Non-linear dynamics of a new design of a two-tyre flexible coupling
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Abstract. This paper investigates the non-linear dynamics of a new design of a two-tyre flexible coupling via computer
modelling and simulation. On the basis of the derived mathematical model, and by assuming ranges of variability of the control
parameters, the areas in which chaotic coupling movement takes place are determined. The research mainly focused on
identifying coexisting solutions of the formulated phenomenological coupling model. The coupling characteristics were
determined on a laboratory stand. The results of model and experimental tests were related to the classical design solution of
a flexible coupling with a single tire.

Introduction
In flexible couplings, the nonlinearity of the system is mainly due to the mechanical characteristics of the
flexible connector [1]. From a theoretical point of view, the optimum mechanical properties of the flexible
coupling to the dedicated drive system should not only be based on the transmitted torque (as in most cases)
but also mainly, based on the viscoelastic properties of the flexible connector present in the flexible coupling
[2]. These properties are identified based on static or dynamic characteristics recorded under experimental
conditions. Laboratory tests were carried out in a system of two induction motors connected by a flexible
coupling.
Model and experimental research

Differential equations of motion were derived using a non-classical method - bond graph (Fig.1). In order to
carry out the numerical experiments effectively, the derived mathematical model was transformed into a
dimensionless form. With regard to model tests, special attention was paid to the coexisting solutions and the
possibility of its correction in order to reduce the dynamic loads affecting the fatigue life of the flexible
connector. The results of the model tests were presented in the form of multi-colored maps of the largest
Lyapunov [3] exponent distribution, through which zones of periodic and chaotic solutions were identified. In
addition, the influence of the load characteristics on the evolution of the geometrical structure of the Poincare
cross-sections was analyzed. The coexisting solutions were depicted as stable orbits recorded in the phase
plane.
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Figure 1: View of the coupling and the model in the form of a bond graph
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