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Abstract

Reliable prediction of rover mobility on the lunar surface remains a critical challenge for future mis-
sions. While there have been decades of wheel-soil interaction research, rovers operating in lower gravity
on granular soils have experienced higher sinkage and lower traction than expected, partly due to com-
mon 1-g rover test methods neglecting the effect of gravity on the soil. An emerging prediction method,
Granular Scaling Laws (GSL), allows prediction of wheel mobility metrics (traction, sinkage, and power
consumption) across gravity levels with sets of nondimensional parameters. However, limited wheel-soil
interaction datasets collected under reduced-gravity flight conditions have existed to experimentally vali-
date GSL alongside other 1-g test methods, particularly in a realistic lunar soil simulant that has cohesion.
This work presents the first comprehensive experimental comparison of 1-g rover testing methodologies
against mobility data collected during lunar-gravity parabolic flight in a cohesive lunar regolith simulant.

A single-wheel testbed specially designed for parabolic flight was flown aboard the National Research
Council of Canada (NRC) Falcon 20 reduced-gravity aircraft in lunar gravity (1/6-g) parabolic maneu-
vers. During these parabolas, wheel mobility tests were conducted with controlled slip percentages in
Lunar Mare Simulant 1 (LMS-1), a high-fidelity lunar regolith simulant. Corresponding experiments were
completed in the laboratory using three 1-g mobility prediction methods: Reduced-weight (equal-load)
testing, soil preparation to match cone penetrometer measurements taken in lunar gravity (equal-G), and
GSL. In addition, a recently proposed cohesion constraint to GSL was experimentally evaluated, which
would require the wheel radius to be scaled inversely to gravity.

Among the 1-g methods tested, GSL provides the closest agreement with the lunar-g flight data
collected. While GSL prediction error increases at higher slip conditions, it consistently remains the most
accurate and preferred method of the three. Experimental evidence further suggests that accounting for
cohesion through the new GSL scaling constraint is not practical or required for mobility predictions in
mildly cohesive soils like real lunar regolith, eliminating the need for 1-g test rovers to be 1/6 scale. These
findings are crucial and offer a key resource for future design and mission planning for lunar rovers.

This paper contributes to the Microgravity Experiments from Sub-Orbital to Orbital Platforms session
through the presentation of experimental results obtained aboard a parabolic aircraft platform. By



improving lunar rover mobility prediction, this research enables more capable robotic exploration and
surface operations that support sustained human presence on the Moon, Mars, and beyond.



