
Sofiyev et al. [8] demonstrated the governing
equations of dynamic stability for a sandwich
cylindrical shell containing an FG core subjected to
axial compressive load founded on Donnell’s shell
theory applying the shear deformation theory. Hui-
Shen Shen [9] adopted cylindrical panels resting on
elastic foundations submitted to lateral pressure in
thermal environments applying higher-order shear
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deformation theory of carbon nanotube-reinforced
composite. Y. Kiani [10] deals with the dynamic
response of a functionally graded carbon nanotube-
reinforced composite cylindrical panel formulated
within the framework applying first-order shear
deformation shell theory. Wang et al. [11] conducted
shells of revolution with arbitrary boundary
conditions and applying the Ritz variation energy
method with the semi-analytical method and its
associated applications for linear vibration analysis of
functionally graded carbon nanotube-reinforced
composite (FG-CNTRC) doubly curved panels.
Jianyu Fan et al. [12] investigate the free vibration of
piezoelectric functionally graded carbon nanotube-
reinforced composite and elastically boundary
conditions with applied the first-order shear
deformation theory (FSDT) to conical panels. Gao et
al. [13] studied the dynamic stability of (FGM)
orthotropic cylindrical shell envelope founded on
Hamilton's principle approach and von Karman-
Donnell means by the elastic foundation under a
linearly rising load with damping effect consideration.
Ali Kemal Baltacioglu et al. [14] gave a numerical
solution for the free vibration problem of
functionally graded and carbon nanotube reinforced
(CNTR) circular cylindrical panel. founded on the
Love’s shell theory and first-order shear deformation
theory. Qingya Li et al. [15] conducted an analytical
method to study the dynamic buckling and nonlinear
vibration of the graphene reinforced sandwich
functionally graded porous plate. The investigated a
functionally graded porous core and the GPL-SFGP
plate consists of two metal face layers. Pham Toan
Thang [16], investigated the nonlinear buckling
behavior of the functionally graded carbon nanotube
cylindrical shells applied on Donnell shell theory
proposed a closed-form solution to submit to the
compressive load.

2. Expression of The Problem

The sandwich consisting of three layers formed of
functionally graded carbon nanotubes and isotropic
material like aluminum (CNT, ALMINUME, CNT).
The geometrical parameters of the cylindrical panels
are thickness h, the radius of curvature R, elastic
foundations (Kland K2) and length of edges a, b. A
coordinate arrangement (x, y, z) is selected, (x and y)
is in the mid- surface of the panel while z is in the
thickness orientation of the panel, straight edge,
curved edge, and thickness of the FG-CNTRC
cylindrical panel. Reinforced composite cylindrical

panel single-walled carbon nanotubes is shown in Fig.
1[17).

Figure (1): Geometrical parameters of cylindrical
panel.
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2.1 Material properties of CNTR

The distribution of CNTs in a matrix may be
functionally graded. In this study, four kinds of
functionally graded along with the uniformly
distributed case are considered. FGX-CNT, UD-
CNT, FGV-CNT, and FGO-CNT. The volume
fraction of CNTs varies linearly with respect to the
thickness and the accepted functionally graded
distribution of CNTs in the polymeric matrix, [18] as:

E11(2)=771VCNT (Z)Efl'1t +V,, (Z)E"‘

77> :VCNT(Z)+Vm(Z)
E,, (2) ES" E™

773 =VCNT (Z)+Vm(z)
G, (2) G G"

(D)

In Eq. (1), These parameters are introduced to
capture the size-dependent material properties of the
FG-CNTRC cylindrical panel. The (1y,7,,713) ate
the efficiency parameters in which be chosen to
match the data obtained from
dynamics’ simulation. Besides, in Eq. (1).EflY ESY
and G{Yare the Young modulus and shear modulus,

the molecular

respectively. E™And G™indicate the corresponding
properties of the isotropic matrix. The volume
fraction of CNT's and matrix are denoted by Veyrand
Vnas:

Vi, (2)=1—Vr (2) o
In this research, four kinds of CNT distributions
around the panel thickness are listed in Tablel.

Table 1: Volume fraction of carbon nanotubes of
thickness coordinate for different cases of CNTSs
distribution [18].

