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ABSTRACT

A continuous element (CE) formulation has beenegmtel in this paper for the vibration
analysis of three joined cross-ply composite cdnéteells containing fluid. The three joined
cross-ply composite conical shells containing floeh be considered as the general case for
joined conical-cylindrical-conical, joined cylindal-conical-cylindrical, joined cylindrical-
conical-conical and joined conical-conical-cyliradi shells containing fluid. Governing
equations are obtained using Midlin thick shellotlye taking into account the shear deformation
effects. The velocity potential, Bernoulli's equatiand impermeability condition have been
applied to the shell-fluid interface to obtain amlécit expression for fluid pressure, the dynamic
stiffness matrix has been built from which natufi@quencies have been calculated. The
appropriate expressions among stress resultantslefodmations are extracted as continuity
conditions at the joining section. A matlab prograsncoded using the CE formulation.
Numerical results on natural frequencies are vadilawith the available results in other
investigations. The effects of the fluid level, ser@rtex angles and lamination sequences on the
natural frequencies and circumferential wave numtiejoined composite conical-conical-
conical shells are investigated.

Keywords: free vibration, cross-ply composite joined conicahical-conical shells, dynamics
stiffness matrix, continuous element method.

1. INTRODUCTION

The joined shell$illed with fluid of revolution have many applicatis in various branches
of engineering such as mechanical, aeronauticatinmacivil and power engineering. The
research on their mechanical behavior such astiwbraharacteristics under various external
excitations and boundary restrictions has impogan@ngineering practice.
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The results of investigations on the vibration gsial of cylindrical or conical shells containing
fluid and a few publications exist on the vibratianalysis of joined cylindrical-conical shells.
Different methods for analyzing free vibration betcylindrical and conical and joined conical-
cylindrical shells have been applied. Sivadas amsheSan [1] investigated the effects of
thickness variation on natural frequencies of lated conical shells by a semi-analytical finite
element method. Tong [2, 3] proposed the powekeseazkpansion approach to study the free
vibration of orthotropic and composite laminatechical shells. Shu [4] has employed the
differential quadrature method to study the vilmatiof conical shells. The vibration
characteristic for composite cylindrical shells aagried out by using different approaches such
as 2D finite element model based on classical ghill theory [5], 2D analytical method using
the cubic spline functions [6], analytical methodséd on the first-order shear deformation
theory (FSDT) [7]. Senthil and Ganesan [8] perfairaedynamic analysis on composite conical
shells filled with fluid. Kerboua, Lakis and Hmi[®] used a combination of finite element
method and classical shell theory to determinentteral frequencies of anisotropic truncated
conical shells in interaction with fluid.

Irie et al. [10] used the transfer matrix approdchsolve the free vibration of joined
isotropic conical-cylindrical shells. Patel et HI1] presented results for laminated composite
joined conical-cylindrical shell with FSDT usingniie element method (FEM). Recently,
Caresta and Kessissoglou [12] analyzed the freeatidms of joined truncated conical-
cylindrical shells, the displacements of the congections were solved using a power series
solution, while a wave solution was used to desctibe displacements of the cylindrical
sections, both Donnell-Mushtari and Flugge equataimotion were used. Kouchakazadeh and
Shakouri [13] presented study deals with vibratidrehavior of two joined cross-ply laminated
conical shells, joined cylindrical-conical shells.o¥&rning equations are obtained using thin-
walled shallow shell theory of Donnell type and Hiéon's principle, the appropriate
expressions among stress resultants and deformatierextracted as continuity condition at the
joining section of the cones.

Traditional computational methods like FEM is thecdetization operation of the domain
which causes errors in dynamic analysis, espedraiigedium and range frequencies. Numerous
Continuous Elements have been established for raathtomposite beams [14 - 15] and plates
[16]. Nguyen Manh Cuong and Casimir [17] have sedeel in building the DSM for thick
isotropic plate and shells of revolution. The coatus element models for composite
cylindrical shells and conical shells presentedvorks of Tran Ich Thinh and Nguyen Manh
Cuong [18], [19] imposes a considerable advancernérthe study on continuous element
method (CEM) for metal and composite structuresceR#ly, the new research for thick
laminated composite joined cylindrical-conical $hély Tran Ich Thinh, Nguyen Manh Cuong
and Vu Quoc Hien [20] has emphasized the CEM ierablying complex structure.

