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DIOSCURI: A DUAL-SOLAR-ARRAY COOPERATIVE MOMENTUM UNLOADING SYSTEM

Abstract

During long-term operations in lunar orbit, spacecraft are inevitably subjected to persistent environ-
mental disturbance torques, leading to the accumulation of angular momentum and eventual saturation
of reaction wheels (RWs). Unlike Earth-orbiting spacecraft, lunar orbiters cannot rely on magnetic tor-
quers due to the absence of a global magnetic field. Conventional thruster-based momentum unloading
introduces propellant consumption and degrades orbit prediction accuracy by disturbing the spacecraft
center-of-mass dynamics. To address this challenge, we propose Dioscuri, a cooperative dual-solar-array
momentum unloading attitude control strategy based on solar radiation pressure. The system continu-
ously monitors the accumulated external disturbance torque acting on the RWs and triggers momentum
unloading once a predefined threshold is reached. By dynamically planning the coordinated rotational
profiles of the dual solar arrays while maintaining a constant effective illuminated area, a controllable
unloading torque is generated through the intentional deviation of solar radiation pressure vectors from
the two arrays. This actively counteracts the accumulated disturbance momentum and prevents RW
saturation without the use of thrusters. The core of this system lies in establishing an accurate attitude
dynamics model tailored to orbital characteristics, designing a momentum accumulation-based unloading
trigger mechanism, and developing a cooperative dual-solar-array trajectory generation algorithm to pre-
cisely match unloading timing and torque output. Simulations and in-orbit experiments demonstrate that
Dioscuri effectively mitigates RW saturation risks and enables continuous RW operation without thruster
usage. The proposed strategy significantly reduces propellant consumption and improves orbit prediction
accuracy, offering a low-consumption and practical attitude control solution for long-lifetime lunar and
deep-space missions.



