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Non-linear Modelling for the Vibration Analysis of a Rotating Thin Ring
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Out~of-plane Flexural Vibration (48 3% %)

ABSTRACT

Free non-linear vibration of a rotating thin ring with a constant speed is analyzed when the ring
has both the in-plane and out-of-plane motions. The geometric non-linearity of displacements is
considered by adopting the Lagrange strain theory for the circumferential strain. By using
Hamilton’s principle, the coupled non-linear partial differential equations are derived, which
describe the out-of-plane and in-plane bending, extensional and torsional motions. The natural
frequencies are calculated from the linearized equations at various rotational speeds. Finally, the
computation results from three non-linear models are compared with those from a linear model.
Based on the comparison, this study recommends which model is appropriate to describe the non-

linear behavior more precisely.
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Figure 1. Unconstrained thin ring rotating at constant
speed Q: (a) top view and (b) the cross-section.
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The lowest natural frequencies (rad/s) of each
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. . In this Reference
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Figure 2. Natural frequencies ®, of the bending

modes versus the rotational speed Q for (a) the in-
plane vibration and (b) the out—-of-plane vibration :
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Figure 3. Comparisons of the bending natural

frequencies @, versus  when 7 =2: (a) the in-
plane vibration; (b) the out-of-plane vibration; —,
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