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Abstract:

We provide an overview of different formulations for modeling and simulating deformable terrain
suitable for terramechanics studies and vehicle-terrain interaction simulations. These formulations
cover a spectrum of methods and implementations with different levels of levels of fidelity and different
computational requirements. Once made available in a simulation software package, such as the open-
source multi-physics Chrono library, such capabilities enable a variety of off-road mobility analyses,
for both wheeled and tracked vehicles and both terrestrial and extra-terrestrial applications.
The focus of this presentation is on the formulations, capabilities, and relative computational efficiency
of various approaches to terramechanics. These range from the semi-empirical, phenomenological, Soil
Contact Model (SCM, based on Bekker's formulas) to fully resolved granular dynamics Discrete
Element Method (DEM) using either smooth or non-smooth contact formulations. The continuous
representation (CR) of granular dynamics is a promising approach which bridges the gap between the
two extremes in terms of fidelity and computational efficiency.
Computational efficiency is achieved by suitable choice of methods and techniques, appropriate for the
respective underlying mathematical model, as well as targeting the hardware best suited for
parallelization of the ensuing data structures and algorithms. In Chrono, DEM terrain representations
are parallelized either with OpenMP on multi-core processors or else using GPU acceleration with
CUDA. The CR formulation leverages the SPH-based fluid-solid interaction capabilities and a CUDA-
based GPU implementation. Finally, the SCM Chrono implementation leverages multi-core parallelism
in its most computationally intensive calculation, namely ray casting in the collision system.
This presentation seeks to provide some insight into the methods and implementations which enable
solving complex vehicle mobility problems and to demonstrate them with illustrative applications.



