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EFFECT OF SHEAR DEFORMATION ON FREE VIBRATION OF
CYLINDRICAL COMPOSITE NETLIKE SHELLS

Abstract: This paper describes the effect of shear deformation on free vibration of composite netlike

cylindrical shell.

Using “additional” forces N;;,
from technical theory, and displacement fields U, Vv, and
equation of free vibration of netlike cylindrical shells.

Nij at critical deviation equilibrium of shell in the linear equation, derived

W, defining the relative deformation, derived the limited

Also based on proven theory of S.A.Ambartsumyan and using displacement fields U, Vv, and W derived the

equation for free vibration frequency of netlike cylindrica
The relative difference 5(m, n) of the two vibratio

I shell with the effect of shear deformation.
n frequency equations at constant n=3, n=10 was plotted

against increasing M and it was proven that the difference increases with the effect of shear deformation.
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1. Introduction.

One of the problems of used shell theories
based on Kirchoff-Love kinematical model is that it
does not account for shear deformation. This factor
effects determining the vibration frequency and
critical static force, thus there is no need to prove that
it will have its impact when solving complex
dynamic problems. This paper describes the use of
technical theory based on Kirchoff-Love kinematical
model on composite cylindrical netlike shells.

Nowadays when solving problems of plates and
shells taking into account shear deformation, the
linear theory of cross-sectional tangent deflections of
structures (The Timoshenko kinematic model) and
the theory based on parabolic shear stress on cross-
section are mostly used [1, 2, 3].

LINDRICAL COMPOSITE NETLIKE SHELLS. ISJ
Doi: &Gos¥f http://dx.doi.org/10.15863/TAS.2016.01.33.17
Analyzing the papers describing the

determination the frequency of free vibration using
the shear deflection and rotatory inertia of isotropic
cylindrical shells Greenberg et al [4] points on a
problem of determining the free vibration frequency
of anisotropic shells especially the effect of shear
deformation on shell with low shear module.

2. The method to account for the effect of
shear deformation on free vibration of composite
netlike cylindrical shell.

From the technical theory we can derive the
following linear equations for netlike cylindrical
shell.

ONy;

OX

N
+a 24+P +X,=0:
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8N_22+8N_12+p X, =0 My, = Dy X, + DX,
oy OX ’ ’ M,, :M21=D66(Tl+2-2)'
ON;; ON,; N, The relative deformations in the equation with
B + - +P+X;=0, (D) the help of displacement fields u,v and w are defined
X oy as follows:
oM, M,
W+W_N13+@2+F2_0' g_au.g _8v+w
1 = T~ 1G9 — T T,
oM,, oM, X ad R
—=+—=-N,+¢p +F =0, P P
» n="tin == @
here: Njj, are the “additional” forces at critical OX oy
deviation equilibrium of shell, and under the oW ow
technical theory will take the following values. 0 =—;0,=—.
OX oy
Ny =Cp6 +Cpé,, X _87X_X _a7y_z_ _67y,2_ 0y, @
N,, =C,&, +Cpe oo TP eyt o ax Ty
22 2€>2 1261 oy oy
N, =N,, =C.¢&,,,
2 2 o Putting equations (2), (3) and (4) into equation
Ny =Cs (91 + 72)’ ) (1) we will get the equation for free vibration of the
N =C23(02 +7y)' shell.
M, =Dy X + DyoX,,
o’u o°u d%v Cp 0w  2phs(8%u h?5% 0%y, ).
C11:72+C6672+(C12+C66) +2 50 2P —~ o2 2 |
OX oy oxoy R ox a ot 3a‘R ot
o°u 0° 0°v Cy,ow 2ph5(0%°u  h*6° o°
(C12+C66)_+C22_‘2/+C66 ‘2/"' 2= Ph T a2 };X ;
Oxoy oy OX R oy a ot 3a‘R ot
2 2 2
c O@, o 0w Cu Codu Cudd . Ox, c o 280w,
ox? oy? R R ox R oy ox ay a ot?
0%y, 8%y, %y, dw 2ph°s% 0%y, 1d%
Dy —5 +Dg—5 —Cryy + (D + Dgg) —-Cjs— = 3 —F+=—=);
OX oy Oxoy OX 3a ot R ot

aZ}/y 2

0%y 0%y, dw 2ph35%( 0%y, 18°9
Dzz?JrDeeaX—y C237/y(D12+D66) C = o Ly = )

2 oxoy Py 3 | a2 R’

Assuming that the shell is in free connection
with two sides, and at X =0 values it is satisfied _ . . _
with finite conditons N =0 9=0 =0 V7 y Into Fourler series we get:

M, =0, and putting the unknowns U, $,® and

Uy, ) =3 S U (t)cos 2,y + UL, (©)sin B, y]cosa, x.