In this study, the vibrational behavior of a comiofoined conical-conical-conical shells
containing an incompressible and in viscid liquidswinvestigated. Illustrative examples are
provided to demonstrate the accuracy and efficieridghie developed numerical procedure.

2. FORMULATION OF JOINED CROSS-PLY COMPOSITE CONICAL-CONICAL-
CONICAL SHELLSCONTAINING FLUID

Let's investigate the joined conical-conical-coticshells containingfluid with (x,0,z)

coordinates, as shown in Figure 1. Where the coordinate long the cones’ generators thigh
origin placed at the middle of the generatdrss the circumferential coordinate, and z is the
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perpendicular to the cones’ surfaces. B, R; and R are the radius of the system of the cone
shells at its first, second, third and the small,eespectively. L, L, and L; are lengths of the
cone shells respectivelys, o,, az are semi-vertex angles of the cone shellsHs, H; are height

of the cone shells and H is height of fluid.

Hs

H,

H:

Figure 1.Geometry of joined composite conical- conical icahshells containing fluid.
2.1. Composite conical shell containing fluid formulation

2.1.1. Constitutive relations

Consider a laminate composite shell of total thedshh composed by N orthotropic layers.
The plane stress-reduced stiffnesses are calcldatgzB]:

Q,, = E, - U E,
. 1- UppUy T 1- UpUn ’ (1)
Qy = —, Qe =Gy Qu =Gy, Qs =Gy
1- UpUy

Ei,Gijj, v12, v21: elastic constants of thd' layer
and the laminate stiffness coefficiends, (B, Dj;, F;) are defined by:

N 18— 18— .
A :ZQijk (Zkn =2 ) B; :EZQijk (Zlf+l _ZE)* D; :ngijk(Z:ﬂ _ZS) (i,j=126)
k=1 k=1 k=1

Fy = Q- 2) (] = 49 @

wherez,; andz, are the boundaries of th& layer.
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2.1.2. Srains, stress and internal forces resultants

Following the first-order shear deformation shikdry (FSDT) of Reissner-Mindlin, the
displacement components are assumed to be:

u(x,8,z,t) = u,(x,6,t)+ z¢,(x,6,t):v(x,0,2,t) = v, (x,0,t)+ 28, (x,0,t): W(x,0,z,t) = wy (x,6,t)  (3)

The strain-displacement relations of conical sael (withR(X)=R;+x.sna):

. 0
fx:%’ k, = 6¢>§< Egzé(uosina+g\g+v%com). k, = 1(¢ sing + :;] @
0%, 10u,_sina k,= _104. 04, s, y, =20, 10 4
““ox "Ro6 R ""Ro6 x R =R %R

The force and moment resultants are expressedrinstef strains for cross-ply laminated
composite conical shell as follows:

N A B 0]e
M|=|B D 0]k (5)
Q 0 0 Flly

Substituting equations (2) and (4) in equationst{® force-displacement relation expressions
for laminated composite conical shell are writterfalows:

’\L Aldb Az[l.bslm"'ao +V\6C0gj+al ¢ 3.2[¢ S|m+a¢9j Ng AZdJO AZ[L{)S”DH' +V\Scoﬂj+aza¢x+%2[@slm+a¢J

06
o o 10Uy _ sma 104, , 04, _sina BJO B, o Vyeos og, D og,
’%G(ax RO R j B‘*(R @ ox R ¢”j M=y [L*’S'WJ'ae R J A3 R [@S'Waej
X . B, & 4. D 09, _ y o, sing 104, 3¢, sina
M9 32 [UOSII‘D"F +V\§COSj+q2 [@SII’D"" 69] M, = By (& @ ?Uo)"' D66(R 90 o ? sj’
ow, -cosz 10w
= kF 0 = 0
Qx 55[ OX + ¢xj, Qa kFM( R UO R Y] +¢6] (6)

wherek is the shear correction factde=5/6)

