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Free Vibration Analysis of Combined Cylindrical Shells with an Annular Plate
Considering Additional Deformations
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Abstract

The theoretical method is developed to investigate the vibration characteristics of the combined cylindrical
shells with an annular piate joined to the shell at any arbitrary axial position. The structural rotational
coupling between shell and plate is simulated using the rotational artificial spring. For the translational
coupling, the continuity conditions for the displacements of shell and plate are used. For the uncoupled
annular plate, the transverse motion is considered and the in-plane motions are not. And the additional
transverse and in-plane motions of the coupled annular plate by shell deformation are considered in analysis.
Theoretical formulations are based on Love’s thin shell theory. The frequency equation of the combined shell
with an annular plate is derived using the Rayleigh-Ritz approach. The effect of inner-to-outer radius ratio,
axial position and thickness of annular plate on vibration characteristics of combined cylindrical shells is
studied. To demonstrate the validity of present theoretical method, the finite element analysis is performed.
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Fig. 1 Combined cylindrical shell with an annular plate
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Table 1 Comparison study with FEM

Natural frequency (Hz)

2nd 3rd 4th
1098.8 | 1189.0 | 2769.5
1083.2 | 1123.7 | 2679.9
1147.3 | 1179.0 | 2949.5
931.25 | 1267.7 | 2259.4
919.71 | 1242.2 | 21525
928.51 | 1298.0 | 2301.6
666.38 | 1498.7 | 2017.5
644.73 | 1430.0 | 1952.1
639.72 | 1499.0 | 1923.0
77020 | 1679.6 | 1752.4
747.84 | 1619.9 | 1677.6
77222 | 1593.8 | 17385
1021.7 | 1424.1 | 1711.8
995.68 | 1381.0 | 1665.2
1021.4 | 1391.5 | 1653.8
1240.4 | 1323.0 | 1497.8
1216.6 | 1288.1 | 1452.1
1232.0 { 1323.0 | 1470.1

Method
5th

3068.2
2908.6
3070.0
3088.3
2925.4
3111.3
2586.0
2530.1
2505.1
2078.9
2025.3
2014.1
2035.0
1961.7
2032.9
2336.0
2279.3
23313

1st
269.23
255.93
267.27
392.67
377.67
390.66
558.96
541.78
557.75
483.90
477.19
468.62
442.70
440.20
445.20
504.30
503.76
498.39

Theory
1| FEM
Ref[7]
Theory
2| FEM
Ref[7]
Theory
3| FEM
Ref[7]
Theory
4| FEM
Ref.[7]
Theory
5| FEM
Ref[7]
Theory
6 | FEM
Ref[7]
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Fig. 2 Comparison of axial vibration mode shapes of n=2
mode for combined shell used in Table 1
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Fig. 3 Effect of axial position of annular plate for the
first modes of combined shell
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