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Comparison of the mitigation effect of space debris by some removal indexes
for orbital objects
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After the long space activities, large numbers of fragments generated by explosions and collisions of space objects
are gradually increasing. In recent, many research organizations have reported that as a result of self-proliferation
of these space debris without some mitigation process, future space activities will be affected. Also, in the private
sector, mega constellation with thousands of satellites are also planned as a continuous communication
infrastructure, and it should be necessary to consider the influence on the space environments.

In this report, one guideline for improvement of future orbital environment after the result of space debris
mitigation effect by some removal indexes for orbital objects with the propagation model of space debris created
to predict the future debris distribution.

This document is provided by JAXA.
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Preface

Purpose

This presentation denotes some effective guidelines for space
debris mitigation and environmental remediation based on the
outcome of future projections of debris population conducted
with some removal scenarios.

Method

Devise removal scenarios which expect less debris generation
and evaluate the outcome of future projections in terms of
population growth and collision activities.

Point of Interest

Effect of ADR target selection on the future population.

Effect of PMD success rate and/or ADR after PMD failure on
the Mega-constellation.

8th Space Debris Workshop
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Index for ADR Target Selection

+ Select the index that expects less debris generation.

« The index of “collision probability x mass” is suitable
for that purpose.
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Igmebris evolutionary model (NEODEEM)

Initial Input :
Set the scenario
Initial population

Population Transfer: (Selectable)
Traffic Model: New Launch (8-year cycle)
Collision: NASA Std. BU Model 2001 Rev. (MC)
Maneuver: PMD(MC), ADR(MC)

Collision avoidance

Primary sphere n
Line of nodes /
Propagation:

Earth Gravity (4 order and degree)
Air Drug (Jacchia-Roberts)
Lunisolar gravitational attraction
Solar Radiation Pressure

™, Secondary sphere

|
‘_,Seoondry object

Acknowledgement: Initial population are provided by ESA for IADC studies
8th Space Debris Workshop 3
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ADR analysis by debris evolutionary model
Assumptions

Starting year of ADR @ 2025

Number of ADR : 1/year, 5/year
lll. Target selection considering the operation
@ Eccentricity < 0.02,

@ Limit of target mass

@ R/B entirely
V. ADR target

@ S/Cand R/B

@ R/B entirely

@ R/B entirely with maximum mass limit

8th Space Debris Workshop 4
Dependency of ADR orbit height and starting year
010 ADEOS 2020 Probability of Collision 10 ADEOS 2040 Probability of Collision 010 ADEOS 2060 Probability of Collision
ADEOS ) ADEOS . ADEOS
— -50km — -50km — -50km
0.08 4 —— -100km 0.08 4 = -100km 0.08 4 = -100km
g —— -150km s —— -150km 3 — -150km
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% 0.04 g 0.04 / g 0.04
B 0.02 B 0.02 - 0.02
0.00 0.00 0.00
2013 2033 2053 2073 2093 2113 2013 2033 2053 2073 2093 2113 2013 2033 2053 2073 2093 2113
Year Year Year
+ Collision probability may change according to ADR height (original height+50km)
» Collision probability should change according to the start year of ADR
» Depend on debris distribution and target height
8th Space Debris Workshop 5
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ADR effect (S/C and R/B)
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Distribution of ADR targets
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ADR effect (R/B <4000kg)

Number of objects (ADR:R/B max 4000kg kp=2.6/step=5.0)
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— Number of objects (ADR:R/B max 8000kg kp=2.6/step=5.0)
-=- No ADR
—— ADR 1 object/year
50000 4 —— ADR 5 objects/year
Y
‘G 40000
=
=)
[¢)
-
=]
4 30000 -
v Target objects
g are less than 5
£ 20000
w
10000 4

Year

Debris EN with ADR index

0 T T T T T T T T T
2013 2033 2053 2073 2093 2113 2133 2153 2173 2193 2213

8th Space Debris Workshop

Distribution of ADR targets
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ADR effect (R/B < 8500kg)
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Distribution of ADR targets
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Distribution of Collision Probability
1. Collision probability trend (ADR: 1 object per year)

Collision Probability vs Collision Target (S/C,R/B)

3500

Collision probability is absolutely small
number, but number of collision objects
is not so small.

ADR should be effective for
suppressing the debris generation.
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Effect of Fragment ADR
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Year
Effective Number of Fragments/Intact ADR

—— ADR_fragments (catastrophic collisions)

14 ADR_intacts (catastrophic collisions)

10

Catastrophic Collisions

2000 2020 2040

JAXA-SP-18-011

baseline (catastrophic collisions)

2060 2080 2100 2120

Year
Collision Number of Fragments/Intact ADR

ADR of intact debris objects rather than fragments can reduce future
increases in the volume of debris objects.
Fragments that are too small to be tracked for collision avoidance
maneuvers should be reduced by ADR of intact.

8th Space Debris Workshop

Sample configuration of Mega-constellation

+ Simulation of Mega-constellation should be
dependent on the configuration.

» Simulations are carried out according to the
following conditions.

1000 satellites @1200km alt.

Items Values

Mass 150 kg

Average cross-sectional area 3.0 m?

Semi-major-axis 7578.14 km

Eccentricity 0.0001

Inclination 75 deg

Orbital plane 20

Right ascension of ascending 360/20 = 18 deg / orbit
node plane

Argument of perigee 0.01 deg

Mean anomaly 360/50 = 7.2deg / satellite
Phase difference angle 0.36 deg

8th Space Debris Workshop
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Example of debris population on Mega-constellation
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* More than 95% PMD may achieve stable debris increment.
» Longer system operation generate more debris according to the total
number of satellites. Effective debris mitigation should be required.
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Effective Number

2120 2000

PMD failure
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« Positive effects of ADR for large constellations
— ADR under five years after PMD failure is effective to remediate the environment.

— Five years rather than 20 years after PMD failure is more effective, thus making the early

implementation of ADR is quite important.

8th Space Debris Workshop
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Effect of PMD Success
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Conclusion

1. The index “Collision rate x mass” is useful for
fragment/debris mitigation
.  ADR of > 8000kg target is effective for debris mitigation.
Il. 5R/Bs per year ADR occur the lack of target R/B.

lll. ADR of intact debris objects rather than fragments can reduce
future increases in the volume of debris objects.

V. Collision probability is absolutely small number, but number of
collision objects is hot so small. ADR should be effective for
suppressing the debris generation.

2. PMD rate and ADR success

.  ADR after PMD failure is effective to remediate the environment.

IIl. Higher PMD success rate may be generated more debris around
disposal orbit.

lll. For the long-term debris mitigation high PMD success rate is
important.

8th Space Debris Workshop 17

This document is provided by JAXA.





