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Vibration and Stability of Composite Thin-Walled Spinning Shaft
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ABSTRACT

This paper deals with the vibration and stability of a circular cylindrical shaft, modeled as a tapered thin-walled composite beam
and spinning with constant angular speed about its longitudinal axis, and subjected to an axial compressive force. Hamilton’s
principle and the assumed mode method are employed to derive the governing equations of motion. The resulting eigenvalue
problem is analyzed, and the stability boundaries are presented for selected taper ratios and axial compressive force combinations.
Taking into account the directionality property of fiber reinforced composite materials, it is shown that for a shaft featuring flapwise-
chordwise-bending coupling, a dramatic enhancement of both the vibration and stability behavior can be reached. It is found that by
the structural tailoring and tapering, bending natural frequencies, stiffness and stability region can be significantly increased over
those of uniform shafts made of the same material. In addition, the particular case of a classical beam with internal damping effect is

also included.
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Fig. 1 Composite thin-walled beam of a circular cross
section featuring CUS configuration
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Fig. 2 Geometric configuration of the spinning shaft
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Fig. 4 CUS configuration
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Fig. 5 Variations of the whirl frequency ratios vs. the
spinning speed rate Q for several ply angles
and different taper ratios. (P = 0)
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Fig. 6 Variations of the whirl frequency ratios vs. the
spinning speed rate Q for several ply angles
and different taper ratios. (8 =0°, P =0.5)
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Fig. 7 Variations of the whirl frequency ratios vs. axial
compressive force for several spinning speeds

with selected taper ratios. (6 =90°)
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Fig. 8 Variations of the logarithmic decrementd vs.
axial compressive force for selected taper ratios.
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Fig. 9 Stability plot in the Q—P plane displaying the
domains of stability, divergence instability boundary, and
flutter for different taper ratios. (6 = 90°%)
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Fig. 10 Variations of the flutter boundaries vs. taper
ratios for several ply angles.
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Fig. 11 Variations of the whirl frequency ratios vs. the
spinning speed rate Q with internal damping ;
without transverse shear. (8 =90°,0 =1.0, P =0)

-1087-



7 T T T T T T

Divergence

Flutter |

RARRR-

Stable

# = 0, Divergence
----- =0, Flutter

0 L 1 L s
o 20 40 60 80 100

I

120 140

Axial compressive force P

Fig. 12 Stability plot in the Q~F plane displaying the
domains of stability, divergence instability
boundary, and flutter for undamped case ; without

transverse shear. (8 =90°, o =1.0)
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Fig. 13 Stability plot in the Q~P plane displaying the
domains of stability, divergence instability
boundary, and flutter for damped case ; without

transverse shear. (@ =90°, ¢ =1.0)
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