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ABSTRACT

Wheel-soil interaction modelling can be approached with continuum-based or discrete elements based
methods. The traditional semi-empirical methods and also the finite element models are all based on the
concept of the continuum approach. On the other hand detailed discrete element models are also used to
model the soil for wheel-soil interaction studies. But, this is usually a computationally demanding task.
However, the explicit consideration of gravity in discrete element formulations is straightforward. This
can be particularly important for planetary exploration operations where effects of different gravitational
conditions can be dominant.

In this work we discuss a discrete element technique, called position-based (PB) approach, and its ap-
plication to wheel-soil interaction and particularly the study of gravitational effects. We will also use
experimental results obtained under reduced gravity conditions using Martian soil simulant to analyze
the computational results.

The PB approach is based on using particles only and considering their interactions in an implicit way via
formulating a time stepping problem with constraints first and then relaxing these constraints to bring in
constitutive relations. This makes the approach computationally more efficient as opposed to traditional
explicit discrete element formulations.

We analyzed a single wheel driving over soil in order to evaluate the applicability and performance of
the method. This was achieved by building a model and first tuning numerical simulation parameters
to determine the critical simulation frequency then tuning the physical parameters to obtain accurate
results. The former were tuned via the convergence of particle settling energy and soil settling level
plots for various frequencies. The physical parameters were tuned via comparison to drawbar pull and
wheel sinkage data collected from experiments carried out on a single wheel testbed in both Earth-based
and reduced gravity environments. The simulations have produced promising results when compared to
experiments. We will present these results and comparisons.


