ECCOMAS Thematic Conference on Multibody Dynamics
June 29 - July 2, 2015, Barcelona, Catalonia, Spain

Nonlinear analysis of the cable-pulley interaction
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Abstract

The usage of cables, wires and fibres in various machines can be found in the real world and therefore
it is necessary to have proper and effective modelling tools for sake of dynamic analysis and e.g. control
synthesis. Absolute nodal coordinate formulation (ANCF) is capable to be used in the modelling of
mechanical systems considering cables or wires as was demonstrated in [1] or [2]. This paper deals with
a detailed analysis of the interaction between a rotating pulley (a sheave) and a cable, which is modelled
using ANCF approach.
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Figure 1: ANCF planar beam.

A planar ANCF beam element of length / with two nodes is employed (see Figure 1). The whole model
of the ANCEF planar beam element [3] is of the form

Meé+Ke(e)e:Qek (1)

and is characterized by constant mass matrix M,, strongly nonlinear stiffness matrix K, (e) derived using
the strain energy and by vector of external forces Q.. The assembling of a discretized flexible body (i.e.
fibre, cable) model is straightforward and can be extended by a suitable model of viscous forces B(q,q)q

where q is the vector of all elastic coordinates of the fibre. This model can be combined with the models
of other flexible or rigid bodies and with the model of kinematic joints using a standard way.

In order to develop and verify the model of a cable-pulley interaction, at first the very simple system
consisting of one pulley and one cable with defined forces on each side was studied. The more complex
mechanical system (Figure 2) is additionally equipped by a linear drive (connected to a moving body us-
ing a fibre) and a pulley. This setup was also investigated experimentally [4] and therefore the simulation
and experimental results could be compared.

The pulley is modelled as a rigid body with one degree of freedom (rotation), the fibre is modelled as
deformable body and it is discretized using the ANCF method to n elements. During the interaction of
these two bodies, the contact forces arise not only in element nodes. Therefore k equally spaced points
are determined on each element. The contact forces are then evaluated for each of these point. Let us
have element e (e =1, ..., n) and point i (i = 1, ..., k). In each time step, the relative penetration &,;,
penetration velocity &,; and relative tangential velocity vector v,; between the pulley and the fibre point
is determined. Than the normal and friction forces are evaluated.
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Figure 2: Scheme of the testing mechanical system composed of a motor, a pulley, a weight and a cable.

The best-known and very popular normal contact force formula was introduced by Hertz [5]. This model
is based on the theory of elasticity and describes a force between two perfectly flexible solids with
frictionless surfaces. The Hertz law can be expressed

Fyej = K0,;, 3

where K is the contact stiffness and 7 is the positive exponent, which reflects the shape of contact bodies.
This basic contact force model does not consider the dissipation of energy during contact, therefore more
complex models were developed [6]. Hunt-Crossley’s model of normal contact force [5] was also tested
as a more complex modelling approach. It is based on a simple dissipation model, where the damping
coefficient is dependent on the penetration. The friction forces were also added to the interaction model
and the model performance was tested with respect to various parameters of the friction model.
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