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ABSTRACT

As part of JAXA’s MMX mission, a rover, jointly developed by DLR and CNES, will be deployed on
Phobos [1]. Its task is to scout the landing site for the MMX spacecraft and to gain in-situ insights on
the Phobos regolith. Major challenges to the mission’s success are the extremely low gravity on Phobos
and its mostly unknown regolith properties [2]. Effective gravity on Phobos ranges from 3.1x10* m/s2
to 6.8x10* m/s2 [1]. So far, no wheeled rover has ever been deployed under comparably low gravity.
So, to ensure the mission’s success, the rover wheels and their traction have been examined and
optimized using DEM simulations (see Figure 1) [3].
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Figure 1: comparison of optimized (1) and non-optimized (2) wheel geometry in partsival

However, the DEM simulation framework, partsival, was developed with the gravitational environ-
ments of Earth, Mars, and Moon in mind. Under such conditions, partsival is capable of replicating
wheel-soil-interactions. The results of simulations match with experimental findings, so partsival can
be considered a well-tested and well-working simulation framework [4]. Minor result scattering is a
well-known issue with massively parallelized computations [5]. partsival’s simulation results are only
non-deterministic on a microscopic scale. Macroscopic determinism is given [4].

However, we observed problems with repeatability when running simulations in Phobos’ low gravity
environment [3]. When simulating with tried and tested settings, the results show a wide scatter with
over 100% result deviation from lowest to highest slip/sinkage results. Macroscopic determinism is
hence clearly not given. Therefore, a method to minimize result scattering with DEM simulations in
milli-g environments was developed.

The scattering results emerge from a combination of rounding errors due to parallel computation of
inter-particle dynamics [5] and low contact forces (due to Phobos’ low gravity) ranging well within
the error tolerance of partsival’s solver [3]. Several ways to tackle result scattering in milli-g
environments are discussed in the paper, including statistical analysis, changes to partsival’s numerical
precision, and changes to the integration scheme. The numerical stability of the simulation framework
is discussed as well and the methods that were found to increase numerical stability in milli-g environ-
ments are presented.
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