2.1.3. Equations of motion

The equations of motion using the FSDT #&mihated composite conical shell containing
fluid are:

oN sma 10N oN 2sin a 1 ON cos a
x N ST o g+ —x8 4 T2 TN, =+ =gV + 1,9
OX ( 0) R 66 1¢><; ax R x6 R 65 R QH o'o 1¢9
oM, sing 1M N , oM, 2sina 10M, " "
£+ M, -M =1 U, +1 X+ M, +—= - =1 v, +1
X R ( X 6) R 06 X 10 2¢x; aX R x8 R ag QH 170 2¢H
0Q, , 10Q, smaQX_cosa N, - Pcosa = | W,
X R 06 R R , 7

whereuo, Vo, Wo: the displacements at the mid-surfagepg the rotations of tangents along the
and faxes;P: hydrodynamic pressure acting on the shell surface
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Zs

N 1
and: I, :z Ip(k’zidz (i=0,1,2)
P=

with p® is the material mass density of #{&layer.

2.2. Fluid equations

The potential functiomd(z,6x,t) satisfies the Laplace equation in cylindrical rchoates £, 6, X):
0’0 100 1 9°D  0°D _
2 +__+_2 2 + 2 =
0z° 20z 2z°06° Ox
Then, the Bernoulli equation is written:

0 (8)

o P
9.7 =0 (©)
ot p
By linearizing this expression, the pressures eririternal regions are:
(10)
P = —paﬁ
ot |5
The condition of impermeability of the surface béh in contact with fluid can be expressed as:
v, =99 - 0% -
"ozl ot|,

wherew is the normal displacement of the shelis the velocity of fluid.
The hydrodynamic pressure acting on the cylindstell is then defined by [20]:

1 62W0 . 02W0 (12)
P =-p; 2 - 2
m+k Rl (k R)/1 (kR ot ot
where: . 1
m =-p

f m+ knRI rml(knR)/ I m(kn R)

This value will be introduced in (7) in order tdadish the Dynamic Stiffness Matrix for the
studied structure.

2.3. Continuity conditions

The continuity conditions at the conical- conicdlel joint can be obtained from
Kouchakazadeh and Shakouri [13] as follows:
U COSK —W SIng; =U,,, COSY,,; W, SING;.; U; SING; +W COST, =U,,; SING;y + W, COST,y;
_ a\Nl _a\N|+l
Vi =V ~ A
0% 0%,

i+1
X

Ml =ML =M a9

i+l
X

N! cosr, -Q, sina, =N!" cosr,, —Q\" sina,,,;; N.sina +Q cosz = N!"sina,, +Q " coxa,.,
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where:i = 1, 2.

3. CONTINUOUSELEMENT FORMULATION FOR CROSS-PLY COMPOSITE
JOINED CONICAL-CONICAL-CONICAL SHELLSCONTAINING FLUID

3.1. Strong formulation

Here, the state-vectgr= {Uo, Vo, Wo, ¢x, ¢4 Ny, Nxg Qx My, ng}T. Next, the Lévy series
expansion for state variables is written as:

{u0 x,6t),w, (x,61),8,%6,1),N, x,61),Q, (x,tS’,t),Mx(x,él,t)}T = i{um(x),vwn(x),¢59m(x),N,m &4 ,me(x),Mxm(x)}T cosnd“

oo

{Vo (X,e,t),¢x (X,g,t), ng (nglt)v M X8 (x,B,t)}T = Z{Vm(x)’¢><m (X)v ngm (X), M ><‘9m(X)}T Sil”ll’]"lééia‘t (14)

m=1
wherem s the number of circumferential wave.
Substituting (14) in equations (6) and (7), theimady differential equations in the

coordinate for then" mode can be expressed in the matrix form for eachimferential mode
mas [18-22]:

du : : D B,
— 11 1
)2“ =c,sina.u,, + mc,v,, +c,cosa.w,, +c;sina.g,, + mcp,, +—2N, ——2IM

