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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 vibration characteristics for the ring stiffened
composite cylindrical shells are investigated by theoretical and experimental method. In
the theoretical procedure, the Love's thin shell theory combined with the discrete stiffener
theory to consider the ring stiffening effect are adopted to derive the frequency equation.
In experiment, the impact exciting method is used to obtain the vibration results. Five

different

boundary conditions:

clamped-clamped, simply supported-simply supported,

free-free, clamped-free, clamped-simply supported are considered in this study.
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Table 3 Comparison of predicted and experimental results of ring stiffened composite

cylindrical $hell with C

C-C boundary condition

Predicted frequency (Hz)

Mode Exp. Discrepancy
14 hY n
(m, n) m=6 m=10 m=12 m=14 m=15 rrea(Hz)
(1,2) 1116.6 1092.7 10884 1086.7 1085.4 1025.0 5.9%
(1.3) 13555 12747 1264.0 1263.5 1213.1 1275.0 -4.9%
(1,1) 1670.6 1645.1 1638.7 1634.2 1630.8 1625.0 0.4%
(2,3) 1899.0 1836.8 18242 1822.3 1822.3 1862.5 -2.2%
(1,4) 2213.2 1986.7 1959.7 1959.6 1959.4 1975.0 -0.8%

Table 4 Comparison of predicted and experimental results of ring stiffened composite
cylindrical shell with various boundary conditions

i)?dr;?iiz Indices Natural frequencies (Hz)

Mode( m, ») (1,3) (1,2) (1.4) (2,3 (2,4)

P frey (Hz) 13188 1667.7 1700.1 2188.7 2264.8
feww (Hz) 1400.0 1675.0 1850.0 2162.0 2387.0

Discrepancy -5.8% -0.4% -8.1% 1.2% -5.1%

Mode( m, ») (1,2) (1,3) (1,1D (2,3) (2,2)

frey (Hz) 8555 11484 1458.3 1750.4 19213

57 fexp (Hz) 9125 1187.5 1362.5 1837.5 1962.5
Discrepancy -6.2% -3.3% 7.0% -4.7% -21%

Mode( m, n) (1,2 (1.1) (1,3) (22 (2,3

C-F frey (Hz) 503.6 684.1 936.9 1245.9 12711
few (Hz) 465.0 715.0 915.0 1270.0 1340.0

Discrepancy 8.3% -4.3% 2.4% -2.0% -5.1%

Mode( m, n) (1,2) (1,3) (1.1) (2,3) (1,4)

c-s frey (Hz) 999.6 1209.6 1575.7 1727.6 1936.1
fexp (Hz) 962.5 1225.0 1475.0 1812.5 1962.5

Discrepancy 3.9% -1.3% 6.8% -4.7% -1.3%
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Table 5 Comparison of fundamental frequencies of stiffened shell with different L/R ratio
for various boundary conditions( R =80mm, &/ R =0.0125)

Fundamental Frequency (Hz)

L/R — \
C-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) 589.9(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) 275(1) 46.1(1)

( ) : Circumferential wave number

Table 6 Comparison of fundamental frequencies of stiffened shell with number of stiffeners

for various boundary conditions( R =80 mm, L/R=5, k/R=0.0125)

Fundamental frequency (Hz)

No. of
: I )
stiffener c-C F-F s-S C-F c-s
0 504.8(4) 556.6(4) 346.4(3) 218.2(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)
4 770.4(2) 861.3(3) 589.9(2) 379.0(2) 697 8(2)
8 814.3(2) 1081.7(2) 661.6(2) 4285(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) 6635(2) 378.9(1) 736.7(2)
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