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VIBRATION OF THICK CYLINDRICAL SHELL PANELS BY USING THE SPLINE PRISM METHOD
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This paper presents application of the spline prism method which is a semi-analytical

model based on the three-dimensional elasticity theory to analyse vibration of thick,

cylindrical panels.

To demonstrate the convergence and accuracy of the present method,

are solved ,
methods.
spline prism models.

several examples

and the results are compared with those obtained by other numerical
Stable convergence and good accuracy are obtained wusing the higher-order
The effects of thickness ratio, shallowness angle, radius ratio

on the frequencies of cylindrical panels with several boundary conditions are analysed.
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Table1.  Convergencre study of frequency parameter,n =@ ¢V 0 /E of simply

supported cylindrical shell panels; ¢ =45 “, L/Re=1.0 and v =0.3

t/Re Mode
k-1 Mr=My DOF* Ist 2nd 3rd 4th 5th
(A=R/R:)
2 4 108 0.079001 0.17530 0.19589 0.24817 0.27850
% 300 0.078837 0.16545 0.19582 0.24817 0.26763
10 432 0.078832 0.16524 0.19582 0.24817 0.26751
12 588  0.078830 0.16517 0.19582 0.24816 0.26747
0.1
(1.1053) 3 4 147 0.078831 0.16574 0.19582 0.24817 0.26782
8 363 0.078828 0.16512 0.19582 0.24816 0.26743
10 507  0.078827 0.16512 0.19582 0.24815 0.26743
12 675 0.078827 0.16512 0.19582 0.24814 0.26743
2 4 108 0.78343 0.9921% 1.2880 1.4071  1.6597
g 300 0.78294 0.99212 1.2876 1.3907 1.6582
10 432 0.78292  0.99212  1.2876 1.3903  1.6381
12 588 0.78201 0.99211 1.2876 1.3902 1.6581
0.4
(1. 5000) 3 4 147 0.78292  0.99212 1.2876 1.3913  1.6581
8 363 0.782901 0.99212 1.2876 1.3900 1.6581
10 507 0.78291 0.99212 1.2876 1.3900 1.6581
12 675 0.78291 0.99212 1.2876 1.3900 1.6581

DOF“=the numbers of unknown parameters in the present method.

Table 2 Comparison of the natural frequencies,n¥=wly o (1+v}/E of
simply supported circular cylindrical panel; »=0,3
Mode

¢ L/Re t/Re Ro/Ri t/L Ist 2nd 3rd 4th
30 0.517638 0.1 1.105263 0.193185 1.20328 8.14682  5.25541 5.76108
x1. 20825  3.14682  5.25530  5.76102
0.3 1.352941 0.579556 2.21292 3.14991  4.62052 5.00861
%2.21292 314991  4.62052  5.00858
60 1.0 0.1 1.105263 0.1 0.80964  3.15381  5.23679  5.78461
*0. 80963  3.15331  5.28675  5.TR457
0.3 1.352941 0.3 1.52806 3.16159 5.11234  5.56169
*[.52805 3.16159  5.11234  5.56168
90 1.414214 0.1 1.105263 0.070711 0.89466 3.15284  5.15984  5.78911
%(. 89464 3.15292  5.15983  5.78007
0.3 1.352941 0.212132 1.21998 3.15903  5.09827 5.57240
%1.21997  3.15903  5.09826 5.57237

% the results are calculated by Soldatos and Hadjigeorgiou[13] using the
analytical method.

Table 3. Comparison ol" the natural frequencies, @ (rad/s) of simply supported
eylindrical thin panel{ L=1.0, Re=1.91, t=0.019, E=10 and o =1.0)
s @ =30° , YRe=0.009947644, L/Rc=0.523560209, A =1.00763 and
v =03

Theory and Ist 2nd 3rd 4th 5th
method

3b-elasticity theory

Present method 0.28171  0.29871 0.50334 0.51915 0.56362
The first-order shear deformation theory (Sanders’ shell theory)

Spline strip method[107 0.2818  0.2987  0.5035  0.5192  0.5635
Thin shell theory

Spline strip method(2] 0. 2821 0. 3009 0. 5050 0.5233 0.5701

Finite strip method[7] 0.285 0. 305 0.512 0.530 0.573

Rayleigh-Ritz method(83 0.280%8  0.2999 0. 5047 0.5227 0.5710
Table 4. The effect of t/Rc on the first f ive frequency parameters,n * =
@ty 0 /E of simply supported cylindrical panels ; ¢ =45"
L/Re=1.0 and ¥ =03
t/Re Mode
(A =Ro/Ri)  Theory Ist 2nd 3rd 4th 5th

