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Wave Propagation Analysis and Shape Control System Development for Large-Sized
Membrane Space Structures
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"Ground Truth"

This study investigated the wave-propagation mechanism of large-sized

membrane space structures, for application to the development of a shape-control system that enables
active deformation of the membranes to various three-dimensional shapes. First, a dynamic simulator
that can handle the deformation of 100-meter-class large-sized membranes was developed. It
successfully revealed the process in which a wave excited by an external force forms a
three-dimensional vibration mode. Next, through an impulse-response analysis, a theory that can
analytically describe the transient response of a membrane to an arbitrary external force was
developed. Finally, a shape-control mechanism that exploits the physical insights obtained by the
numerical analysis and the deformation theory was developed. The validity of the control system was
demonstrated through a ground-based demonstration test using a large vacuum chamber.
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