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When an asymmetrical shaft is supported by single-row deep groove ball bearings, nonlinear
spring characteristics appear due to clearance of bearings and the stiffness of support at the shaft end
differs depending on the direction because the equilibrium position of the shaft center line shifts from
the center of the clearance due to gravity and misalignment of assembly. Due to the coexistence of
the rotating difference in shaft stiffness, the static difference in stiffness at bearing support and the
nonlinear spring characteristics, various kinds of nonlinear parametric resonance and nonlinear
forced resonance occur. In this paper, we studied vibrations of harmonic type and super-combination
type. As a result, we clarified the following phenomena, such as, division of unstable range,
convergence of an unstable vibration to a limit cycle, resonance curve of a hard spring type, and
coexistence of a forward and a backward frequency components.

Key Words: Vibration of Rotating Body, Asymmetrical Shaft, Gravity, Nonlinear Vibration,
Parameteric Excitation, Harmonic Vibration, Super-Combination Vibration
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Fig. 1 4DOF rotor model
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Fig. 3 2DOF Theoretical model (inclination)
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Fig. 6 Natural frequency diagram
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Fig. 7 Resonance curves
(Harmonic Type Vibration)
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Fig. 8 Resonance Curves
(Super-Combination Type Vibration)
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Fig. 10 Result of Experiment(System 1)
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Fig. 11 Result of Experiment(System 2)
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Fig. 12 Result of Experiment(System 3)
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