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Fig. 1. (a)-Schematic of rotating composite beam, (b)-Interface coordinate system,(c)-Current coordinate system
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Fig. 2. Variations of the current first nonlinear natural frequency in terms of the tip point amplitude of the rotating beam (solid-
lines) vs the associated results from Ref. [9] (dashed-lines) and Ref. [12] (dotted-lines)
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Nonlinear flapping-torsional free vibration analysis of rotating beams considering the
Coriolis force

Hadi Arvin

Faculty of Engineering, Shahrekord University, Shahrekord, Iran

Abstract

The nonlinear free flapping-torsional vibration of rotating beams is investigated in this paper. The presented equations are based on
the exact geometrical formulation in conjunction with the Cosserat theory for rods. The equations of motion are reduced to the
flapping and torsional equations of motion for symmetric rectangular beams by neglecting the shear deformation. The governing
equations are coupled to each other with the non-homogenous boundary conditions. By employing the direct method of multiple
scales the effective nonlinearity coefficients of nonlinear natural frequencies are extracted. After validation of the current results, the
effects of the rotating speed on the type and the value of the effective nonlinearity coefficient of natural frequencies are examined.
The sign of the effective nonlinearity coefficient demonstrates the softening or hardening treatment of the corresponding nonlinear
natural frequencies. It is concluded that ignoring the flapping-torsional coupling due to the Coriolis force, for odd modes makes
some errors in the magnitude of effective nonlinearity but the type of nonlinearity is predicted correctly. On the other hand, in the
even modes for average to high rotation speed in addition to incorrect estimation of the magnitude of effective nonlinearity the
different type of nonlinearity is also predicted.

Keyword: Rotating beams, exact geometrical formulation, Coriolis force, effective nonlinearity coefficient, method of multiple
scales.



