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Transient Response of Composite Cylindrical Shells with Ring Stiffeners
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Abstract

The theoretical method is developed to investigate the effects of ring stiffeners on free vibration
characteristics and transient response for the ring stiffened composite cylindrical shells subjected to the
impulse pressure loading. In the theoretical procedure, the Love's thin shell theory combined with the discrete
stiffener theory to consider the ring stiffening effect is adopted to formulate the theoretical model. The
concentric or eccentric ring stiffeners are laminated with composite and have the uniform rectangular cross
section. The modal analysis technique is used to develop the analytical solutions of the transient problem. The
analysis is based on an expansion of the loads, displacements in the double Fourier series that satisfy the
boundary conditions. The effect of stiffener’s eccentricity, number, size, and position on transient response of
the shells is examined. The theoretical results are verified by comparison with FEM results.
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Fig. 2 Ring stiffener arrangement
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Table 1 Convergence and comparison study with FEM of vibration results for the unstiffened/ stiffened
composite cylindrical shells (L/R=2.5, d,=3b,, N,=4)

Natural Frequency (Hz)

M=2 M=6 M=10 M=15 FEM
(a) Unstiffened shelt
428.13(1,5) 428.13(1.5) 428.13(1,5) 428.13(1,5) 419.48(1,5)
455.78(1.4) 455.78(1,4) 455.78(1,4) 455.78(1,4) 450.40(1,4)
510.38(1,6) 510.38(1,6) 510.38(1.,6) 510.38(1,6) 500.02(1,6)
653.32(1,7) 653.32(1,7) 653.32(1,7) 653.32(1,7) 640.33(1,7)
659.25(1,3) 659.25(1,3) 659.25(1,3) 659.25(1,3) 656.87(1,3)
(b) Internally Eccentric stiffened shell: evenly spaced
579.18(1,4) 579.18(1,4) 576.63(1,4) 574.62(1,4) 554.48(1,4)
673.14(1,3) 673.14(1,3) 672.25(1,3) 671.55(1,3) 661.61(1,3)
722.65(1,5) 722.65(1,5) 718.08(1,5) 714.69(1,5) 715.92(1,5)
991.38(1,6) 991.38(1,6) 980.71(1,6) 973.76(1,6) 934.37(1,6)
1139.4(2,5) 1139.4(2,5) 1136.1(2,5) 1134.3(2,5) 1098.5(2,5)
(c) Internally Eccentric stiffened shell: unevenly spaced with $=0.5
602.56(1,4) 601.59(1.4) 601.41(1,4) 596.76(1,4) 570.06(1,4)
675.84(1,3) 675.63(1,3) 675.57(1,3) 673.90(1,3) 585.15(1,3)
771.98(1.5) 767.26(1,5) 766.91(1,5) 759.70(1,5) 756.95(1,5)
1067.8(1,6) 1043.2(1,6) 1042.0(1,6) 1032.2(1,6) 970.56(1,6)
1129.4(2,5) 1124.5(2,5) 1123.3(2,5) 1121.8(2,5) 1088.6(2,5)
(d) Internally Eccentric stiffened shell: unevenly spaced with $=2.0
506.10(1,4) 503.53(1.4) 503.16(1,4) 501.96(1,4) 490.61(1,4)
557.70(1,5) 543.13(1.5) 542.27(1,5) 540.35(1,5) 521.73(1,5)
664.84(1,3) 664.43(1,3) 664.32(1.3) 661.13(1,6) 645.05(1,6)
729.67(1,6) 670.80(1.,6) 668.65(1,6) 663.94(1,3) 658.25(1,3)
968.38(1,7) 816.10(1,7) 811.46(1,7) 808.60(1,7) 788.98(1.7)
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Fig. 5 Convergence study for unstiffened and stiffened
shells subjected to step pulse loading
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