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ABSTRACT
Gossamer-1 is the first project of the three-step Gossamer roadmap, the purpose of which is to
develop, prove and demonstrate that solar-sail technology is a safe and reliable propulsion
technique for long-lasting and high-energy missions [1]. The development of the booms and the
deployment unit is further described in [2], the sail design including the results of several
development tests is given in [3] and [4].
As a pure deployment demonstrator, the Gossamer-1 spacecraft does not have an attitude control
system. Therefore, its orbital and attitude dynamics are completely determined by the forces and
torques in orbit. Furthermore, the sail is a non-rigid structure. The sails will billow and the booms
will bend, depending on both the external forces and the internal tensioning forces. Compared to
the deformation of the sail membrane, the deformation of the booms is small and was neglected.
The shape of the sail changes constantly according to attitude and the corresponding loading,
especially the aerodynamic drag and the solar radiation pressure. To get an idea of the sails
deformation, an implicit finite element model with shell elements was implemented in ANSYS,
considering the drag as pressure according to a Newtonian flow.
Our model considers a non-flat sail in a Low-Earth Orbit, affected by the gravitational force, the
aerodynamic force in free molecular flow and the solar radiation pressure (SRP) force. The main
challenges for modeling the solar-sail behavior arise from the continuously changing SRP force
direction and magnitude, the eclipses, and the displacements in the sail, which affect all the
parameters linked to the sail and the directions of the forces.
The SRP model has been taken from Ref. [5] and the eclipse model from Ref. [6]. The analytical
model for drag in free molecular flow has been intensively studied in the last decades [7, 8] and has
recently been statistically compared by Ref. [9] to very precise Direct Monte Carlo Simulations
(DMCS), which is computationally too expensive to be included in our model. The analytical
model for drag fitted the DMCS with significance and thus has been used.
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The tumbling of the spacecraft has a direct impact on the thermal control design, the design of the
power system, and the design of the communications system. Also, excessive spinning may result
in the destruction of the sail. Furthermore, it is important to make sure that the sail will de-orbit in
an acceptable amount of time. Therefore, it is important to understand the orbital and attitude
behavior of the solar-sail spacecraft. In this paper, we describe the implementation of our solar-sail
model and the results of our simulations.
The simulation results are also fundamental to understand the final optimal shape of the sail.
Depending on the effect of the billowing on the spacecraft dynamics, it may be possible to loosen
or necessary to tighten the sail with respect to the actual configuration.
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