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Flapwise Bending Vibration Analysis of Rotating Cross-ply Composite Beams
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ABSTRACT

A modeling method for the modal analysis of a rotating cross-ply composite beam based on Timoshenko beam theory is
presented. To analyze the composite beam exactly, the effects of shear deformation and rotary inertia are included. Linear
differential equations of motion are derived using the assumed mode method. For the modeling, hybrid deformation variables
are employed and approximated to derive the equations of motion. The effects of the dimensionless angular velocity and the
slenderness ratio parameter on the variations of modal characteristics are investigated.
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Fig.1. Configuration of a rotating cantilever beam
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Tablel Comparision of dimensionless natural
frequencies (Present versus Ref.[6] and [7])

Mode Ref[6] Error(%) Ref]7] Error(%)  Present

1 324 0.70 327  0.12 3.26

2 1479  3.17 1536  0.52 15.28
3 3347 020 33.78 1.11 33.41
4 51.74 049 52.86 1.66 52.00
5 70.07  0.59 7047  0.02 70.48

Table 2 Comparision of dimensionless natural
frequencies (Present versus ANSYS)

4 Mode Ansys  Error(%) Present
1 3.255 0.263 3.264
0 2 15.078 1.312 15.278
3 32.854 1.656 33.407
1 10.702 0.620 10.769
10 2 29.001 0.980 29.288
3 53.027 1.290 53.720
1 50.181 0.906 50.640
50 2 121.651 1.071 122.968
3 187.441 0.507 188.396
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Table 3 Percentage error between Euler and
Timoshenko theories for isotropic material

a A A %

30 0.844 3.790 9.378
50 0.325 1.482 3.962
70 0.169 0.775 2.127

Table 4 Percentage error between FEuler and
Timoshenko theories for anisotropic material

a A A A

50 2.371 8.084 19.780
70 1.481 5.088 13.557
100 0.828 2.857 8.179
200 0.231 0.800 2.461
300 0.105 0.364 1.137
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