G
av,, :mum B smavm _ Dg N +%Mx9m
dx R R Cio Cio
dw,, 1
= _¢xm + —me
dx KFe.
d . .
% =¢c,sina.u,, +mc,V,, +C,Cosa.w,, +c,sina.g,., + mc,@,, “By N, +A M,
X G G
d¢ m _sina
=2, B + 5N = 2,
dx R Cio Cio
d'(\jlxm = (cesinza - Iowz)um +mc sina.v, +c,sina cosa.w,, + (07 sin®a - Ilwz)¢xm
X
. . 1 m .
+mec,sina.g,, —sina| c, +E N, —ENM -c,sinaM
2
N mc,sina.u, +| m’c, + w— l,&° |v. +mcosal c, + kF‘z“‘ w, +
dx R R
rme,sinag, +(me, - E425T 1.6 lg, ~moN,, - ZRIN,, ~me M,

655



Vu Quoc Hien, Tran Ich Thinh, Nguyen Manh Cuong, Pham Ngoc Thanh

2
W _ ¢, sinacosau,, + mcosa(c6 + kF‘Z“‘ jvm +(c6 cos a +&f“4 — | - m*awam
dx R R

mkF,,

: sina l\ﬁ15)
+¢,sinacosa.g,,, +| mc, cosa — ®.n—C,CcOSa.N, R Q -c,cosaM,,

% = (208 sinfa - Ilaf).um +2mg, sina.v,, + 2¢, sina cosar.w, + +(209 sin’a - Izwz).¢xm

+ ZYTCQ Sina'¢ﬂn - 2CSSir]a"Nxm +Qx —|:25ina'[(‘3 +%jj|Mxm _%Mxﬂn

dMm . kF,, cosa kF
— = me,sina.u, +| m°c, - —#—= - | w® |v, + m| c;cosa — —* |w_ +
dx R
. 2sina
2 2
+mcysina g, + (m C, tkfF,, - lL,w );1)14M -mc..N,, —mc,M ., - = M 4
with:

¢, = A11D11 - 8121’ C, = (A12Bll - AllBIZ )/ RC11 C; = (BllBlz - A11D12 )/ RCM

c, = (ByBy, - A,Dy )/ R, ;Cy = (BllDlZ - BlZDll)/ Rc,;
(A1204 +BuC, T A,/ R)/ R:.c; = (Alzcs + B,Cy + By, / R)/ R;

Ce =
Cg = (81204 + D,,C, + By, / R)/ R;Cq = (Blch + Dy, + D,/ R)/ R;
Cp = Beze - A66D66
dé/m:AWym with A, is a10x10 matrix (16)
X

3.2. Dynamic transfer matrix, dynamic stiffness matrix K ()

The dynamic transfer matr[{],, is given by:
L

jAn(x,w)dx
To(w)=¢
Then [T]., is separated into four blocks:
[T] = |:T11 T1o (17)
" Tar Too)

Finally, the dynamic stiffness matrik {)] for conical shell containinfjuid is determined by:
[K (Q))]m = |: Tl_Zlle;l _TJ__%l (18)
Tor =Tl Tyy ToF 12

The assembly procedure of the finite element metbaded to construct the Dynamic Stiffness
Matrix for combined cylindrical-conical-conical dksecontainingfluid.

m

656



Free vibration analysis of joined composite conical-conical-conical shells containing fluid

Kcon+f|ui

Kcon+ ui
K((A])m - fluid

Kcon+f|uid

Natural frequencies will be extracted from the hamro responses of the structure by using the
procedure detailed in [18 - 22].

