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Vibration Analysis of Axial Symmetric Circular Cylindrical Shell Using High-
Order Theory to Approximate Transverse Displacement by Finite Element
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! Assis. Prof., Pilot Department, Imam Ali University, Tehran, Iran.
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Abstract

In this study, vibration analysis of axial symmetric circular cylindrical shell has been investigated. The high-
order theory is used to approximate the transverse displacement in this study. Hence, the transverse
displacement based on the Fourier expansion is extended to three terms. Due to the symmetry of the
cylindrical shell, only the axial mode has been investigated. The strain and kinetic energies are obtained for
the circular cylindrical shell. The Hamiltonian principle was used to derive the equations of motion. The
stiffness and mass matrices have been obtained by applying Galerkin method and finite element method. For
this purpose, the linear shape function is used for all unknowns. In order to validate the research, comparing
the axisymmetric frequencies of the results with previous studies has been used. Finally, the axisymmetric
frequencies and axial mode shapes of the circular cylindrical shell for various boundary conditions are given,
including simply support-simply support, clamped-clamped, clamped-simply support and clamped-free.

Keywords: Circular Cylindrical Shell; Analysis of Vibration; High-Order Theory; Finite Element.
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Sloda] Cowsds 3 polie

L=0.2 m, R=0.1 m, h=0.002 m, E=0.45 GPa, v=0.45,
p=1452 Kg/m3
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N, =L{(1—v)a—u+(1—v)—za—¢+ w+vw' +h—2—w }
1-2v)(1+v) ax 12R 9 8 R
x = Eh° {1(1—v)a—u+(1—v)a—¢+2—vw’+vw”}
12(1 - 2v)(1 +v) R ox Ox R
21+ v) ox 12R dx  0x 24
N, = ;{ + (1= v)Hw +[h — (1 — )RHw' + =2 RerH - h)w”}
(1-2v)(1+v)
My = U_me{_(l —v)[RH — hlw + (1 — v)R[RH — h]w
3 3
+v ﬁg—¢+ [(1 ; v);l—z— ¢ ; U)RZ(RH - h)]}
SN TR N
*7T2(1+v)[12R7 T 12Rax 12 ax ' 160 ox
;{ hau o W, vhw+(1 —v)hw' + (3 — 20)w" ﬁ}
(1-2v)(1+v) 12R ox 24R
[ S {vh—36—“+ Q=) R (RH = hjw + [h—3—( ) R2(rH — h)]
(1-2v)(1+v)| 240x 2 24 2
1—v 2
+%R3 RH — h<1 +W)] w”}
_ En? {i¢+ia—w+ h? 6w’+h_zaw”}
*T21+v)(247 T 2409x " 160R 9x = 320 dx
B = ;{vﬁa—u+ h—36—¢+— "+ (- v)—3w”}
(1-2v)(1+v)| 12Rox = 120x  12R 12
Eh(1 —v) Eh3(1—v) vEh
1T A - 20)(1 +v) 2T 12R(A - 20)(1 + v)’ D = ra—2ma+vy
D, = vER® : Ds = E—h’ Dg = E—h3
8R(1 —2v)(1+v) 2(1+v) 24R(1+v)

_ E[h— (1—v)RH]
7T RA-2v)(1+v)

D_10 = (Eh*5)/(320(1 + v))

E h3
(1-2v)(1 + V)R |24
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R?(RH — h)

D_11 = [(E(1 — v))/(4(1 — 2v)(1 + v))][R"3 H — hR"2 + h"3/4]
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