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CISLUNAR TRAFFIC MANAGEMENT: LOITERING IN THE GATEWAY NRHO

Abstract

The Gateway is the next human outpost in space: a proving ground for deep space technologies and
a staging location for missions to the lunar surface and beyond Earth orbit. The Gateway will reside in
an Earth-Moon Near Rectilinear Halo Orbit (NRHO), a cislunar destination strongly influenced by the
gravity of both primaries. It will serve as a hub for visiting vehicles, including the Orion crew vehicle,
logistics modules carrying supplies, and human landers supporting rendezvous with the crew for lunar
descent. With multiple spacecraft supporting each Artemis mission, effective traffic management in the
NRHO is crucial to ensure crew safety and mission success.

This study summarizes loitering scenarios for the various visiting vehicles and addresses the challenges
introduced by the complex gravitational environment in cislunar space. For a vehicle intending to dock
with the Gateway, a nearby loiter location is preferable, since transfer time of flight and cost both
increase for larger separation distances. However, conjunction risk increases as separation decreases. This
investigation explores strategies to safely decrease loiter distance, especially for a vehicle anticipating an
Orion launch that may be delayed for multiple NRHO revolutions. Due to the unstable nature of the
NRHO, both the Gateway and each visiting vehicle must perform orbit maintenance. Previous studies
assume that the same algorithm is applied to all vehicles. The current analysis extends these studies
to consider algorithms specific to each vehicle. For the Gateway itself, the orbit maintenance strategy
is adjusted to vary the adherence to an expected trajectory, and the associated costs are outlined. By
adjusting targeting parameters, the Gateway orbit maintenance strategy is tuned to ensure the spacecraft
remains close to the baseline NRHO for a minimal increase in v. A scheme that enforces tight orbit
maintenance for the full Gateway lifetime is compared to a variable strategy that tightens the parameters
only leading up to an Artemis mission. For the visiting vehicles, a relative stationkeeping strategy is
introduced, and the additional v costs and operational complexity are weighed against the improved
relative separation in the presence of expected operational errors.

In both nominal and contingency scenarios, timelines that include multiple vehicles flying in close
proximity in the NRHO over one or multiple perilune passages are challenging. This study focuses on
loitering strategies to address these challenges.
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