4. NUMERICAL RESULTSAND DISCUSSION
4.1. Compar ative study

A computer program based on Matlab is developedgu§iEM of composite joined
conical-conical-conical shells containidiferent fluid level.

Lowest frequency parameterg) = a)Rl(ph/All)llz are validated with analytical solutions

of Kouchakzadeh [13] for a free-clamped (FC) joicealss-ply laminated conical-conical shells
in Table 1: L/IR=1; h/R=0.01; h=2 mm; L= L,=L; Ly= 0; 0, = 6, a,= 3¢° anda, = 30,
a,= 60 E; = 135 GPa; E= 8.8 GPa; = 4.47 GPap,,= 0.33;p = 1600 kg/m. The results of
present study are in good agreement with Kouchal#tzadesults.

Table 1. Comparisorof lowest frequency parameter of joined crosskpiginated conical-conical shells
for various types lamination sequences and conkesifgC boundary conditions).

Layers/ Errors (%
No cone anglesil= 60 0= 30 Kouchakzadeh [13] CEM CEM-[iS])
1 [0,90] 0.0339(4) 0.0341 0.59
2 [90,0] 0.0338(4) 0.0340 0.59
3 [0,0,0] 0.0231(4) 0.0231 0
4 [0,90,0] 0.0302(4) 0.0303 0.33
5 [0,0,90] 0.0294(4) 0.0295 0.34
6 [0,90,90] 0.0447(4) 0.0447 0
7 [90,90,0] 0.0454(4) 0.0453 0.22
8 [90,90,90] 0.1303(3) 0.1313 0.76
9 [0,90} 0.0426(4) 0.0427 0.23
10 [0,90% 0.0367(4) 0.0369 0.54
11 [90,0} 0.0426(4) 0.0428 0.46
12 [90,0% 0.0476(3) 0.0477 0.21
1 [0,90] 0.0274(4) 0.0281 2.49
2 [90,0] 0.0273(4) 0.0281 2.85
3 [0,0,0] 0.0152(4) 0.0157 3.18
4 [0,90,0] 0.0210(4) 0.0216 2.78
5 [0,0,90] 0.0227(4) 0.0233 2.58
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6 [0,90,90] 0.0378(4) 0.0382 1.05
7 [90,90,0] 0.0380(3) 0.0381 0.26
8 [90,90,90] 0.0999(3) 0.1010 1.09
9 [0,90 0.0336(3) 0.0339 0.88
10 [0,90% 0.0273(4) 0.0279 2.15
11 [90,0} 0.0332(3) 0.0335 0.90
12 [90,0k 0.0368(3) 0.0371 0.81

4.2. Results and discussion

The above formulation is used to compute natueduencies for a Free-clamped joined
cross-ply laminated composite conical-conical-cahishells containingfluid: L/R, = 1;
h/R,=0.01; h=2mm; |l=L,=Ly=L; a,= 6, 0,= 45, a;= 37; E; = 135 GPa; k= 8.8 GPa;
Gy, = 4.47GPay,, = 0.33;p = 1600 kg/m; layers [6/90°, [0%90°/0%, [0%90%0%9C°. The
effects of fluid level and the number of layers fmmdamental frequencies of free-clamped
laminated composite joined conical-conical-conishklls containingfluid are illustrated in
Table 2.

Table 2. The fundamental frequenay (Hz) of joined cross-ply laminated conical-conicahical shells
containingfluid, n= 1 (FC boundary conditions).

