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Expansion of space utilization activities increases the number of large-scale debris like an upper stage of the
launch vehicle in congested orbit at altitude of 800-1000 km. These debris collide with others producing a lot of
smaller debris that would cause further collisions to spacecrafts and their destruction in orbit. For these reasons,
some low-cost debris removal systems are proposed, and a part of fundamental technologies had already been
demonstrated by space agencies in space. The atmosphere at the altitude of 800-1000 km is composed of neutral
particles of He, H, O and ions of O+, H+. One of the conventional de-orbit system uses a deployable sail capturing
the neutral particles to produce a drag force which had already been demonstrated on-orbit at the altitude of 400 to
600 km. The drag force decreases orbital velocity of a spacecraft and then the spacecraft will move to the lower
orbit to the earth. This type of de-orbit system is very simple, but a large-scale structure is necessary to produce
enough drag force for a large-scale debris. In this research, we focus on the ions existing in the atmosphere at high
altitude to enhance the drag force for the removal system. The concept of de-orbit system utilize an ion sheath
generated by a charged deployable thin film whose scale is considered to be 1 mX1 m to 3 mx3 m. In this paper,
as a preliminary study, we introduce the fundamentals of the debris removal system using the charged membrane.
The performance of the system is also discussed as the variations of the atmospheric environment in LEO, and the
potential structure around the charged membrane is analyzed by a 3D full particle electrostatic code to determine a
proper method to bias the membrane.
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abstract:We propose a low-cost and sustainable debris removal system using a charged membrane to utilize the ions in the congestion orbit as well as
the neutral particles at altitude of 800-1000 km. The atmosphere at the altitude is composed of neutral particles of He, H, O and ions of O*, H*, so the
membrane can produce atmospheric drag to decelerate the orbital motion and then the debris will move to the lower orbit to the earth. The concept of the
system utilize an ion sheath generated by a charged deployable membrane whose scale is considered to be 1 mx1 m to 3 mx3 m. The charged
membrane accelerates the incoming ions onto it by electrostatic force multiplying the momentum transfer to the membrane. In this paper, as a preliminary
study, we introduce the fundamentals of the debris removal system using the charged membrane. The performance of the system is also discussed by 1D
theoretical estimation in actual space environment, and the potential structure around the charged membrane is analyzed by a 3D full particle electrostatic
\code to determine a proper method to bias the membrane.
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3. Drag Force by Charged Membrane
(Mechanism of momentum transfer Space environment Numerical Simulation )
Membrane (-100V)  Sheath Quasi-neutral 2016/01/03 (perihelion) 13:00 3D full-PIC simulation:
Barticle Donaity ] Compute potential structure around
Vi=Vp+V, v, Alitude . A membrane and current collection
77 km] e © H © H He on the surface
Gainby E: V, ) v v 800 | BA9E+10 6.9BE+10 124E+10 138E+11 B.24E+10 5.79E+11 Membrane size Tmx1mx005m
24 A Calculation system| 6.4 mx6.4mx64m
/ 1000 | 4.01E+10 2.33E+10 1.49E+10 7.06E+09 6.84E+10 2.76E+11 Orbital speed 7350 mis
. .. lon (0%)
{RerfectiElastigiCollision Neutral atmosphere: NRLMSISE-00 Density 7101 m
. Atomic mass 16 amu
= lon density: IRI-2016 Temperature 01eVv
Electric Field ) . . Thermal speed 1097 mis
Theoretical estimation (1D sheath) Electron
. . : Density 7x1019 m3
Acceleration Region  Drift Region 2016/01/03 (perihelion) 13:00 at 800 km Temperature ‘ 016V
Positive lon(Mass: M) Membrane Potential [V] e Il
Neutral Particle Dynamic Pressure [Pa 0 -50 -100 imi
(Neutralized lon by Coupling Free Electron, Mass: M) NZutral Particle, Pn[ . 4.25E-08 4.25E-08  4.25E-08 Preliminary results
Momentum Transferred to Membrane: M(Vy~(-V,))=2MV,+MV, on. i .
->Enhanced Momentum by E field - Enhancement of Drag Force (gi/Pi atov) 17‘(‘1’5000% 8‘225'70313 10(952077)
Neutral Particle does not feel E field Total, Pt 5.99E-08 125E-07  1.51E-07]
—>Membrane does not lose obtained momentum (pt/p't at 0V) (1.00) (2.08) (3.05)|
Increase of current collection of iONS v movess e 2010/01/03 (perihelion) 13:00 at 1,000 km

- Membrane Potential [V]
O > kT /e, d, <L _ o4
q)m < kTZ' le m el Tsh " d»\/' > L”’ Dynamic Pressure [Pa] 0 -50 -100 1=l OV) ~84xI0%A
—T % 1 (-50V)~2ly, I, (-100V)~31,
=== -\ i ) Neutral Particle, Pn 1.07E-07 1.07E-07 1.07E-07
~~ Y o
"':v' =3 > lon, Pi 3.92E-08 1.75E-07 2.31E-07|
/; ) (PilPi at 0OV) (1.00) (4.46) (5.90)
Total, Pt 1.47E-07 2.82E-07 3.38E-07|
quasi-neutral space-charge limited  orbital limited (PUPtat 0v) (1.00) (192) @31)
N J
~N

(conclusion:

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

* The system utilizes ions in congestion orbit (altitude of 800 km to 1,000 km) as well as neutral particles

« 1D Theoretical estimation expects the total gain of the drag to be 3.05 and 2.31 at the potential of -100 V at 1,000 km, respectively
< To increase the current collection, expansion of the sheath is required applying larger magnitude of negative potential to membrane
Modifying the method to apply the potential to the membrane to keep directivity of the ion flow not to lose the ion drag (on-going)
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