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Table 1 Comparison of natural frequencies for type I FG cylindrical shell in vacuum Hz
N =0.5(V, =0.707 1) N=1(V, =0.5) N = 5(V, =0.0313)
Loy 77k ARSI Loy J5 et ARSIk Loy Jruk) ARSIy
1 13.321 13.348 13.211 13.211 12. 998 12.913
2 4.517 4.522 4.480 4. 475 4. 407 4.373
3 4.191 4.190 4.157 4.145 4.089 4.048
4 7.097 7.103 7.038 7.027 6. 925 6. 860
5 11.336 11.353 11.241 11.230 11. 061 10. 962
6 16. 594 16. 624 16. 455 16. 444 16. 192 16. 053
7 22.826 22.872 22.635 22.624 22.273 22.086
8 30. 023 30. 087 29.771 29.761 29.296 29.052
9 38. 181 38. 266 37.862 37.851 37.257 36.951
10 47.301 47. 408 46.905 46. 894 46. 155 45.778
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Table 2 The critical buckling pressures for a submerged

cylindrical shell with different boundary conditions MPa

7k SS-SS c-C C-F C-SS

Zhu P 0.084 0.188 0. 061 0. 121

AXIHE - 0.084 0.188 0. 059 0.121
AR SCH | SS-SS Sy W v ] 32 i1 B 5 C-C kg A g [ A

B C-F g — v [ 2 — 35 © R 38 55 C-SS g — s [ o —
i ] 52 30 5+

®3 WHRBSHE

Table 3 Properties of materials

- PPERL R E/ o~ R pj
GPa (kgem™)
AW 207.79 0.317 8 8 166
®wEE 105. 70 0.298 1 4 429
AAHE 322.27 0.240 0 2 370
AALHE 168. 00 0.300 0 5700
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Figure 2 The prediction of the critical pressure of

FG cylindrical shell with different material components
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Figure 4 The prediction of the critical pressure of FG
cylindrical shell with different boundary conditions
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Table 4 Prediction of natural frequency of FG cylindrical shell Hz
AW A AR NEEW /B KA &/ BALEE N Ve N A
P/ (P,=0.104 9 MPa) (P,=0.0754 MPa) (P,=0.084 4 MPa) (P,=0.0547 MPa)
MPa  y= /135.39P,+14.204  f=./130.55P,+9.8409  f=,/141.26P +11.918  f=,/136.01P +7.433
~R(9) oI H 25(9) SURIIKEE 23(9) SURIUREE 23(9) SURIIRE
0.01 3.599 5 2.9215 3.241 2 2.464 3
0.02 3.406 3 2.688 9 3.015 4 2.170 9
0.03 3.201 4 2.434 0 2.771 3 1.831 0
0.04 2.964 6 2.964 5 2.149 1 2.149 2 2.503 5 2.503 5 1.411 6 1.411 6
0. 05 2.726 7 2.726 6 1.820 2 1.820 3 2.203 4 2.203 4 0.795 3 0.795 2
0. 06 2.466 0 2.465 9 1.416 9 1.417 0 1.855 4 1.855 4
0.07 2.174 2 2.174 1 0.8379 0.838 1 1.424 7 1.424 7
0.08 1.836 6 1.836 5 0.7855 0.785 6
x5 ZFOREEREEZEFHERN
Table 5 Prediction of natural frequency of isotropic cylindrical shell Hz
B (1,2) BEZ (1,3) B (1,4) A (2,3) A (2,4)
Mt f=,/-0.0029P +9721.1 f=,/-0.0109P +12324 f=,/-0.028 IP +42 674 f=,/-0.014 2P +47982 f=,/-0.031 P +61 010
W - ; S o 5
XA A3 1 4 A3 X1 £’ 1 4 A3 X1 A3
N gk onE™ ik ogre™ ok o™ ik ™Y Ok
5 98.614 110. 951 206. 570 219. 130 247. 065
20 97.822 108. 650 203. 182 217.310 243.763
50 97.313 106. 701 200. 653 216.292 241.583
100 95.322 95.900 100. 566 101.75 192. 968 193. 89 213.095 213.11 235.084  235.38
150 94.223 94.523 94.114 96.787 184. 686 187.22 210.014 210.07  228.097  229.35
300 89. 878 90. 267 74.133 80.072  160.956 165. 63 201. 346 200.70  208.763  210.23
500 84. 365 84.258 41.308 49.698 129.218 131.42 191. 052 187.47  184.709 181. 62
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Prediction Method for Critical Buckling Pressure and Natural Frequency of

Submerged Functionally Graded Cylindrical Shell

LI Rong, YANG Meng, LIU Linxia, LIANG Bin

(School of Civil Engineering, Henan University of Science and Technology, Luoyang 471023, China)

Abstract: In order to overcome the lack of prediction method for the vibration of submerged functionally
graded (FG) cylindrical shell, a prediction method for the critical buckling pressure and natural frequency of
submerged FG cylindrical shell was presented. The coupled vibration characteristic equation of system was
established based on the Fliigge theory and wave propagation method. The data of natural frequencies under
different hydrostatic pressures could be obtained by solving this equation. The results showed that the squared
fundamental natural frequency of submerged FG cylindrical shell was linearly related to hydrostatic pressure.
Based on this conclusion, the predicted values of critical buckling pressure could be obtained accurately by
using three data values of natural frequencies. In addition, the data of natural frequency for FG cylindrical
shell under any hydrostatic pressure could be easily got by using this linear fitting method. The calculation
results indicated that the predicted results were consistent with the reference results. The validity and
usefulness of the proposed method in engineering application were proved.

Key words: submerged functionally graded cylindrical shell; critical buckling pressure; natural frequency;

hydrostatic pressure; prediction method



