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DESIGN OF SAFE TRANSFER TRAJECTORY BETWEEN QUASI-SATELLITE ORBITS

Abstract

JAXA’s mission, Martian Moon eXploration (MMX) mission, which plans to return samples from
Phobos, is scheduled for launch next year in 2026. Phobos is also considered as a future base for manned
Mars exploration, and the operational data MMX will obtain near Phobos will be valuable. MMX will be
operated on Quasi-Satellite Orbits (QSO) around Phobos which is known to be highly stable under the
three-body problem. Since the gravity of Phobos is small and the sphere of influence is below the surface,
there is no Keplerian orbit, while hovering on the surface of Phobos is not feasible because of the large
fuel requirement. Therefore, it is essential to operate on a QSO in order to stay near Phobos for a long
period. This study describes a method of transition between QSOs.

In previous studies of transfer trajectories between QSOs, some types of transfer trajectories which
are called single transfer with minimum AV, multi-revolutional periodic orbits, and swing QSOs have
been considered. However, we found a risk that the probability of impact and escape from Phobos cannot
be reduced to zero when considering the effects of actual orbit determination errors and AV thruster
errors that may occur in the low-altitude zone that is known as an unstable altitude zone in the previous
research. Therefore, this study surveys the solution space of transfer trajectories between QSOs and
systematically organizes the solution space from the viewpoint of impact and escape risk. This new group
of safe transfer trajectories is different from previous studies that discuss stability in the linearized range
around the orbit, and is a practical and safe transfer method because it takes into account actual orbit
determination errors, AV thruster errors, and perturbation errors due to full ephemeris model. From the
solution space we have organized in this study, we proposed three transfer methods that are safe enough for
actual operation: single revolution transfer, multi-impulsive swing QSO transfer, and three-dimensional
transfer, and showed their tradeoffs in terms of AV, time of flight, and safety. This tradeoffs allows the
planers of the spacecraft operation to select an optimal transfer method that satisfys their needs.