900,y 0) =33 Vo ()sin £,y —V/ () cOS B, yJsin e .
o(xy ) =3 S W, (t)cos 5,y ~W, (t)sin 5, y]sin @, x. ©

m=1 n=1
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7 (% Y1) = ff[xmn (t)cos B,y + X, (t)sin B,y]cosa, X .

m=1 n=1
[ ) , ]
7,06y, ) = D3 Vo (t)sin B,y =Yy, (t) cos B,y Jsine, x
m=1 n=1
— zm — n 33 C 2 2.
here o, —Tvﬁn R 9 :RTzrzn‘FClsam"’Czsﬁn'
Putting equation (6) into equation (5) and by g34 —C.q.-
using two similar U ., V.. W_, X ., Y, and gssmn_ _C13 m.,
' - 23 ’
Ul Vo Woo XY, unknowns we get the w '2'";3 +ﬂ2Dn iC
series of equations, we write the first five differential 9m = %n Py n —66 13°
equations in matrix form. 9% = —a, f,(Dy, + Dy )
2pho
M dtzmn + Gmn fmn — 0 (7) 11 22 33 a
2005
My = Mgy =———F—,
Here f ={ o Vi W X ,Ymn} and G, 3a
~ 3¢3
M are next symmetric matrixes not equal to zero: m.. = - 2ph°5
14 25 3
3a°R
11 2 2
=aC. +p:C.;
ngn nCn +n Coo Analizing the effect of shear deformation on
O =~ B, (C12 +Ces ) vibration frequency at bending vibration conditions
C in literature, and using equation (5) we get the known
g#i =2 dm; equation
R 42w ,
gii = aiCGG +ﬂnzC22; dtzmn + WO, Wmn =0. (8)
23 _ ﬁ . Here @? value as per [5] determined as follows:
gmn R n?
4 2
w2 = a {amcee(cnczz _C12)+ Ko } ©)
mn ’
2ph§ Amn an
> et *CuiCos + B, "CryCo + 2 7 (C11C,p —CP1z —2C,,Cos )|
A =R% [@m “1utes + 0, CpCo + " 5,7 1C1,Cy, 12 12%66
6 4 2 2
Kon = @ Ci3Dy Dgs + a0y S [C13<D11D22 -D"2 2D, Dee)"‘ Cas D11D66]+
2 nd 2 6
an B, [C13 D,,Dgs +Cys (D11D22 —-D,," —2D,,Dg )]"‘ B, Cy3DyyDgs +C1uCos x
4 4 2,52
[am Dy + 8, Dy +2a," B, (Dlz + 2D )]
4 2 2 2
By =&y DyyDg +a"nfB,” (D3 Dy — D12 — 2D, D) +
4 2 2
By DyDgg + ' m (C13 Dgs +Cos Dy,) + B, (C13 D,, +Cy Dse) +C5Cy
C;; and Dj; are hardness of shell [6]. If C,3 > o0, C,; — o then from equation

(8) as per [4] we get below vibration equation based
on technical theory:
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2 C c,C, -C
nzm a D11+2amﬂn (D12+2D66)+ﬂn 66( — 12) . (10
2ph5 Amn
If we wuse proved -equations of S.A.

Ambartsumyan we get as a base of analysis the next
values of shear stresses
_1.,h 52 )

= ( -z )(D(X! y,t),

The movement equation of the shell is
described with unknowns U, V, W, @, thus putting
the values of intersecting forces and momentums

from equation (13) to equation (1), and also
considering the values of

ow 2(4b)*
X, =—+as (—2)(0
OX 5a
ow 2(4b)?
]/y =—E+a44 ?(ﬂ and
C13 = Kl@Gls
a

1( h%s52
0237( " —zz]w(x,y,t)- (11)

Based on technical theory we write the
displacement and deformation as follows

(12)

The intersecting forces and momentums values
are defined as follows:

2

(13)

:
)

5a°
K'=K" = % we get the equation (9).

This means that the equation taken as per
proven theory of S.A. Ambartsumyan is derived as
per above equation (9) of netlike shell. If comparing

the (w,,) values of above equation (9) with
equation (10), then the relative difference will be the
(1)

—a

mn

oW
OX

55

G, =Kk 2Mg

23

difference of Oy, = —1 values.
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When R=1, L/R=2 and because m and L values

. I mR
are in combination of T we can analyze the

change of m while 1/L is constant, or vice versa.

Putting the equation into program we can see that at
n=3, n=10 and G12/G13=1, & increases.

i

yd

/

deformation, %

e

e

The difference of vibration shear

The form of linear vibration, m

=—t=—1-n=3

v 2-n=10

Figure 1 —The graph of changing the difference
of vibration using shear deformation, where n=3, n=10, from m.
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