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NATURAL FREQUENCY OF FLUID -FILLED LAMINATED COMPOSITE
CYLINDRICAL SHELLS ON ELASTIC FOUNDATIONS

SUMMARY

Nguyen Van Trang’, Duong Pham Tuong Minh
College of Technology - TNU

In this paper, natural frequency of completely fluid-filled composite circular cylindrical shells on
Winkler and Pasternak elastic foundations are studied. The Dynamic Stiffness Method is employed
to solve the cylindrical shell problem. Natural frequencies of fluid-filled cylindrical shells based
on elastic foundations are evaluated. It is observed that frequencies are strongly affected when a
cylindrical shell is attached with elastic foundations. This analysis can be extended to investigate
the other aspects like buckling and dynamic response involving different types of materials used

for cylindrical shells.
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INTRODUCTION

Fluid-filled composite circular cylindrical
shells on Winkler and Pasternak elastic
foundations are popular structures in
engineering applications including
aeroplanes, ships and construction buildings.
Lots of research, including theoretical,
numerical and experimental studies have been
carried out to investigate the dynamic
performance of shells with different shapes
and boundary conditions. Free vibration of a
partially ~ fluid-filled cross-ply laminated
composite circular cylindrical shell is
investigated by Xi et al. [1, 2] using a semi-
analytical finite element technique based on
the Reissner—Mindlin theory and
compressible  fluid equations. Vibration
analysis of thick axis-symmetric laminated
composite shells on  Winkler elastic
foundation by Continuous Element Method
was studied by Nguyen Manh Cuong, Tran
Ich Thinh et al. [3]. The vibration analysis of
laminated orthotropic shells with different
boudary conditions and resting on elastic
foundation was conducted by Sofiyev et al.
[4]. Although some studied focusing on
different aspects the laminated composite
structures have been reported, free vibration
investigation of fluid-filled composite circular
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cylindrical shells based on Winkler and
Pasternak elastic foundations is still absent.

This paper presents a detailed study of free
vibration of the fluid-filled composite circular
cylindrical shells on Winkler and Pasternak
elastic foundations. The Dynamic Stiffness
Method is used to solve the cylindrical shell
problem. Natural frequencies of fluid-filled
cylindrical shells based on elastic foundations
are evaluated. Illustrative examples are
provided to demonstrate the accuracy and

efficiency of the developed numerical
procedure.
FORMULATION OF CROSS -PLY

LAMINATED COMPOSITE CIRCULAR
CYLINDRICAL SHELLS WITH FLUID
BASED ON ELASTIC FOUNDATIONS
Displacements, forces and moment
resultants of cylindrical shells

Consider a thick circular cylindrical shell of
length L , thickness h and radius R . The shell
consists of a finite number of layers which are
perfectly  bonded together.  Following
Reissner-Mindlin assumption, the
displacement components are assumed to be:

u(x,é,z,1t)

=Uu,(x, 6,t)+ 29, (x,0,t);V(X,0,2,t)
=V, (X, 0,1) +2¢,(X,0,1);w(x,0,2,t)
=W, (x,6,t)
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) Lk k=5/6: the shear correction factor, z,.; and z
=t e are boundaries of the k™ layer.
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Figure 1. Laminated composite cylindrical shell

fluid on elastic foundations

where Uy and v, are the in-plane

displacements of the shell in the mid-plane,

and ¢ and o, are the shear rotations of any

point on the middle surface of the shell. The

strain-displacement relations of cylindrical

shell of radius R can be written as:

ou 0 1 ov 0 W,
& =—+12 ¢X;89=——°+£&+—°;
OX OX Ro6 R o6 R
1ou ov 10 0
yxe:__o+_o+z(_&+&j;
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For general cross-ply composite laminated

cylindrical shells, forces and moment
resultants are determined by [7]:
0 ov 0 0
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ou ov W, 0 0
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Where Aj, Bj, Dj are the laminate stiffness
coefficients and are defined by [7]; and
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The equations of motions based on the first-
order shear deformation shell theory for a
laminated circular cylindrical shell filled with
fluid taking into account hydrodynamic
pressure P and based on elastic foundations are:

N 19 1 du &
Ly (w— ng):lo 041 20

x RO 2R o ot
d 1 N & &
[NX€+MX€)+H+Q€:|O\?+|1 (/Z”
ox 2R RO R ot at
Q, aQ, N, o'w, Low, 10d'w,.  d'w,
XS0 _ 0 _p_Kw +K Sl N =1
& RAO R v Z(axz R ox Rzaez) ° at?
M, M, du, | o
Lp—2_Q =1 — 4], —*
&  RoO < ot Pt
oM oM o’v o
axxo " Ra; ~% =l atzo +l, a?ﬂ )
where:
N Zka
= j p“7'dz (i=0,1,2)
k=l 4,

in which p% s the material mass density of
the k™ layer and K; is the Winkler foundation
modulus; K, represents the shear modulus.

The cylindrical shell is partially or completely
filled with an incompressible, inviscid liquid.
For the steady-state case, the potential function
@ satisfies the Laplace equation: A® =0
Then, the Bernoulli equation is written as:
oo P
—+—=0
o py
The condition of impermeability of the surface
of shell in contact with fluid may be written as:
oD|  ow,
Vi =—1 =—
orly ot

z

where v; is the velocity of fluid, 3 is the
contact surface.

Thus [8]:
1 o°w, |
(kr)/ 1, (kr) ot |,

The term k, will be determined based on the
fluid boundary condition.

