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Increase of space debris has been becoming serious risk for spacecraft operation in near Earth orbit as space
activities expand. To reduce the number of these space debris, methods for de-orbiting spacecraft by itself to the
Earth after its lifetime are proposed. These methods are so called post mission disposal, PMD. A PMD device
has successfully demonstrated in low Earth orbit (LEO) to produce atmospheric drag by using a deployable
membrane. To enhance the drag for effective debris removal, we propose a new device composed of a charged
membrane to utilize ions existing in the orbit. In this study, we present the magnification of the ion drag onto the
charged membrane compared to that onto non-biased membrane, and also present appropriate method to bias
the membrane to utilize the ion sheath to produce the ion drag. The figure shows a cross sectional view of the
density of ions flowing right to left around charged membrane obtained by a numerical simulation. In the figure,
an effective biassing method prevents turning of ions onto the downstream surface.
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Abstract: Increase of space debris has been becoming serious risk for spacecraft operation in near Earth orbit as space activities expand. To reduce the number of these
space debris, methods for de-orbiting spacecraft by itself to the Earth after its lifetime are proposed. These methods are so called post mission disposal, PMD. A PMD device
has successfully demonstrated in low Earth orbit (LEO) to produce atmospheric drag by using a deployable membrane. This device has the advantages of low-cost and
simplicity of its component but disadvantage of uncontrollable drag. To improve the device, we propose a new device composed of a deployable charged membrane to utilize
ions existing in the low earth orbit. In this study, we introduce the system concept and components, and present numerical analysis to determine appropriate biasing method on
the surface of the membrane to utilize the ion sheath to increase the ion drag.
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3. Utilizing lon Sheath by a Biassing Method on the Charged Membrane
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Conclusion:

« We propose a drag force intensifier using charged membrane for de-orbiting a large-scale debris

» The system is designed to apply ion drag as well as drag of neutral particles

» To enhance the ion drag, directivity of the ion current onto the membrane is controlled by a biassing method on the membrane:
negative potential on the upstream surface, positive potential on the downstream surface.

« Effect of the biassing method to utilize the ion sheath for ion drag is analyzed by numerical simulations; the results show the biassing

method is effective, the electrically floating potential will determine the magnitude of the potentials onto the surface of the membrane.

8 Estimation of the magnification of the drag by ion drag is on-going by post processing of the numerical results. )
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