Fluid m  Configuration Configuration Configuration % Reduction
Level [0/90] [0/90/0] [0/90/0/90] with respect to empty
[0/90/0/90] shell
1 595.1 576.4 597.7 -
2 395.9 396.2 400.0 -
H=0 3 261.0 273.0 271.0 -
4 208.6 247.6 237.2 -
5 226.7 219.3 294.0 -
1 507.0 512.7 525.0 12.16
2 358.5 366.1 365.8 8.55
H=0.5H 3 246.2 259.5 256.0 5.54
4 200.7 236.8 225.8 4.81
5 222.3 217.9 273.7 6.90
1 412.0 387.6 414.1 30.72
2 271.3 269.4 273.7 31.58
H=H, 3 191.1 198.7 197.1 27.27
4 162.4 185.4 177.7 25.08
5 190.9 202.3 213.3 27.45
1 289.6 272.6 290.5 51.40
2 188.5 187.1 189.8 52.55
H = H,;+0.5H, 3 141.5 146.6 145.5 46.31
4 126.9 143.3 137.5 42.03
5 151.7 167.9 166.0 43.54
1 273.0 259.6 273.8 54.19
2 183.9 182.8 185.0 53.75
H = Hi+H, 3 137.1 143.0 1415 47.79
4 103.7 120.7 115.7 51.22
5 1304 134.7 148.8 49.39
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1 2198 2114 2205 63.11
2 155.9 154.9 156.6 60.85

H = H+H,+0.5H, 3 105.1 111.3 109.4 50.63
4 76.4 89.6 86.0 63.74

5 104.6 107.2 121.0 58.84

1 2237 216.8 2244 62.46

2 152.5 152.3 154.0 6150

H"?flljll';;*H?' 3 93.7 98.3 97.6 63.99
4 725 86.1 83.4 64.84

5 78.0 74.9 102.2 65.24

Next, natural frequencies are calculattat a Free-clamped joined cross-ply laminated
composite conical-conical-conical shells containflugd: L/R, = 1; h/R; = 0.01; h = 2 mm;
Li=Ly=Ls=L; a;= 45, a,= 30, az= 15 E; = 135 GPa; k= 8.8 GPa; G= 4.47 GPap,,=
0.33;p = 1600 kg/n; layers [0/90°], [0%90°/0%, [0%90°/0%9(°]. The effects of cone angles on
fundamental frequencies of free-clamped laminateshposite joined conical-conical-conical
shells containindluid are illustrated in Tables 2-3.

Table 3. The fundamental frequenay (Hz) for joined cross-ply laminated conical-coricanical shells
containingfluid, n= 1.

Fluid m Configuration Configuration Configuration % Reduction
Level [0/90] [0/90/0] [0/90/0/90] with respect to empty
[0/90/0/90] shell
1 787.4 780.9 787.8 -
2 520.7 525.2 526.6 -
H=0 3 328.5 337.8 338.6 -
4 249.0 283.2 286.9 -
5 245.8 227.1 327.3 -
1 620.9 609.7 635.4 19.35
2 438.9 447.0 446.6 15.19
H=05H 3 298.4 310.0 307.9 9.07
4 237.4 270.7 267.4 6.80
5 241.8 225.8 300.6 8.16
1 499.1 470.4 500.3 36.49
2 310.5 306.9 312.2 40.71
H=H, 3 2145 2185 219.1 35.29
4 179.4 195.1 193.1 32.69
5 201.6 205.6 220.1 32.75
1 342.2 324.7 342.7 56.50
2 210.6 208.6 211.4 59.86
H = H;+0.5H, 3 155.0 157.6 157.9 53.37
4 136.4 147.0 145.4 49.32
5 157.8 166.8 169.0 48.37
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1 322.1 271.7 3224 50.08
2 204.9 186.6 205.5 60.98

H = Hyt Hy 3 150.2 156.6 153.6 54.64

4 110.1 111.3 121.9 5751

5 136.9 122.7 154.7 5273

1 258.1 251.1 258.2 67.23

2 174.0 173.4 174.4 66.88

H = H+H+05H 3 116.1 120.8 119.9 64.59
4 83.9 93.8 93.5 67.41

5 114.0 111.9 131.7 50.76

1 257.2 2525 257.2 67.35

2 168.2 169.3 170.2 67.68

H (:ﬂrﬁ;'?;; Ha o g 102.4 105.4 105.7 68.78
4 76.4 86.2 88.1 69.29

5 78.2 72.1 104.0 68.22

The effects of fluid level, cone angles and the benof layers on fundamental frequencies
of free-clamped laminated composite joined conamalical-conical shells containirfyid are
illustrated by the Tables 2-3 and Figures 2-3.

