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ABSTRACT

This paper presents a concept for a swarm of solar concentrator spacecraft for rapid deflection of small asteroids. With 32 satellites each with a 60 [m] radius parabolic reflector, the system will be able to redirect 45% of asteroids 10-100 [m] in diameter which are detected two years before impact. Previous research has focused mainly on asteroids larger than 140 [m] which are detected long before impact, so this paper represents a novel approach to asteroid deflection. 

On larger asteroids, for example the hypothetical worst-case scenario for the 2021 Planetary Defense Conference, the system can still move the close approach distance by several km. The system is modular and can easily be scaled up by increasing the number of spacecraft, if it is desirable to be able to deflect asteroids larger than 100 [m].
Each satellite in the swarm will concentrate sunlight on the asteroid. The primary reflector concentrates incoming sunlight, which will be collimated and projected onto a flat secondary reflector. The secondary reflector then aims the beam of concentrated sunlight onto the asteroid, heating it up and sublimating material. The resulting gas jet will produce thrust to redirect the asteroid. The spacecraft does not expose the primary reflector to the ejecta, preventing its degradation. The secondary reflector will be actively cleaned using an electrodynamic screen to remove ejecta and maintain a high efficiency. This optical arrangement combined with active cleaning is an innovative solution to solar concentrator design. This fixes the problem of reflector degradation faced by previous designs. The mirrors themselves will be deployable structures which will be folded up for launch into space.

The system can be stationed in low Earth orbit for up to five years. This removes the need to wait for launch vehicle integration and launch from Earth, enabling redirection within a much shorter period. When a threatening asteroid is detected, the system can begin to intercept immediately. Upon arrival the swarm will be deployed, and the reflectors will unfold so the swarm can begin redirection.
This paper will discuss the mission and operations of the system, the detailed design of a single solar concentrator spacecraft, and an in-depth performance analysis of the final system. The paper will hopefully be of great relevance to the academic and scientific community and help further research into asteroid deflection.
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