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ABSTRACT: Present study shows three different methods finding the eigenfrequencies of an infinite circular
cylinder under free-vibration; Elasticity theory that can be applied to general case, thin-shell theory that can be
effectively applied to the cylinders with small thickness, and numerical study using Finite Element Method
(FEM). The results obtained from those methods were verified through the cross check among the calculations.
Changing the thickness of the cylinder for a fixed outer radius, all the eigenfrequencies below 1 kHz were found
and their dependences on the modal index and the thickness were observed.
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Fig. 1. Configuration of a circular shell for elasticity
theory.
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Fig. 2. Configuration of a circular thin-shell.
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Table 1. Physical parameters of steel AISI 4340.

Outer
Diameter (m)

h (mm) |E (GPa)| v | p (kgm’)

10, 20, 50,

! 100

205 0.28 7850
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Fig. 3. Mode shapes of the first four eigenmodes of the circular cylinder found in the frequency range below 1 kHz
using COMSOL. Above are the calculations for the cylinder with the thickness of 10 T.
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Table 2. Eigenfrequencies found below 1 kHz for an
infinite circular cylinder using the properties in Table 1.
The units of the frequencies are Hz.

[ (H2)
! 10T 20T 50T 100 T
A 26.8 54.6 144.1 316.8
2 B 27.0 55.1 145.2 3223
C 26.8 54.6 144.6 316.6
A 75.6 154.6 405.3 863.4
3 B 76.1 1542 4104 910.9
C 75.8 154.6 405.4 863.1
A 145.4 295.5 767.6 -
4 B 145.2 296.3 787.8 -
C 145.1 295.2 767.6 -
A | 2347 476.6 - -
5 B | 2352 479.5 - -
C | 2345 476.2 - -
A | 3434 696.4 - -
6 B 3443 702.7 - -
C 343.8 696.4 - -
A | 473.0 955.2 - -
7 B | 4745 968.0 - -
C | 4728 955.1 - -
A | 6213 - - -
8 B 623.6 - - -
C 621.4 - - -
A | 7892 - - -
9 B 793.8 - - -
C 789.4 - - -
A | 976.6 - - -
10 B 983.0 - - -
C | 9768 - - -
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Table 3. List of conditions giving errors of eigen-
frequencies between thin-shell theory and elasticity
less than 1 % for Steel AISI 4340 cylinder. These
conditions are obtained from Eq. (16).

Outer Thickness

Diameter (m)| 10 T 20 T 50 T 100 T
hf/a | 004 0.08 0.22 0.5

03 n <6 n<3 n<3 n<3
hfa | 0.02 0.04 0.11 0.22

10 - n<6 n<3 n<3
h/a | 0.01 0.02 0.05 0.11

20 - - n<5 n<3
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