0.05  3D-elasticity 0.025805 0.053135 0.053635 0.075980 0.086038

(1.0513) Sanders(10]  0.025814  0.053193 0.053230 0.075857 0.086062
Donnell[10]  0.026380 0.053592 0.054035 0.076647 0.086338
0.1  3D-elasticity 0.078827 0.16512 0.19582 0.24815 0.26743
(1.1053) Sanders 0.078696 - 0.16493  0.19462 0.19469 (. 26561
Donnell 0.081525 0.16687  0.19475 0.19774 0.26882
3D-elasticity 0.26125  0.49675  0.51400 0.62920 0.64313
0.2  Sanders 0.25852  0.38854 (.51142 0.61838 0.64502
(1.2222) Dommell 0.27052  0.33000  0.51990  0.62993  0.64242
3D-elasticity 0.78201  0.99212 1.2876  1.3900  1.6381
0.4  Sanders 0.75754  0.77049 1.3031  1.3533  1.5400
(1.5000) Donnell 0.77340  0.80390 1.2861  1.3886  1.5422
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Table 5. The effect of shallowness angle, ¢ on the frequency parameters,n ~ =
@ty £ [E of simply supported cylindrical panels: L/Rc=1.0, t/Re=0.2,
A =1.2222 and v =0.3
¢ t/L t/B Mode
Ist 2nd 3rd 4th 5th
15" 0.2 0.764 3D-elasticity 1.0905 1.229 1.442  1.485 1.537
Sanders[10] 0.3885 0.7770 1.068 1.165 1,202
Donnellf103  0.339% 0.7778 1.078 1.166 1.214
30 0.2 0.382 3D-elasticity 0.4247 0.6443 0.7447 0.8472 0.9454
Sanders 0.3885 0.4184 0.6344 0.7770 0.8492
Donnell 0.3890 0.4307 0.6461 0.7778 0.8465
45 0.2 0.255 3D-elasticity 0.2613  ©.4969 0.5140 0.6292 0.6431
Sanders 0.2585 0.3885 0.5114 0.6184 0.6450
Donnell 0.2705  0.3890 0.5199 0.6299 0.6424
60" 0.2 0.190 3D-elasticity 0.2101 0.3726 0.4247 0.4741 (.5537
Sanders 0.2089 0.3885 0.4184 0.4713 0.5553
Domnell 0.2189  0.3890  0.4307 (.4772 0.5531
9 0.2 0.127 3D-elasticity 0.1931 -0.2485 0.2613 0.4247 0.4470
Sanders 0.1932  0.2585 '0.3885 0.4184 0.4461
Donnell 0.1992  0.2705 0.3890 0.4307 0.4492
Table 6. The first six frequency parameters,n*= @ t v 0 /E of cylindrical
thick panels with some boundary conditions along the circum-
ferential edges; L/Rc=1.0 and ¥ =0.3
a)  SS-CC
t/Re Mode
(A=Ro/Ri) ¢ ** t/L /B st 20d 3rd 4th 5th
30 0.191 0.1398 0.2349 0.3610 0.3795 0.4471
0.1 60 0.1 0.0955 0.09254 0.1398 0.1935 0.2349 0.2436
(1. 1053) 90 0.0637 0.09557 0.09976 0.1398 0.1901 0.2016
30 0. 382 0.4533  0.6917 0.9049 0.9941 1.096
0.2 60 0.2 0.191 0.2741  0.4533  0.5549  0.6857  0.6917
(1. 2222) 920 0.127 0.2609 0.3134 0.4533 0.5382 0.5788
30 0. 764 1. 240 1. 687 1.844 2,202 2.360
0.4 60 0.4 0.382 0.7346  1.240 1.327 1.412 1.418
(1. 5000 90 0. 255 0.6675 0.8645 1.148 1.240 1.297
L) SS-CF
Hode
(A=Ro/Ri) ¢ > t/L t/B Ist 2nd 3rd 4th 5th
30 0.191 0.1042 0.1586  0.2557 0.3485 0.3569
0.1 60 0.1 0.0955 0.03831 0.1042 G.1070 0.1586 0.2036
(1.1053) 90 0.0637  0.04078 0.05208 0.1042 (.1087 0.1154
30 0. 382 0.3601 0.5033 0.6986 0.7630 0.9932
0.2 60 0.2 0.191 0.1224  0.3100  0.3601 0.4225 0.5034
(12222 %0 0.127 0.09827 0.1842 0.2914 0.3555 0.3589
30 0. 764 1.043 1. 266 1. 494 1.83¢  2.013
0.4 60 0.4 0.382 0.3887 0.7612 0.9377 1.043 1.235
(1.5000) 90 0. 255 0.2650 0.5833 0.6875 0.7975 0.8958
¢y  S5-FF
Mode
(A=Ro/Ri) ¢ t/L t/B 1st 2nd 3rd 4th 5th
30 0.191 0.09717 0.1152  0.1780 0.2741 0.3231

