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Flexural-torsional Vibration Analysis of Thin—-walled C-Section Composite Beams
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ABSTRACT : Free vibration of a thin-walled laminated composite beam is studied. A general analytical model applicable to
the dynamic behavior of a thin-walled channel section composite is developed. This model is based on the classical
lamination theory, and accounts for the coupling of flexural and torsional modes for arbitrary laminate stacking sequence
configuration, i.e. unsymmetric as well as symmetric, and various boundary conditions. A displacement-based one-dimensional
finite element model is developed to predict natural frequencies and corresponding vibration modes for a thin-walled
composite beam. Equations of motion are derived from the Hamilton’s principle. Numerical results are obtained for
thin-walled composite addressing the effects of fiber angle, modulus ratio. and boundary conditions on the vibration
frequencies and mode shapes of the composites. :
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E 1. 4 oiF BYX|e] HEY wslol M RAY 1R MET

e84 (FEM) A3 A8 (closed-form)

by w; wy w; wy Wy, W g, Wep, W g,
0 9.1980 10.1013 32.0759 32.4928 10.1011 9.1979 32.0754 32.4852
15 9.6385 9.9968 29.2209 33.9439 9.6384 11.3330 30.4457 34.5009
30 8.2790 11.6153 24 6778 33.1240 8.2789 14,3522 26.2672 38.0324
45 6.14%4 12.9227 19.8184 24.6035 6.1493 15.1082 21.3934 39.1012
60 3.7623 13.1732 15.0528 15.9201 3.7622 13.8879 16.8492 34.4212
75 2.3019 9.2099 10.5860 13.3914 2.3019 10.7203 13,3997 23.0225
90 2.0970 6.4561 8.3900 13.2443 2.0970 6.4560 13.2441 14.9332
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0 9.1980 10.1013 32.0759 32.4928 10.1011 9.1979 32.0754 32.4852
15 9.5818 9.8935 30.6628 33.0856 9.8758 10.3347 31.2638 33.5052
30 9.0498 10.5261 28.3476 35.3563 9.2871 12.2010 29.1952 35.3055
45 7.8753 11.0850 25.9749 28.1710 8.5890 12.9389 26.7173 35.6546
60 6.6263 11.0094 21.05635 24.3378 8.0985 11.9987 24.6684 33.4528
75 5.5654 10.0150 14.5489 22.9962 7.9268 9.7543 23.5649 29.7831
90 4.7627 9.1209 11.7884 22.1164 7.9097 8.3034 23.2819 27.8505
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