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Orbital change of space debris using the charged satellite
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The number of the space debris is increasing every year. Thus, space debris has been a serious environmental
problem. This study proposes the way of the orbital change of space debris using the charged satellite which
generates a thrust without propellant by utilizing interactions between the charge of the satellite and the Earth’s
magnetic field.
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Orbital Change of Space Debris Using the Charged Satellite

O EEH. FEIBMT. WIER(EX £7F0)

M. Nakamiya, Y. Akashi, H. Yamakawa (Kyoto Univ.)

Background

Issue

Increasing the Number of Space Debris

(spent rocket fragments and defunct satellites) As of July, 2011

About 16000
Huge problem for space exploration l

(NASA) o EIRLLLLEE
(NASA) 2
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Active Debris Removal

Removal satellite

3:Estimate motion 4:Capture
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:Uncooporatevie approach
. |
_1:_Orb_|t 5:De-orbit
I injection

Using a removal satellite,
space debris is captured and is dropped into the Earth’s atmosphere
by changing its orbit !

Orbital Change

Method

<Chemical Engine>

- O Matured technology

- X Large amount of propellant
- X Fix with debris

<ElectroDynamic Tether (EDT)>
- O No propellant
- X Extending the tether
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Propose

Orbital Change by Charged Satellite (CS)

New method of debris removal using a charged satellite

<Charged satellite>
x Natural charging on satellite due to space plasma should avoid

Generate a large charge on a satellite by ion and electron emitters passively
l

Control the orbit utilizing the Lorentz force that is obtained

as the Charged Satellite travels through the Earth’s magnetic field

- O No propellant
- O Small system (ion and electron emitters )
- X Not matured technology

Objective

+

To investigate the orbital change of space debris
using charged satellite
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Assumption
Model
bl
Farih |
L 'flll.
Dipolar Approximation
(Not tilted, Rotating with Earth)
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Characteristic of Orbit Change
By Charged Satellite
Initial condition:800 x 800 km, Inclination = 0 deg (Mass = 500+500 kg)
Charge = -1 C (feasible [Peck])
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Characteristic of Orbit Change
i Sensitive Analysis of Charge Amount

Initial condition: 1000 x 1000 km, Inclination = 0 deg (Mass = 1000 kg)

Charge = -10 C, -100 C, -1000 C
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Just Amplitude increases even though the quantity of charge increases.
(The quantity is not practical)

+

What if Controlling the Charge?

10
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Linearized Equation of Motion

Control the charge amount periodically

Conservation of

Charge control (periodic) § = {oSInwt [ angular momentum

L=mr’0 »60=—;
mr2 |

Equation of Motion (Radial component; No Earth’s atmosphere and no inclination)

.. : K Bo(Rg > . L? I BOLRE3 1 mwg .
f(r)=#=r9% - -z + E(T) (9 - wE)rqosmwot =232 + oz \jA Tz qoSinwt
Linearized around initial altitude, r0

. .. 0
flo+Ar) =7y + Ar = Ar = f (1) +a—];‘ Ar

L3 u| |BoLRg* (1 muwg ' ) L? ul| BoLRE®/ 4 mowg _
= —— — E + - E - —Toz qosSinwt [+ {[—3 - + Zr—3 + — <_r_5 +2 3 )qosmwt A7
= 0 + q;sinwt + {—wi + g,sinwt}Ar (+ w2 gy)
Ar + w3Ar = g;sinwt T0) Forced Oscillation!

11

Resonance is occurred!

with charge control period = orbital period

General and particular solution  Ar = Cjcoswyt + Cysinwgt + —; > sinwt
From initial cond.  Ar(0) =C; =0 Ar(0) = Cyw,y = P L ¢ S
w2 — w? 2 wo w2 — w?
0 0 Wo

w
Ar = sinwt — —sinwyt
0)(2) — w2 ( wo 0 )
41 1
W = Wy Ar = —— (—tcoswyt + —sinwyt)
2wy Wy

Secular term --> Resonance is occurred!
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Analytic vs. Numeric

Resonance Oscillation

Charge = 1 C (feasible)

Initial condition:800 x 800 km, Inclination = 0 deg (Mass = 500+500 kg)
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Amplitude increases due to the resonance
when the period of charge control corresponds to the orbital period! 5

Orbital Charge by Controlled Charged Satellite
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Re-entry Time

Without Earth atmosphere
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Charge amount =1 C

Mass of Debris & CS = 500+500kg
Area = 10 m”~2

Coefficient of drag= 2

Atmosphere density = Modified Exponential Model

With Earth atmosphere
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Comparison between Charged Satellite
and Electrodynamic Tethers

15

Re-entry Time

Charged Satellite (CS) vs. Electrodynamic Tether (EDT)

Parameters are adjusted so that the re-entry time of
CS & EDT becomes equal.
(Altitude=800km, Inclination=0deg, Eccentricity=0)

CS : Charge amount=-3.91C {
EDT: Tether length= 10 km, current value= 0.7 A

Compare CS with EDT based on this criteria!

I5
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Charged Satellite vs. Electrodynamic Tether

Sensitive Analysis of Altitude

<Initial condition>

Inclination = 0 deg, Eccentricity = 0
Charge = -3.91 C, Tether length = 10 km, Current = 0.7 A
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Re-entry times of two method are almost same
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even the altitude increase !
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Charged Satellite vs. Electrodynamic Tether

Sensitive Analysis of Eccentricity

<Initial condition>

Altitude = 800 km, Inclination = 0 deg
Charge = -3.91 C, Tether length = 10 km, Current = 0.7 A
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Charged satellite is more efficient
with increasing eccentricity !
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Charged Satellite vs. Electrodynamic Tether

Sensitive Analysis of Inclination

<Initial condition>
Altitude = 800 km, Eccentricity = 0
Charge = -3.91 C, Tether length = 10 km, Current = 0.7 A
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Charged satellite is more efficient

with increasing Inclination! 19

Charged Satellite vs. Electrodynamic Tether

Sensitive Analysis of Inclination

Why CS is more efficient than EDT?
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During the orbital change,
the inclination of CS decreases, but that of EDT increases! 20
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Conclusions

+

1. Increasing the number of space debris
— Removal actively by charged satellite!

2. By controlling charge
— Efficient orbital change by resonance

3. Comparison with Electrodynamic tether
— Charged satellite is efficient with conditions

21

Future Work

}

1. To derive the approximation solution for the orbit with inclination

2. To analyze the system design of charged satellite

22
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