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Abstract

In recent years, the development of solar sails has been very rapid, with several artificial solar sails sent into orbit since
2010. As a large flexible space structure with RCDs (reflectivity control devices) or other mirror-like devices to generate
propulsion from solar radiation pressure, the solar sail is very fragile with a high possibility of actuator malfunction.
However, to the best knowledge of the authors, the fault-tolerant control of solar sails has not been seen in previous
research, which may be due to the fact that the designs of solar sails are varied and there doesn’t exist a unified criterion.
Nevertheless, the most commonly seen solar sail is actuated by RCDs distributed on the surface of a 2D plane-like sail
surface. As a result, the majority of a solar sail's fault-tolerant control problems can be reduced to the correct turn on
and turn off of unnecessary RCDs after the malfunction occurs.

In this paper, a quick search strategy is designed to decide which RCDs should be closed and which should be kept on
after a malfunction of an RCD happens. Before the quick searching strategy is triggered to run, a decision-making
procedure called "employer" will calculate the quantity of calculations that need to be done and then decide whether
to calculate the malfunction solving plan by using on-board computational resources or send the briefing of malfunction
situations to the ground station and wait for corresponding orders calculated by ground computational resources. That’s
because the corresponding computation may take up a lot of computational resources, which may easily exceed the
upper ability of on-board computers. The distance between the solar sail and the ground station has also been
considered in the design of the "employer."

Considering that the thrust direction of the solar sail is determined by its own attitude, the quick searching strategy
obeys the rule that closes all the extra RCDs that may destroy the distribution balance of RCDs. Following that, the
solar sail's fault-tolerant control system will turn on some of the still-healthy RCDs in the unnecessary RCDs or turn off
some of the still-working RCDs to stabilize the solar sail's attitude and restore normal states. Numerical simulation
demonstrates that the proposed fault-tolerant decision and control system can successfully bring the solar sail back to its
normal working state in different scenarios.
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