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In the solar power sail IKAROS demonstration experiment, the unexpected out-of-plane
deformation, out-of-plane rigidity and solar radiation pressure (SRP) torque of the thin
membrane were observed. These phenomena are estimated to be caused by the thin-film
devices with curvature but are insufficiently examined. The purpose of this thesis is to clarify
the effects of the thin-film devices with curvature on the deformation, out-of-plane rigidity
and SRP torque of membrane structures for design guidelines for thin-film device placement
in solar sails.

First, the method to simulate the curved shape of the thin-film device by the moment of
force in a ground experimental model of a part of the solar power sail in geometric non-linear
finite element analysis is verified by comparing the simulations with the experiments. It is
confirmed that the finite element model can qualitatively simulate the shape by the
three-dimensional measurements, and the deformation properties of the membrane near the
thin-film device are revealed. Moreover, the eigenvalue analysis of the ground experimental
model is compared with the vibration experiment to validate the simulation model and
uncover the vibration properties.

Second, using the on-orbit membrane model based on the verified simulation model, the
deformation properties of membranes without constraints and external force are examined by
changing position, direction, and the number of the thin-film device and two-dimensional
shape of the membrane. In addition, using the on-orbit membrane models, the deformation,
out-of-plane rigidity and SRP torque properties of a solar sail, which consists of four
trapezoidal membranes, such as IKAROS and the next solar power sail OKEANOS are
elucidated by changing position, direction and size of the thin-film device. It is found that the
entire sail membrane deforms into a characteristic shape called a pyramid shape, an inverted
pyramid shape, and a saddle shape depending on the direction of the thin-film devices, and

the saddle shape is preferable considering shape stability and SRP torque.
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