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ABSTRACT

Near Earth Objects (NEOs) pose a great threat to our planet not only due to the direct consequences of a possible impact, but rather because of the long-term climatic effects it would induce. Many deflection strategies, based on either impacting the NEO or slowly pushing it for a long time, have been proposed to reduce its impact probability or to avoid its passage into an Earth’s gravitational keyhole that would lead to a future impact. Among these, the Gravitational Tug (GT) technique is one of the best options in case of high warning time, contained asteroid mass and small targeted deflection at Minimum Orbit Intersection Distance (MOID). On the other hand, it often requires the spacecraft (s/c) to non-inertial hover close to the NEO which can increase mission risk and reduce linear momentum transfer efficiency between NEO and SC.

In this paper, the simultaneous use of gravitational and magnetic interactions between a NEO (i.e., target), with natural global magnetisation state, and a s/c (i.e., chaser), equipped with an onboard magnetic field generator subsystem, is proposed and investigated with the goal of improving the achieved deflection at MOID. The analysis is based on the GT model extended to include the free-free dipoles magnetic interaction under the far-field assumptions. It takes into account the chaser’s propulsive and power generation subsystems efficiencies, the target and chaser’s heliocentric motions and the target’s tumbling state. Furthermore, the target-chaser optimal relative configuration is analysed and a control law for the orientation of the chaser’s magnetic dipole is proposed, considering the limitations associated to its attitude and orbit control subsystems. Dynamics is formulated using relative motion models and is numerically integrated. Several test cases based on either targets with known estimated magnetic properties or a set of virtual targets are presented, highlighting the conditions for which the gravitational-magnetic tug technique can effectively increase the deflection performance compared to simply using GT, according to different metrics. To conclude, the proposed approach is briefly compared with other low-thrust deflection strategies.

