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Vibration Characteristics of Ring-Stiffened Composite

Cylindrical Shells with Various Edge Boundary Conditions
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ABSTRACT

The effects of boundary conditions on natural frequencies for the ring stiffened

composite cylindrical shells are investigated by theoretical method.

The lLove's

thin shell theory and the discrete stiffener theory with beam functions in the Ritz

procedure are used to derive the frequency equation.

Five different boundary

conditions such as clamped-clamped, simply supported-simply supported, free—free,

clamped-free, clamped-simply supported are considered in this study.

Also, the

experimental investigation is presented to validate the theoretical results.
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Fig. 1 The ring stiffened cylindrical shell
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Table 2 Woven fabrics composite material

properties
E«(GPa) ExGPa) GuAGPa) v p(kg/m’)
240 24.0 42 0.15 1750
60 65 65 65 60

Fig. 2 Shell geometry used in Table 3~7
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Table 3 Comparison of predicted and experimental results for ring stiffened plain
weave GFRP composite cylindrical shell with C-C boundary condition

Predicted Frequency (Hz) .
me Vo0 MOz Mold Vel Freadi) Disn9)
(12) 11166 10927 10884 10867 10854 10250 59%
(13) 1355 12747 12640 12635 121301 12750  -4.9%
(L) 16706 16451 16387 16342 16308 16250 0.4%
(23) 18990 18368 18242 18223 18223 18625  -2.0%
(14) 22132 19867 19597 19506 19504 19750  -08%

Table 4 Comparison of predicted and experimental results for ring stiffened plain
weave GFRP composite cylindrical shell with C-F boundary condition

Predicted Frequency (Hz) .
Izﬁ[no?s M=6  M=10 M=12 M-=14 M-15 FreEq)-(?Hz) Disp.(%6)
12) 5236 5075 50659 5043 5036 4650 8.3%
(L) 6906 6859 6850 6844 6841 715.0 -43%
(13) 9855 %15 9467 9400 9369 9150 -2.4%
22) 12742 12543 12498 12473 12459 12700 ~-2.0%
2,3 13526 12856 12731 12719 12711 13400  -5.1%

Table 5 Comparison of predicted and experimental results for ring stiffened plain
weave GFRP composite cylindrical shell with C-S boundary condition

Predicted Frequency (Hz) )
(s % M0 Moz Mo VD Freadi) D00
(12) 10204 10039 10005 99797 9996 9625 39%
(13 13006 12257 12009 12097 12096 12250  -13%
(L) 15923 15811 15783 15764 15757 14750 6.8%
(23 18048 17469 17292 17279 17276 18125  -47%
(14) 21901 19759 19365 19362 1931 19625  -13%

Table 6 Comparison of predicted predictions and experimental results for ring stiffened
plain weave GFRP composite cylindrical shell with S-S boundary condition

Predicted Frequency (Hz) .
() M=6  M-=10 M=equ M=14 M=15 Frealily)  Disp0)
(12) 8720 803 855 855 855 9125 6.2%
(1,3) 12408 11739 11487 11485 11484 11875  -33%
(L) 14500 14585 14583 14583 14583 13625 7.0%
(23) 18218 17715 17508 17504 17504 18375  -47%
(22) 19337 19252 19214 19213 19213 19625  -21%
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Table 7 Comparison of predicted and experimental results for ring stiffened plain
weave GFRP composite cylindrical shell with F-F boundary condition

v e L
(1,3 1359.3 13316 13242 1321.0 1318.8 1400.0 3.6%
(1,2) 16757 16702 1668.8 1668.0 1667.7 1675.0 -0.4%
(1,4 1811.7 17242 17081 17039 1700.1 1850.0 -81%
(2,3) 22252 21981 2190.2 2188.9 2188.7 2162.0 -1.2%
(2,4) 23778 22801 2266.2 2265.0 22648 2387.0 -5.1%

Table 8 Comparison of fundamental frequencies of stiffened shell with different L/R ratio
for various boundary conditions(R=80mm, h/R=0.0125)

Fundamental Frequency (Hz)

L/R N

Cc-C F-F S-S C-F C-S
1 2573.0(3) 4250.6(5) 2476.3(3) 1517.8(2) 2490.4(3)
2 1571.7(3) 2145.7(4) 1570.1(2) 832.4(2) 1509.3(3)
5 770.4(2) 861.3(3) 638.5(2) 379.0(2) 697.8(2)
10 418.4(2) 405.3(2) 384.7(1) 164.0(1) 382.1(2)
20 221.1(1) 200.1(2) 125.9(1) 60.2(1) 174.1(1)
50 55.4(1) 51.4(1) 40.4(1) 27.5(1) 46.1(1)

Table 9 Comparison of fundamental frequencies of stiffened shell with number of stiffeners
for various boundary conditions(R=80mm, L/R=5, i/R=0.0125)

No. of Fundamental Frequency (Hz)
Stiffener d c-C F-F S-S C-F c-S D

0 504.8(4) 566.6(4) 346.4(3) 2182(2) 436.2(3)
1 708.9(3) 767.7(3) 553.3(2) 256.9(2) 650.8(3)
2 765.6(2) 775.8(3) 567.8(2) 303.7(2) 686.8(2)
4 7704(2) ©  861.3(3) 589.9(2) 379.0(2) 697.8(2)
8 814.3(2) 1081.7(2) 661.6(2) 428.5(1) 751.9(2)
12 803.8(2) 1058.0(2) 666.3(2) 401.3(1) 746.8(2)
16 789.0(2) 1025.3(2) 663.5(2) 378.9(1) 736.7(2)
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