0.1
(1. 1053)

0.2
(1.2222)

0.4
(1. 5000)

60
90

30
60
90

30
60
90

0.1 0.09%5  0.02218

0.382  0.3404
0.2 0.191  0.08509

0.127  0.03090

0.764  1.007
0.4 0.382  0.3021

0.255  0.1169

0.03448 0.09717 0.1152
0.0637 0.007896 0.01385 0.04212 0.05789 0.0971

0.3910
0.1242
0. 05028
1.072

0.3709
0. 1551

0.5581
0.3150
0.1573

1.348
0.6883
0. 4997

0. 6530
0. 3404
0. 2059

1.372
0.9791
0. 5224

0.1227

0.7770
0. 3626
0.2264

1.672
1.007
0.6011




LEd. MEFEICIARTERFERLEY )-L 44
BRFERIE -2 RAEETHEE U,

APPENDIX

K (16) THAZoNAYTHEME< Y v 7 XE KA
TEZo0 %,

111
[Kuu] =(L@Do/t){ I m:

oLo

+ D1 1w

000
Jnj AL

000 1060

Joi At Dilai Jai AL

000

0o-1

+Imi

000 001 110

Jnj ‘Al + Dz(t/L)2ImiJni
0o0-1

+ D2(1/¢>2 I mi

Ay
000
Ja; A

Lol
[Koyv] =(L@Do/t){ Di(t/L) I
000

t Di(E/L) 1wy

ol1

+ D2(t/L) T ms

[
Jai A
g10
Tai Ay
100
Joi Ax
io0o0
[Kuw] =(L@pDo/t){D1(1/$) I n:
00-1

000
Jai As
000
Jui As

[

+ D2<1/¢>Im|

[ Qo—1

Jo; A + D21/ ) I m:
[Kvu] =(LéDe/tH{D1(t/L) I mi

000

t D1Ct/L) T i

(X
Jnj A4
1o0

Ja; An

100 101

Jai At D2(t/L) I s

010
JnjA[
0ol 1ilo . :
(L@ Do/t{E/L) T mi Tay A
111 o000 00-1
$Delmi Jos At D21/ )21 mu
=(LpDo/t){Ds(B/h)(1/ ) T i
000 o010
+ D201/ )t/ L) T wmi Jus As
010
:<L¢Do/t>{ D1(1/¢)Im| Jni AG

00-1 000 loo0 000

P (/) TImi Tai Ast D2(1/p)TniJa; As

[Kvv]
000
JuiA2

100

[Kyw] Ja; As

000

[Kwu]

FD2(1/6) Tt Jar As
(L De/{ DiCt/LIL/ ) T mi

000

t Da(t/L)(1/ @) 1 mi
[Kww]

010

[Kwv] Jai As

100

Jai As
001

=(LgDo/t) {(1/¢)° I n

t D2 (1

1oo

L

000
Jnj A7
000

Jay As

000 ol1o0

Jai Ag t T

000
Jai As

00-1 000 LV 110

P lmi Jos At B/ 1 wi Jas As ) |

Table 7.

The effect of Poisson ratio, ¥ on frequency parameter,n*= @ty 0 /E

of cylindrical panels; ¢ =45° , I/Rc=1.0, YRe=0.2 and A =1.2222

Boundary Mode
conditions v Ist 2nd 3rd 4th 5th fth
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