CNTs FGX- UD- FGV- FGO-
Distribution CNT CNT CNT CNT
z 2 z
Vient 4 Lh‘vtcnt Vtcnt Vtcn( (l+ H) Yy (1-2 %)

Type FGX-CNT has a maximum near the top
and bottom surfaces whereas the mid-plane is free of
CNT. In FGV, the top surface is enriched with CN'T
and the bottom one is free of CNT. For FGO,
however, top and bottom surfaces are free of CNTs
and the mid-surface of the panel is enriched with
CNTs. However, in UD-CNT type, each surface of
the panel through the thickness has the same volume
fraction of CNTs.

Poisson ratio depends weakly on position [18] as:

U=V, 0N +V 0" o
The mass density of the composite cylindrical panel
media is a conventional rule of mixtures approach as

[18]:

_ CN m
p _VCNp +Vmp (4)
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pNandp™ are the mass density of the carbon
nanotube with the matrix.

Where:

The wvariation of young’s modulus, poison’s
proportion and density of FG-CNT sandwich panel
are applied [7]:

1 1 1
R

2) (2 -2
E;(AI) , V(Al) ' p,(AI)

3) 0B 3
EQ V&N AR

[E(2)(2).p(2)]=

®)
2.2 Fundamental relations and basic equations

The displacement area of the panel problem is
established agreeing to the first-order shear theory as
[18]:

U(X,y,Z)=u(Xy,t)+26,(XY,t)
V(XY,2)=v(XV,t)+24,(X Y1)
W (X, y,z)=w(X,Yy,t)

..(6)

Where ¢, and ¢ are the rotations of the normal to
the middle surface about the y and x directions,
u,vand Wwdenote the displacements of the
corresponding point on the middle surface in the x, y
and z directions, and t is the time.

The strain-displacement relationships with the Von
Karman [18]:

£ = & + ZXy
&y = & +2),
Yey = V;y + ZXxy

yxz = .V)%Z
Yyz = Vyz ()
ou 1(6w)2
o —+ ==
Ex ax 2 \dx ) Xx
g |=| 22 i@y |x |=
o ay R 2 \ox
V) \ow  ov  owaw | \Hw
dy = Ox dx dy
0dx
ox
dgy
oy , -(®
a a
99x | 9%y
ay dx

U,v, and ware displacement elements respect to
the coordinates (x,y,z),€x andey as the normal strains,
and Vxy, Yxz Vyz described the shear strain of the
panel in the center surface. The compatibility
equation of an imperfect FG-CNTRC cylindrical
panels can be founded by employing eq. (7) and eq.
(8) for follow:
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628; il 62 az}/xy aZWZ aZW 62 62W 62W* ) 02W a W*
oy’ ax Xy oxpy o’ ay Oxay oxdy x> oy’
Fndw 1

y ' R oo
.9

Hooke’s law for a panel is defined as

i L) Q. (7)) 0 0 0 ]|s

9, (1) Q,(2) 0 0 0 & | ...(10)

Oy (= 0 0 Q. (2) 0 0 Vi

o 0 0 0 Q. (2) 0 7.

o o 0o 0o 0 Q0|

Where Q;; (i,j = 1,2,4,5,6) are the abbreviated
material tightened up coefficients compatible with
conditions and are found as follow:

E11 Ez2 v12E11
Q11 =—1—v2'QZZ - uZ'le =12 ,Qaa =

Gy3,Q55 = G13,Q66 = G132 €3))

Force and moment resultants of sandwich panels:

N . i A A 0 B, B, 0 0 0] gi
N y Au Azz 0 BlZ Bzz 0 0 0 & (1 2)
N, 0 0 A, 0 0 B, 0 07|~
M, B, B, 0 D, D, 0 0 0|7
M y B, B, 0 D, D, O 0 0 ||z,
M w 0 0 0 0 0 Dy, O 0 )(;y
o | [0 0 0 0 0 0 K 0|,
Q, 10 0 0 0 0 0 0 KA, | v
v

WhereA;;, B;jand D;jare constants. The relationships
of the strain-force resultant reversely are accepted eq.

