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Abstract Considering the influence caused by the parametric excitation, the global dynamic characteristic of nonlinear
torsional vibration system of the multi-dof rolling mill* s main drive system is investigated. The equations are decoupled by
transforming into principal coordinates. The criterion of existence of chaos phenomena under a periodic perturbation of torque
disturbance is given by means of Melnikov’ s method. Numerical example based on the 1780 rolling mill of some Steel Co. rolling
mill” s main drive system which simplified as a four-degree-of-freedom is given. The bifurcation and chaotic motion in the system
subjected to torque disturbance, nonlinear stiffness and nonlinear damping are studied by theoretical analysis and numerical
simulation. The evolution of system dynamic responses are demonstrated in detail by bifurcation diagrams, maximal Lyapunov
exponent, phase trajectories and Poincare maps when the system undergoes a sequence of periodic doubling or quasi-periodic
bifurcations to chaos. Periodic doubling bifurcation route to chaos, quasi-periodic route to chaos, intermittency route to chaos are
found to occur due to the torque disturbance, nonlinear stiffness and nonlinear damping varying in some range. The conclusion
shows that there are complicated bifurcation structures and chaos motions in the nonlinear torsional system. And the conclusion
can provide reference for deeply researching the dynamic behavior of rolling mill’ s drive systems.
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torsional vibration model with parametric excitation
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