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Rayleigh—Ritz method for free vibration characteristics of cylindrical shell with
T-sectione rings and bulkheads

ZHANG Shuai', JI Renchao, ZHU Jie, LI Pei, ZHOU Fuchang
Wuhan Second Ship Design and Research Institute, Wuhan 430205 , China

Abstract: [ Objectives ] This paper seeks to study the free vibration characteristics of a cylindrical shell with
T-shape ring stiffeners and bulkheads under different boundary conditions based on the Rayleigh—Ritz
method. [ Methods ] The classical Kirchhoff-Love shell theory and thin plate theory are used to establish a
mathematical and physical model of the cylindrical shell and bulkheads. Using the Euler—Bernoulli beam the-
ory, the T-shape ring stiffeners is regarded as a discrete element and the mathematical model is established by
coordinate transformation through the relationship between its cross-section centroid and the displacement
angle of the mid-surface of the shell. Modified Fourier series are selected as displacement penalty functions to
integrate the displacement expression of the cylinder, plate, and T-shape ring stiffeners. The penalty functions
are introduced to change the spring stiffness to simulate the continuous conditions between the bulkhead shells
and the boundary conditions at both ends. The governing equations for the vibration of the coupled structure
are obtained by means of energy functions. [ Results ] The convergence, accuracy, and reliability of the pro-
posed method are verified through a comparison with the numerical method results. [ Conclusion ] This pa-
per shows that the number and position of the T-shape ring stiffeners and bulkheads are closely related to the
natural vibration characteristics of the coupled structure, providing certain references for engineering design
and applications.

Key words: cylindrical shell; vibration characteristics; T-shape ring stiffeners; bulkheads; Rayleigh-Ritz
method; improved Fourier series
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Table 2 The first eight order dimensionless natural frequencies of free vibration for cylindrical shell without rings and bulk-

heads under F-F boundary condition
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Table 3 The first eight order dimensionless natural frequencies of free vibration for model a under three boundary conditions

juls s 302
BEASH ¥ S-S SD-SD c-C
KT FEM AR T5 % FEM AT FEM
1 0.10317 0.10324 0.07426 0.07429 0.10399 0.10398
2 0.11427 0.11432 0.08100 0.08105 0.11541 0.11533
3 0.11694 0.11705 0.10079 0.10081 0.11745 0.11752
4 0.146 85 0.14705 0.10634 0.10644 0.14718 0.14735
5 0.15709 0.15713 0.14171 0.14191 0.15840 0.15828
6 0.17366 0.17384 0.15131 0.15143 0.17603 0.17592
7 0.18273 0.18295 0.16057 0.16067 0.18455 0.18458
8 0.18691 0.18725 0.16827 0.16846 0.18715 0.18748

R4 3MZADFEEHETEE b BHIRNET 8 MEBREFIHRE

Table 4 The first eight order dimensionless natural frequencies of free vibration for model b under three boundary conditions

Ui 0
RSB S-S SD-SD c-C
ATy FEM AT FEM ATk FEM
1 0.12251 0.12188 0.09002 0.08910 0.12352 0.12278
2 0.13041 0.12880 0.10266 0.10238 0.13105 0.12938
3 0.15509 0.15494 0.11549 0.11360 0.15633 0.15603
4 0.166 66 0.16363 0.16027 0.15708 0.16703 0.16397
5 0.20257 0.20160 0.17762 0.17700 0.20511 0.20379
6 0.20840 0.20603 0.17826 0.17752 0.21034 0.20775
7 0.21992 0.21483 0.19271 0.18999 0.22016 0.21505
8 0.23614 0.23588 0.20706 0.206 66 0.23861 0.23824
RS IMEZADREEHETEE c HHRIRIET 8 MEERNETIHE
Table 5 The first eight order dimensionless natural frequencies of free vibration for model ¢ under three boundary conditions
KA
lEEN e S-S SD-SD c-C
AT FEM AT FEM AICTTE FEM
1 0.12068 0.12011 0.08661 0.08576 0.12173 0.12105
2 0.12465 0.12319 0.10225 0.10199 0.12533 0.12381
3 0.15561 0.15380 0.10843 0.10671 0.15686 0.15417
4 0.15655 0.15547 0.14945 0.14654 0.15695 0.156 56
5 0.19981 0.19879 0.17426 0.17319 0.20247 0.200 64
6 0.20087 0.19897 0.17865 0.17857 0.20296 0.20082
7 0.20529 0.20057 0.18376 0.18138 0.20556 0.20126
8 0.23162 0.22746 0.20195 0.19714 0.23314 0.22885
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Table 6 The first eight order dimensionless natural frequencies of free vibration for model d under three boundary conditions

pub s Jis
RN S-S SD-SD Cc-C
AT FEM VN RS FEM ARILFE FEM
1 0.11938 0.11898 0.08448 0.083 83 0.12043 0.11992
2 0.12056 0.11945 0.10197 0.10178 0.12123 0.12008
3 0.14888 0.146 80 0.10372 0.10239 0.14929 0.14718
4 0.15585 0.15577 0.14112 0.13896 0.15710 0.15687
5 0.19270 0.18929 0.17296 0.17213 0.19309 0.18963
6 0.19757 0.19595 0.17921 0.17892 0.19958 0.19775
7 0.19856 0.19795 0.18088 0.17915 0.20118 0.20026
8 0.22533 0.22210 0.18778 0.18454 0.22680 0.22343
0.8
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Fig. 6 Comparison of non-dimensional natural frequency for four
models under S-S boundary condition
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Fig. 7 Variation of the first-order dimensionless natural frequency
with circumferential wave number for four models under S-C
boundary condition
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Fig. 8 Variation of the second-order dimensionless natural fre-
quency with circumferential wave number for four models

under S-C boundary condition
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Table 7 Comparison of the first eight order dimensionless natural frequencies of free vibration for model e , f and g under S-C

boundary condition

Juls s L8
A £ Hille FERIF i Rithy
VNS FEM AT FEM AT FEM
1 0.047 83 0.047 74 0.04783 0.04774 0.04790 0.04775
2 0.099 44 0.099 08 0.09945 0.09907 0.09955 0.09910
3 0.166 41 0.16598 0.09949 0.09912 0.13024 0.13028
4 0.177 03 0.177 18 0.16642 0.16598 0.13360 0.13369
5 0.18593 0.186 12 0.16647 0.16603 0.15363 0.15363
6 0.193 30 0.193 44 0.17713 0.17726 0.15700 0.15718
7 0.198 91 0.199 11 0.18672 0.18690 0.166 54 0.16601
8 0.201 57 0.201 83 0.19124 0.19135 0.193 66 0.19398
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Fig. 9 Histogram of the first eight order dimensionless natural fre-
quencies and modal numbers of four models under S-C
boundary condition
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