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On Development of Vibrational Analysis Algorithm
of Cylindrical Shell Structures with Stiffeners
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ABSTRACT

In this paper, we formulated algorithm for free vibration analysis of cylindrical shells with
stiffeners by applying the transfer influence coefficient method. This was developed as a vibration
analysis method suitable for using personal computer(PC). The simple computational results from PC
demonstrated the validity of the present algorithm, that is, the computational high accuracy and speed,
and the flexibility of programming. We compared with results of the transfer matrix method and the
reference. We also confirmed that the present algorithm could provide the solutions of high accuracy
for system with a lots of intermediate rigid supports and stiffeners. And all boundary conditions and
the intermediate stiff supports between shell and foundation could be treated only by adequately
varying the values of the spring constants.
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Fig. 2 Ring element and interaction forces with sign
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Table 1 Comparison of natural frequencies(Hz) for cylindrical shell with 14 elastic rings

7 Method hs=3.957x107° hs=6.762x107° hs=9.567x107°
TICM 636.10498 673.57164 696.16007
TMM * % ok % 5k sk sk 3k % ok s ok ok %k %k
2 SUPER 686.10498 673.57164 696.16007
Wah 686 674 697
Saito 686.1 673.6 696.1
TICM 504 .4609 733.53471 1056.6492
TMM * 3% 3 *k % %ok ok okok * %k %k ok k
3 SUPER 504.4609 733.53471 1056.6492
Wah 505 735 1059
Saito 504.5 733.5 1056.7
TICM 725.66125 1268.1446 1929.3080
TMM s 3k sk sk %k 3 3k sk 3k %k 3 % sk sk ok
4 SUPER 725.66125 1268.1446 1929.3080
Wah 727 1270 1934
Saito 725.6 1268.1 1929.3
TICM 1121.8515 2010.6891 3048.1257
TMM % %k %k %k %k % % % %k ok s 3k %k %k %
5 SUPER 1121.8515 2010.6891 3048.1257
Wah 1123 2015 3059
Saito 1121.8 2010.7 3048.1
=00, kg=ky=02 X T2 NgAF}, w3 o] ghe TSyl 23e Hrel & ghal 1070
TR AARAE FER(G=0 B je=w T FAAe] RAHL BT
2] AXE AL E hy—hyy= b=k =02 U] Table 32 =4 2¢ disfii] p=1¢ =, TICME]
Foga A 5 gloh. AAY Al 3ol o T 2fRET AAAE TMM 2 SUPER$}

Table 2 Comparison nondimensional natural frequencies(d) of cylindrical shell for Model 1

N Symply-supported Clamped-free
” TICM TMM SUPER TICM TMM SUPER
1 0.3666721 0.3666721 0.3666721 0.1626543 0.1626543 0.1626543
2 0.5841389 (0.5841389 0.5841389 0.4724147 0.4724147 0.4724147
3 0.7046518 0.7046518 (.7046518 0.7283970 0.7283970 0.7283970
4 0.8436016 0.8436016 0.8436016 0.8171895 (.8171895 (0.8171895
5 0.9035253 0.9035253 0.9035253 0.8796000 0.8796000 0.8796000
6 0.9362499 0.9362499 0.9362499 0.9232913 0.9232913 0.9232913
7 (.9699474 0.9699474 0.9699474 0.9531657 00.9531657 0.9531657
8 1.0106628 1.0106628 1.0106628 (.9894064 (0.9894064 0.9894064
9 1.0173402 1.0173402 1.0173402 1.0349501 1.0349501 1.0349501
10 1.0694219 1.0694218 1.0694219 1.1020800 1.1020797 1.1020800
11 1.1371795 1.1371803 1.1371795 1.1808378 1.1808383 1.1808378
12 1.2275237 1.2275500 1.2275237 1.2795463 1.2793625 1.2795463
13 1.3388144 1.3385749 1.3388144 1.2845117 * % % % %k 1.2845117
14 1.4607323 * %k ok %k % 1.4607323 1.3987948 * %k %k %k %k 1.3987948
488 /St~ SRNEBES|X| A 6H A 43, 199640
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Table 3 Comparison nondimensional natural frequencies(2) of cylindrical shell for Model 2

N kx=ko=F,=10" Fo=ky=hk, =4 X 10°
¢ TICM TMM SUPER TICM TMM SUPER
1 0.1271860 0.1271861 0.1271860 0.6830411 0.6830469 0.6830411
2 0.1722324 0.1722327 0.1722324 0.6850409 0.6850413 0.6850409
3 0.4221320 0.4221319 0.4221320 0.9018824 0.9018831 0.9018824
4 0.6081004 0.6081004 0.6081004 0.9083416 0.9083413 0.9083416
5 0.7618461 0.7618461 0.7618461 0.9679776 0.9679775 0.9679776
6 0.8456507 0.8456507 0.8456507 0.9815643 0.9815645 0.9815643
7 0.9267796 0.9267796 0.9267796 1.0592931 1.0589981 1.0592931
8 0.9729225 0.9729225 0.9729225 1.0883247 1.0869272 1.0883247
9 1.0413398 1.0413398 1.0413398 1.2090343 ook ok ok ok 1.2090343
10 1.0650230 1.0650230 1.0650230 1.2595285 Fok ok Kok 1.2595285
11 1.1379747 1.1379747 1.1379747

12 1.1880050 1.1880031 1.1880050

13 1.2981230 1.2980660 1.2981230

14 1.3062604 Kok sk ok ok 1.3062604
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Fig. 4 Nondimensional natural frequencies versus
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Nondimensional natural frequency, A

Length ratio of shell, 7

Fig. 5 Nondimensional natural frequencies versus
number of stiffeners(s=2)
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Fig. 6 Characteristic modes of cylindrical shell with
stiffeners and elastic supports(y=2)
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Table 4 Comparison of CPU time[sec]

Cases TICM TMM Roots
Case 1 1067 1117 10
Case 2 1184 1240 11
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