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Abstract

Acting as an interface between car and road, the tire model plays a crucial role in dynamic vehicle
simulations. In commercial and scientific applications there exist several different modeling approaches
for tires. When the tire model has to be embedded into a multi body system (MBS), lumped parameter
models of varying complexity consisting of springs and dampers [3] are used, as well as simple data
curve fits [6]. Likewise, very detailed but computationally demanding three dimensional finite element
(FE) models are used for crash and misuse simulations [7]. However, a coupling of such 3D-FE tire
models to MBS simulations is mostly not feasible due to the large number of degrees of freedom (DOF).
Our purpose is to develop a continuum mechanical based structural modal, which requires only modest
amounts of computational resources so that a coupling with a MBS simulation is viable.

In ECCOMAS Thematic Conference on Multibody Dynamics 2013 a tire model [8] based on the geo-
metrically exact shell theory of [9] was presented. Its spatial discretization is done with finite elements,
like in [1]. The tire model is able to handle pressure loads as well as frictionless contact with a rigid
road surface. Also a special kind of orthotropic material is available, where one principal direction is
parallel to the normal of the midsurface. The tire model is able to interact with a MBS simulation via
co-simulation, with the rim forces and displacements as interface.

We enhance this discrete shell based tire model to allow frictional contact. This is realized with a
Coulombs model, where the distinction between stick and slip is done by a decomposition of the tangen-
tial slip gy into an elastic g5 and a plastic part g [10]. This approach comes from the theory of plasticity
and could be interpreted as a regularization of the stick condition. The discretization of the contact area
is done with a segment to segment strategy, where the road surface is given analytically. The contact
surface of the discrete shell is interpolated locally by Hermite polynomials. Additionally, to the discrete
points of the midsurface also the discrete directors are utilized. This approach is similar to [4], where
lower order polynomials are used, that are not able to handle turning points inside the element [5]. The
contact is evaluated inside the elements at the Gaussian integration points. The evolution of the plastic
slip g in each contact point is calculated by the radial return algorithm [10].

Another enhancement to [8] is the possibility of handling different material layers in the thickness di-
rection. This approach is adopted from [2] and transferred to our discrete shell formulation. With these
improvements, we are able to simulate realistic dynamic forces on the rim. In Figure 1 an example of
a standard tire test is given. Hereby the rim is driven with a fixed velocity and is cornered about the
so called slip angle . Therefore, a lateral force is acting on the rim, due to the frictional forces in the
contact patch.

In this contribution we present the results of dynamic tire simulations and compare them to real measure-
ments. Also the coupling to a simple MBS simulation of a quarter car will be presented.
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Figure 1: Left:Tire running at a speed of with 10 [m/s] a slip angle of 7°. The red arrows indicate the
reaction force on the road due to frictional contact. Right: Lateral force acting on the rim plotted as a
function of the slip angle.
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