(12)

o ¢ 09
& = ANy — A12N — By —— ox * 22 _ayy
o APy ¢
&y = AuNy — ANy — By — % - 22 _ayy

_ 0y | 0y
y A66ny B66 ( ayx + dx )
..(13)

The constants were extracted in a numerical way
(Simpson method), using the FORTRAN program
because it is not integrated in analytical method as

[19]:

h/2
(A, Bij, Dyj) = f,f/zQi,-(l.z,zz)dz (14

The stress function f(x,y,t) is presented as:

2 2 2
Ny =32 N,=%LandN,, = -—L

=57 oxdy ..(15)

Replacement of eq. (13) into eq. (9) the compatibility
provides of imperfect FG-CNTRC cylindrical panels
equation and eq. (12) and eq. (8) and Airy function
yields:
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A11 Py L+ A22 2y Ly (Age — 21‘112) zay
a3
Bj1 Ba:;x — B2 ¢y + (Bes — 311) axay =+ (Bes —
93 by 62w2 92w 92w 22w 92w*
B22) 5220y ™ Gaay “ oz 07 oxay ox0y
ot Pwgte 1o
dx2 dy? dy2 9x2 Ry 0x2
(10

Eq. (16) represents the equations of nonlinear
through the variable(fandw) which are utilized to
study the nonlinear vibration doings of sandwich FG-
CNTs cylindrical panels built on elastic foundations
by applying first-order shear deformation theory
(FSDT).

3. Boundary condition and result

In this part, the boundary conditions of FG-CNTRC
cylindrical panels are simply supported, under the
unvarying diffused pressure of strength (q). The
boundary conditions are employed to explain the
(FG-CNT) thick cylindrical panels which may be
obtained as given below [20]:

w =M, =N,
w=M, =

=0,N,=0,atx =0,q,

Ny, =0,N, =0,aty =0,b, ..(17)

To satisfy the conditions given in eq. (17), the mode
shape is expressed as follows:

w(x,y,t) = W(t)sin Ay, xsind, y,

d(x,y,t) = ¢, (t)cos Ay, xsiné, y,
¢(x,y,t) = ¢y, (t) sin Ay, x cos 5, y, ...(18)
Where lm 8, ==mmn=1 The natural

counts of half -waves in the agreeing direction x, y, W
(t) the time-dependent and ¢y, ¢ the amplitudes are
functions of the time.

The initial impetfection w*geomettic of a cylindrical
panel is accepted as:

w(x,y) = W,(t) sind,, xsin8,y, ...(19)

Where the coefficient W, magnitude of initial
imperfection at a center of the panels.

Aside from standing in eq. (18) and eq. (19) into eq.
(17), Airy stress functionfcan be defined as follows:

feo,y,t) =

As(t) sindy, xsiné, y

Ai(t)cos2A,x + A, cos 26,y +
..(20)

Where

2

A -
! 32A11/12

WW +2W,), A,
2

—32A 62W(W +2W,),
22

A = ! X

3 T [A%411 465422 +(Ass—2412)1%,83] Ry
B21A3:0x+B1263¢y+(B11—Bee)PxAmS3+(Baz—Bee) PyAaSn
[A%,A11+63A22+(A66—2A412)A 5,65

)’

..21)
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last, the nonlinear equations can be found and the values of the natural frequencies of FG-CNTRC
load—deflection curve could be sought by substituting panels (m,n)=(1,1), a/R=1, a/b=1, and a/h=20) with
eq. (18) and eq. (20) from eq. (16) and then using the several graded profiles of CNTs, the various volume
Galerkin method. fraction of CNTs were compared with results of Y.

2w Kiani et al. [21] for cylindrical panels with simply
I, T LaW = L@y — L3P, — L, (W + supported edges plate. Figs. (2, 3, 4.and 5) show the
W) by — Ls(W + W) P, —ny (W + W,) — effects of different volume fractions on natural

frequency around the panel thickness founded on the
FOSDT. The results show that with the volume
fraction increase the amplitude of the dynamic
response of cylindrical panel decrease. The FGX-
CNT presents higher frequencies amplitude rather
than the other panels, while FGO-CNT panels have

the minimum one.
O = /—@ ..(23)

Table 2: Fundamental natural frequency by Ref. [21]

n,WW + W,) + nsWW + 2W,) + n,WW,(W +
2W,) =ngQsinflt ...(22)

For an ideal shell, the fundamental frequencies can be
obtained as:

Consider the nonlinear vibration of a complete panel, . Types of
eq. (22) has of the form Venr CNT Ref.[21] | Present(FST)
2w FGX 23.2763 22.1009
L—5— (a1 +a)W = (as + a, + ag) W? — UD 21.4707 18.2024
wW? = 10 sin O t. ey FGV 21.2857 17.9555
° 5 @9 0.12 FGO 19.1857 10.7592
Where: FGX 29.5672 26.4959
b lan — a1 oo lon —lar 1 UD 27.0582 21.1351
R T e L S 0.17 Fev 26.9125 21.1357
N— lz3n9—l33M7 ! I32n7—lz2M0g ) FGO 241626 12.1269
L2 il —loslzs | 13 laalya—lazlsy FGX 33.8769 32.3070
e S UD 301508 | 267468
az =Ny + 1y, A28 4 (322 22 g, = 0.28 FGV 30.2290 26.7427
l33l22—123132 133122123132
e . lsmao-lssme lsaMg—Lasmeo FGO 26.3956 17.0318
8 12 1galpn—la3ls; 3 Ug3lay—laslsy’

Figs. (2,13,4,5) lre}yalresented the influence of volume
nol

as =ny + 1, ?3710_1[33;18 + s i3278_11227;10, ag = liy %Mfg}l—%ﬁwonse of sandwich cylindrical
sstezzsiae ssiezasaz sseztel at Q B 5}26676}\772/m2,.(2 = 400rad/sec, W0=0
...(25) and (a=b=R=1m), (h=0.05m).

Eq. (24) can be rewritten as In the Figs. (2,3,4,5) noted that the value of
volume fraction decrease, it is offset by an increase in
ci;v;/ + Wk, (W +MW? + NW3) — Fsinf0t = 0, the amplitude of dynamif: response. of cylindri.cal
t panel due to the material mechanical properties
. --(20) increased. The high amplitude is introduced with
4. Numerical Results using FGX-CNT while the lowest amplitude value is
These properties are taken from the previous with using FGO-CNT as shown in Fig. (6) that
research [17, 18], as the properties are accepted to be represents the dynamic response of sandwich

as: Em =25 GPA, Uy, = 0.34andp,,, = cylindrical panels at Viyr = 0.28.

1150Kg/m?® . In this analysis, the properties of l(l_‘

SWCNTSs are chosen as follows: EFNT = 2.546TPA, 2
ESNT = 7.08TPA,  GENT = 1.944TPA, ooV =

0.175andpNT = 1400Kg/m?3. The detailed -~ /

material attributes of CNT efficiency parameters, for E

three dissimilar CNT's volume fraction values of these = v'z\t \"\

CNT efficiency patrameters are: 1y = 0.137, 1, = 0.5 I 22

1.022 and 73 = 0.715 for  Viene =012 N : , i PeVimrad

n,=0.142,n, = 1.626 and 73 = 1.138 for 0 0.01 0.02 0.03 0.04
- = - _ i(s)

Viene = 017 577, =0.141, 7, = 1.585and 775 = Figutre (2): Dynamic response of FGX-CNT

11095f0r Vtcnt = 028, and properties Of unjty Cylindrical panels_

isotropic material (Al): E,, = 7 X e10Pa, v,, = 0.3

and p,, = 2702Kg/m3 .

4.1 Validation of The Present Formulation
Consider a functionally graded carbon nanotube

sandwich cylindrical panels submitted to a uniformly

cross distributed load where (Q) represented the

amplitude of excited load. Table 2 compares the
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Figure (3): Dynamic response of UD-CNT
cylindrical panels.
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Figure (4): Dynamic response of FGV-CNT

cylindrical panels.
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Figure (5): Dynamic response of FGO-CNT
cylindrical panels.
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Figure (6): Dynamic response of FG-CNT

cylindrical panels at Viyr = 0.28.
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Table 3: natural frequency patameter @ =

wR,/p/E for cylindrical panels for middle layer
isotropic material.

m=1 | m=2 | m=3 | m=4
B.Cs.| Geometry |Source =1 0=2 | n=3 | n=4
present| 0.4286 | 0.4599 | 0.5762 | 0.8094
a=3m,
b=3.1415m,
R=2m,
h=0.02m
p=7800kg/m?3|Ref.[21]|0.24474|0.25796|0.34446|0.38700
SSSS| E=210 GPa