P=—
Pk

n o m+l
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DYNAMIC STIFFNESS MATRIX (K Ce)] { AT, T3 }
[0 =
FORMULATION " T - T T T ToTid

Here, the state-vector y = {Uo, Vo, Wo, ¢s, g,
Ny, Nyg Qo M,, M}' and the Lévy series
expansion for state variables is written as:

{u,(%,6,8), w, (x,6,0),8,06.6,0,N, (.6,6),Q, (x 6,0, M, (x,6,0)}

= 2 {0, 00, 00, (N, (9,Q,,(0,M, (5)] cosmee™

m=1

{v,(6,60,0),6,(x,8,0)N, (x,6,1),Q,(x, 6,0, M, (x,6,)}'
= Y4V (0,6, (0N, (x),Q,, (), M, (x)} sinmée™

(7)
Substitute formulas (7) into equations (3) and
(4), using the approach developed in the
previous researches [5, 6], a system of 10
differential equations is obtained and written
in the matrix form for each circumferential
mode m:

a{yyt r
— o =IAL Y,

The dynamic transfer matrix [T], is given
Al L
by : [T]mze[ I

Finally, the dynamic stiffness matrix [K(®)]n
is determined by [5,6]:

The dynamic stiffness matrix can be easily
assembled with other element matrices in
order to model a long cylindrical shells or
cylinders with portions of different properties.

The natural frequencies of the structure and
harmonic responses are determined by using
the procedure detailed in [5].

NUMERICAL RESULTS AND
DISCUSSION
A computer program based on Matlab is

developed using the CEM to solve a number
of numerical examples on free vibration of
composite cylindrical shells with fluid and
based on elastic foundations.

The composite material of the shells has the
following  properties:  E;=206.9  GPa;
E,=18.62 GPa; v.,=0.28, G;,=4.48 GPa;
G15=4.48 GPa; Gy;=2.24 GPa; p=2048 kg/m?;
layer scheme: [0°/90°0°90°]. The water
characteristics are:p; = 1000 kg/m®, ¢ = 15
m/s. Dimensions of the circular cylindric
shells: h=9.525 mm; R=0.1905 m; L=0.381 m.
The effect of both elastic founddfbn
stiffnesses (K;, K;) on the first natural
frequencies of wet shells are listed in Table
1 and illustrated in Fig 2.

Table 1. Effects of foundation stiffnesses on first fundamental frequencies of wet cylindrical shells.

K, 0 10° 1,5x10° 2x10° 2,5x10°
K,
0 419.8 428.9 433.4 437.8 4422
10* 429.2 438.1 4425 446.8 451.1
1,5x10* 433.8 442.6 446.9 451.2 455.5
2x10* 438.8 447.1 451.4 455.6 459.8
2,5x10* 4428 4515 455.7 460.0 464.1
470
:'E, 460

asg K —
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——0
——1x10e6
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2x10e6
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Figure 2. Effects of foundation stiffnesses (K1, K,) on fundamental frequencies of wet cylindrical shells.
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The effect of ratio R/h on the first natural frequencies of wet shells are listed in Table 2 and
illustrated in Fig. 3. When the ratio R/h increases, the fundamental frequencies are decreased.
Table 2. Effect of ratio R/h on the first natural frequencies of wet [0°/90°/0°/90°] cylindrical shells.

R/h
K Ko 20 40 60 80 100
K,=0, K,=0 419.8 342.4 271.7 2415 223.3
K,=2.5x10° 422.1 347.9 281.2 254.9 240.2
K,=2x10* 421.7 352.8 289.6 266.6 254.9
K,;=2.5x10% K,=2x10* 424 358.1 298.6 278.8 269.9
450 :
400 N
350
o K1=0, K2=0
E 300
= s —<—K1=2.5x10e6
200 e K2=2x10e4
150
K1=2.5x10e6,
100 K2=2x10e4
50
0 R/h
1 2 3 4 5

Figure 3. Effect of ratio R/h on the first natural frequencies of wet [0°/90°/0°/90°] cylindrical shells

CONCLUSIONS

In this work, vibration frequency analysis of
fluid-filled laminated composite circular
cylindrical shells based on elastic foundations
is presented for clamped-free conditions. The
Dynamic Stiffness Method is used to derive
the composite shell frequency equation
including the elastic foundation and fluid
loading terms. The influence of elastic
foundation is more pronounced on the shell
frequencies. This analysis can be extended to
investigate the other aspects like buckling and
dynamic response involving different types of
materials used for cylindrical shells.
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TOM TAT '
DAO PONG CUA VO TRU CHUA CHAT LONG
VA TIEP XUC VOI NEN PAN HOI

Nguyén Vin Trang’, Dwong Pham Twong Minh
Truong Dai hoc Ky thugdt cdng nghiép — DH Thdi Nguyén

Bai béao nay tap trung nghién ctru dao dong tu do cua vo try composite 16p chira chit long dong
thoi t1ep xac voi nén dan hoi. Bé giai quyét bai toan, tac gia da de Xuét Phuong phap DBg clng
dong de xéc dinh tan s6 dao dong riéng ctia vo tru chira chat 1ong nam trén nén dan h01 Két qua
chi ra rang tan so dao dong cua vo tru bi anh huéng manh khi v6 tru chira chat long tlep xtc dong
thoi v6i ca hai nén dan hoi Winkler va Pasternak. Huéng nghién ctru nay hoan toan c6 thé mo rong
cho céc trudong hop khac nhu 0 6n dinh va tai dong cua vo tru lam bang cac loai vat li€u va chiu cac
lién két khac nhau.

Tir khéa: dao déng tir do, vé tru composite chira chdt long, ma trgn déng cimg dong, nén dan hoi
Winkler va Fasternak
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