The result show that, natural frequency of compogiined conical-conical-conical shells
containingfluid reduces as fluid level increases, filled fludan reduce significantly the natural
frequency of a laminated composite joined conicalical-conical shells containinfuid.
Natural frequency of composite joined conical-caiimonical shells containing fluid reduces
when the cone angles increase. Increase numbayefslin constant thickness, increases natural
frequency of composite joined conical-conical-cahishells containing fluid. In addition, the
use of 98 layers as outer ones increase the rigidity ofthecture and results in higher values of
frequency.

Frequency (Hz) n=1, m=1-5, a1 =60°,02 =45°, a3 =30°

700,000

=—H=H1+H2+H3
600,000 =@ H=H1+H2+0.5H3
500,000 A= H=H1+H2
400,000 H=H1+0.5H2

—=—H=H1
300,000

~—&—H=0.5H1
200,000 -+

H=0

100,000
circumferential wave
numbers (m)

0 T T T T T 1
0 1 2 3 4 5 6

Figure 2. Effect of fluid level on fundamental frequencdree-clamped laminated composite joined
conical-conical-conical shells containifigid.
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Frequency (Hz) n=1, m=1-5
900,000 T
’T\ —— anfal=60, anfa2=45,
800,000 .\ ’ | ‘ anfa3=30 (filled)
700,000
\ / ! \ ~—#— anfal=45, anfa2=30,
1 _ X
600,000 \ m anfa3=15 (filled)
500,000 \ - —®— anfal=45, anfa2=30,
400,000 1 anfa3=15 (dry)
300,000 Lc”/. anfal=60, anfa2=45,
200,000 S anfa3=30 (dry)
100,000 \ ———T
circumferential wave
0 ! ! ! ! ! " | numbers (m)
0 1 2 3 4 5

Figure 3. Effect of cone angles on fundamental frequencidsee-clamped laminated composite
joinedconical-conical-conical shells containihgd.

5. CONCLUSIONS

Based on the numerical results presented in tiperpdhe following conclusions may be
drawn:

Continuous Element Method can be used to calculateral frequencies of thick joined
cross-ply laminated joined conical-conical-consiaglls containindjuid.

The filled fluid can reduce significantly the nalufrequencies of thick joined cross-ply
laminated joined conical-conical-conical shells.

Natural frequency of composite joined conical-cahitonical shells containing fluid
reduces as the cone angles increase

Natural frequency of composite joined conical-cahitonical shells containing fluid
increases when number of layers increase

The present Continuous Element model can be expatodsolve the vibration problem of
joined composite conical-conical-conical shell @mingfluid on foundations.
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Appendix: Matrix [A (w):lloﬂo:

gsimr mg Geog gsim mg %1 o 0 _%1 0
m _siar 0 0 0 By 0 B
R R Go Go
0 0 0 -1 0 0 0 1 0
ks
csim mg c,cog csim mg —%1 0 0 %1 0
0 0 0 m sim o B o o A
Al R R Go Go
((%sim—l(p?) mgsitr Gsimcog (qsiﬁa—lloi) mesirr {q+é]sim —g 0 —simr 0
mgsinr [rﬁwkﬁ“T?g _Iof‘jj rmo‘{w%‘j mesimr [rﬁc,——k"‘:“;w—lloij -mg —%’” o -m 0
gsimcos rrcos(qﬁ%‘) (gco’sﬂ%"‘:“—loa%—nidj Gsimcog nchos'—k—g“J -G cog 0 —%ﬂ —-co8 0
(ngiﬁa—llé) angsimr Zsimcos (gsiﬁa—lﬁ) angsimr -2;sim 0 1 —zsim{g+éj _Tr:
mgsinr ( n%g—kE4;0H‘|1“3j nEgcos—k—RE“j mgsimr (n%cg+k54—| 2(5) -mg 0 0 g - %m
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