4.2 Influence of Thickness of FG-CNT

The influence of the core-to-CNT thickness ratio
[71 heore/hent = (2,4,6) on the natural frequency
of cylindrical panels reinforced composite with FG-
CNT layers and isotropic material layer is shown in
Fig. (7, 8, 9 and 10), basis of first-order shear
deformation theory with (m,n)=(1,1) is presented in
Table 3. Ashcore/henyr =2, in this case, the
thickness of the layers isheyr = /4, heore = h/2
[7] and cylindrical panel characteristics are taken to
beR/h = 25.  Ash.pre/hent =4, the  carbon
nanotube layers ate the sandwich panel, i.e. heyy =
h/6,hcore = 2h/3 [7] and cylindrical panel
characteristics are taken to beR/h = 50. Ash.ype/
heyr = 6, in this case, the catbon nanotube layers
are the sandwich panel. So, henyy = h/8, hegre =
3h/4 [7] and cylindrical panel charactetistics are
taken to beR/h = 75, for all cases assumeR = 1, as
the core to CNT thickness ratio increases from 2 to
6. Sandwich cylindrical panels are designed
CNT/Al/CNT.

Table 4: Results of a thickness of three layers (CNT,
Al, CNT) on the nonlinear vibration reaction of
sandwich cylindrical panels a=b=R=1m, K1=K2=0,
q0=4000sin400t.

V¢y | Thickness | Type Natural
(h) of frequency(rad/sec)
CNT
FGX 49.0362
0.04 UD 44,7193
FGV 43.6867
FGO 62.7467
FGX 90.8730
0.02 UD 91.0019
0.12 FGV 91.0019
FGO 115.7371
FGX 137.0796
0.0133 UuD 140.0934
FGV 137.5181
FGO 180.5375

Fig. (7) represented the influence of thickness of
FG-CNT and isotropic material cylindrical panels on
dynamic response of sandwich cylindrical panel at
Q = 4000N /m?,0 = 400rad/secand W0=0. In
the figs. of (a,b,c,d) noted that the value of thickness
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decrease, it is offset by an increase in the amplitude
of dynamic response of cylindrical panel due to the 2

structure that is more stiff. The structure is more
stable in distributed FGO-CNT due to the increase in -
the thickness of the inner layer with the stability of g
thickness upper and lower layers from CNTSs as ; 0 : \
shown in Fig. (8) that represent the nonlinear / —UREAY
vibration response of sandwich panel at h=0.04m and —RFGNCNT)
Viyr = 0.12. 2 ' ¢ HOCN
10° 0 0.01 0.02 0.03 0.04
4 ~ ~ ; t(s)
. Figure (8): Nonlinear vibration response of
-~ sandwich cylindrical panels at h=0.04m and Viyr =
=0 0.12.
=
-2 s 4.3 Effect of Elastic Foundations
4 ‘ ‘ :;::::u One of the main objectives of the current
0 00 0.02 0.03 0.04 research is to obtain high natural frequency and

reduce the vibration amplitude for the nonlinear
dynamic reaction of the functionally graded carbon
nanotube cylindrical panel. But not all high vibration
is undesirable. Some applications require high
vibrations. In the field of this research, the structure
used in engineering applications requires a small
vibration amplitude to avoid failure. It is noted that
(UD, FG-V) panels have the lowest frequency
parameters and (FG-O, FG-X) panels have the
highest frequency parameters. The Impact of the
linear Winkler and Pasternak foundations on the
natural frequency for the functionally graded
cylindrical panel built by different types of CNT are
described in Table 4. It is complete that the elastic
foundation has a major influence on the natural
frequency. Increasing the wvalue of the elastic
foundation leads to constant the natural frequency
for all cases and this will be seen when the effect of
the elastic foundation is found on the time-deflection
curve.
Table 4: Influence of the Winkler and Pasternak
foundations on the natural frequency for the CNT
and isotropic material for geometry. a=b=1m, R=1m,
h=0.04m.
(X1, K2) Type of | Natural frequency
Gap/m CNT (rad/sec)
49.0362
FGX 23.2108
© 731525

%10 44.7193
: ‘ | ' ©.0) UD 12.1775
70.1683
43.6867
FGV 7.5499
0,004 69.5138
- 62.7467
e FGO 45.8248

—Hr-4m))|

0 0 0 0 oM 820953
(s)
d
Figure (7): Influence of thickness of FG-CNT and
isotropic material on dynamic response of sandwich
cylindrical panels atViyr = 0.12  (a- FGX-CNT, b-
UD-CNT, c- FGV-CNT, d- FGO-CNT).
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Figure (9): Influence of the Pasternak and Winkler
foundations parameter on the amplitude of dynamic
response of sandwich cylindrical panel at h=0.04m
and Veyr = 0.12 (a- FGX-CNT, b- UD-CNT, c-
FGV-CNT, d- FGO-CNT).

