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ABSTRACT

The free vibration analysis and design optimization of the rotating composite cylindrical
shells with a rectangular cutout are investigated by theoretical method. The Love's thin
shell theory is used to derive the frequency equation. The theoretical results are obtained
by application of the energy method employing the Rayleigh-Ritz procedure. The used
circumferential vibration modes are trigonometric functions, the axial modes are the beam
modal functions chosen to satisfy the prescribed boundary conditions. To check the

validity, the theoretical results are compared with experimental, FEM and other
theoretical results.
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Table 2 Non-dimensional frequency parameters for a rotating composite cylindrical shell
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Table 1 Frequency comparison with experi-
mental, FEM, and theoretical results
for the isotropic cylindrical shell

without/with a cutout (Unit :

Hz)

Mode Without cutout With cutout
shape
( m, n)*| Exp. {FEM|Theory| Exp. | FEM | Theory
(1,2) 292 309A 323 | 285 | 307 317
(1,3 550 | 541 | 544 | 534 | 540 | 530
(1,4) | 995 | 1008 | 1010 | 965 | 1007 | 988
(2,3) | 865§ 881 | 937 | 840 | 861 913
*( m, n): Axial and circamferential wave number

without cutout ( #/R =0.002, L/R=1)

2 m=1 Ref.(4)-Sanders theory Present-Love theory
(rev/s) n Backward Forward Backward Forward
1 1.061862 1.060705 1.061850 1.060693
2 0.804695 0.803414 0.804691 0.803410
3 0.598913 0.597760 0.598912 0.597759
0.4 4 0.450657 0.449663 0.450658 0.449664
5 0.345718 0.344864 0.345719 0.344866
6 0.271198 0.270459 0.271200 0.270461
7 0.218017 0.217370 0.218020 0.217373
1 1.062727 1.059836 1.062716 1.059825
2 0.805665 0.802463 0.805660 0.802457
3 0.599817 0.596934 0.599814 0.596931
1.0 4 0.451509 0.449023 0.451506 0.449019
5 0.346587 0.344452 0.346583 0.344448
6 0.272188 0.270340 0.272182 0.270334
7 - 0.219257 0.217639 0.219248 0.217631
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Table 3 Composite material properties

E, E, Gy
(GPa) | (GPa) | (GPa)
139.4 8.35 3.1 0.268 1542

Vi o (kg/m®)
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Fig. 2 Natural frequencies for the rotating
composite cylindrical shell with/without
a rectangular cutout
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