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Abstract

Solar sails provide the possibility for spacecraft propulsion without fuel, which opens up the possibility
of missions that would otherwise require unrealistic amounts of fuel. Future solar sails are being designed
with larger area-to-mass ratios in order to increase their efficiency, causing them to have more structural
flexibility. This increases the likelihood of the sail taking on undesirable shapes and experiencing significant
disturbance torques. Although reaction wheels can be used to control the attitude of the solar sail in
the presence of disturbance torques, they face limits on their operational speed and require additional
actuation for momentum management to allow them to desaturate. Existing actuators, such as the active
mass translator (AMT) and reflectivity control devices (RCDs), assist with this, but suffer from scalability
challenges. This leaves momentum management as a significant challenge in the design and operation of
large solar sails.

The Cable-Actuated Bio-inspired Lightweight Elastic Solar Sail (CABLESSail) concept is being devel-
oped at the University of Minnesota to address some of the challenges of solar sail momentum management.
It is composed of cables routed along the solar sail’s booms actuated by motors in the spacecraft bus,
where tensioning the cables allows for active deformation of the booms and control of the sail’s shape.
An advantage of CABLESSail over other momentum management actuation methods is that it uses the
inherent structural flexibility as a benefit (i.e., allowing for purposeful shape deformation) and allows for
the direct negation of unwanted structural deformations. This allows for the cable-driven actuators to be
lightweight and scale with the size of the sail, as the actuation torques scale with the disturbance torques.

This work details the development of the CABLESSail concept, including static and dynamic analyses
of CABLESSail’s torque-generation capabilities; the design and analysis of a feedback control method to
reliably deform the booms using cable actuation; the design and analysis of a control allocation method
to achieve the desired momentum management torque; and testing with a small-scale CABLESSail pro-
totype. It is shown that CABLESSail is capable of generating roll torques that are at least as large as
those produced by RCDs and generating pitch/yaw torques that are similar magnitude to an AMT with
minimal residual roll torque. This paper presents high-fidelity simulations demonstrating the integration
of CABLESSail’s estimation, control allocation, and feedback control algorithms. This represents a key
milestone in certifying CABLESSail at technology readiness level (TRL) 3.
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