0.03 0.04

Fig. (9) represented the influence of the Pasternak
and Winkler foundations parameter on the amplitude
of dynamic response of sandwich cylindrical panel at
Q = 4000N/m?,02 = 400rad/sec and W0=0. In
Figs. of (ab,c,d) noted that the value of elastic
foundation at (K1=0, K2=0.04 Gpa/m) it gives the
best behavior to the material and it is offset small
increases in the amplitude of natural frequency due to
the shear component increases (K2), the amplitude of
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the vibration increases because the theory (FSDT)
takes the effect of shear. As the bending (K1)
increases, it will reduce the vibration amplitude. The
structure is more stable in FGO-CNT as shown in
Fig. (10) represented nonlinear vibration response of
sandwich cylindrical panels at h=0.04m andVgyr =
0.12.
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Figure (10): Nonlinear vibration
sandwich cylindrical panels at h=0.04m and Vyp =

0.12.

0 0.01

response  of

4.4 Effect of Excitation Force

The influence of harmonic uniform load (Q) on
the non-linear dynamic reaction for the FGCNTRC
cylindrical panels using four types of CNTs with
three different volume fraction are accounted in the
Fig.11 It is observed that the three states of the
reinforcement have the same behavior under the
influence of increased excitation force. Three values
are analyzed which are examined in the first-order
shear deformation theory (Q = 5000N/m?,Q =
4000N /m?,Q = 3000N /m? ). It can be seen that
the excitation force has a hard effect on the
amplitude of vibration when increasing the excitation
force the vibration amplitude will increase
significantly. In another meaning, the cylindrical
panel fluctuates stiff at the high value of the
excitation force. As shown from the Fig. 11,
whenever the value of excitation force decrease, it is
offset by an increase in the amplitude on the natural
frequency, it is more stable at volume fractionVeyr =

0.12at Q = 5000N /m? as:
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Figure (11): Influence of excitation force (QQ) on the
amplitude of vibration for FG-CNTRC cylindrical
panel at a=b=1m, K1=K2=0, R=1m, W0=0 and
Vénr = 0.12 (a- FGX-CNT, b- UD-CNT, c- FGV-
CNT, d- FGO-CNT).

4.5 Effect of Imperfection

The cylindrical panel contains a certain defect,
due to the manufacturing, so it must be taken into
consideration through this parameter (WO0). Fig.12
represents the effect of initial imperfection on the
amplitude of nonlinear dynamic response for
functionally graded carbon nanotube sandwich
cylindrical panel (CNT, Al, and CNT). The initial
imperfection (WO0) has a strong effect on the
nonlinear response of the panel. It can see that with
the value of the initial imperfection (0, 1e-05 and 3e-
05), the amplitude in the curve of time-deflection
increases significantly. As shown from the fig.12,
whenever the value of initial imperfection decrease, it
is offset by an increase in the amplitude on the
natural frequency, it is more stable at volume

fractionViyr = 0.12at (W0 =0) as:

135

s
4 ; B L
0 001 002 003 004
t(s)
©
L x10°

Q:;‘---\' "’,'/’; '(7;\,\,~.-":| b |
K% W Ee
A ‘ =3 Wdeds]
0 0.01 0.02 0.03 0.04
s)
(d)

Figure (12): Influence of imperfection on the
amplitude of vibration for FG-CNTRC cylindrical
panel at Viyp = 0.12 , a=b=1m, R=1m,
K1=K2=0, q0=4000sin400t (a- FGX-CNT, b- UD-
CNT, c- FGV-CNT, d- FGO-CNT).

5. Conclusions

Through the analysis of FG-CNT sandwich
cylindrical panels nonlinear vibration under various
parameters the following conclusions are drawn:
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1. The natural frequencies and the nonlinear
vibration amplitude decrease with the volume
fraction increase.

2. The natural frequencies and the nonlinear
vibration amplitude decrease with the thickness ratio
increase.

3. The nonlinear vibration amplitude response
increases when increasing the excitation force.

4. The initial imperfection has a minor impact on
the nonlinear vibration response of the panel.

5. 'The elastic foundation has a useful impact on
the natural frequency and vibration amplitude.

6. The Pasternak Foundation has a larger impact
than the Winkler foundation.

7. The structure formed of FG-CNT present an
excellent choice for high-performance of engineering
applications.
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