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Influences of MEGA Constellations on the Orbital Environment
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For the sustainable human space development activities, space agencies have developed their own orbital
debris environment evolutionary model, projected the debris environmental prediction considering various
future scenarios, and studied better mitigation ways. Currently, some companies are developing space
broadband network systems and planning to deploy hundreds or thousands of satellites into LEO, which might
impose enormous impacts on the debris environment. The influences of such large constellations, called
MEGA constellations, are necessary and urgent tasks to be evaluated. In Japan, JAXA and Kyushu University
have jointly developed the evolutionary model “NEODEEM”. Present study assumes a large constellation with
1,000 small satellites and evaluates its impacts on the debris environment. The mechanisms of the
environmental deteriorations are explained and then various scenarios are simulated and compared to each
other.

This document is provided by JAXA.
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Evolutionary Model

Orbital Debris Environment Evolutionary Model

Scenario | Initial Population

Launch (S/C, R/B, MRO) Explosion

Collision Fragments

Maneuver (Disposal)

Orbit Propagation

Orbit Perturbation

N E O D E E M 'l\\l/lizrjarth Orbital Debris Environment Evolutionary
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C tation A ti
MEGA constellation

Vs 5,.,. 5\\
1,000 satellites 1,200 km altitude (circular orbits) ; ’f’ "' \\
20 orbit planes Walker delta pattern " "\\

(i:tp/f = 75 deg : 1000/20/1 )

Constellation satellites

\
//

5 years mission lifetime 150 kg mass

3.0 m2 average cross sectional area 1000 satelhtes
Full service operation 2020-2049 (30 years)

Launch duration 2016-2049 (34 years)

Yearly launch 200 satellites

Total launch 6,800 satellites

EOL (End of Life) process Decay into lower and circular orbits
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Computation Scenarios

® Baseline (No MEGA constellation) scenario

» PMD success rate : 90% (for background objects and future launch
objects)

» Orbital lifetime after PMD : 25-year rule
> Initial population in LEO 16,000 (2013) (>10cm)
» 100 Monte-Carlo computations (for all scenario)

® MEGA constellation scenario

» PMD success rate : 90% (for both background or future launch
objects and MEGA constellation satellites)
> Orbital lifetime after PMD : 25-year rule

» CA (Collision Avoidance) : No collision of MEGA constellation
satellites while their mission lifetime (5 years)

This document is provided by JAXA.
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ReSU |tS Baseline & MEGA constellation
Cumulative number (2013-2113)

Baseline (No MEGA constellation)
MEGA constellation

Disposal orbits
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ReSU |tS Baseline & MEGA constellation

n

900 satellites 1000 satellites 2050

Disposal orbits

PMD success rate : 90%

100 satellites

Initial orbits

$patial Density in LEO [x103

o
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ReSU |tS Baseline & MEGA constellation
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Computation Scenarios

1000 satellites
PMD30%

1000 satellites PMD success rate : 30%
(Only for MEGA
constellation satellites)

=K

‘5" R "~

25-year rule CA : adopted

To evaluate the impact of PMD success rate

4000 satellites ,’ \
PMD90% ;‘.
- t’ « “’ ’“\“‘
4000 satellites PMD success rate : 90% W ' ,,,, ‘,"»'}
AN A
25-year rule CA : adopted \\&"""")/’
To evaluate the impact of the number of satellites 4000 satellites
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ResultsS pmp30% & 4000 satelites
Cumulative number (2013-2113)

Collision increase in disposal orbits
(short span effect)

Collision increase in initial orbits
(long span effect)

Number of Catastrophic Collisions
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Results pmpzo% & 4000 satelites

Number of objects
Disposal to lower orbits | Remain as intact debris on the

Scenarios (600-700 km) initial orbits (1100-1200 km)
1000 satellites

PMD90% 900 100

1000 satellites

PMD30% 300 700

4000 satellites
PMD90% : 3600 ; 400

1000 satellites 1000 satellites < 4000 satellites Y glo)at span effect
PMD30% PMD90% PMD90%

1000 satellites 4000 satellites 1000 satellites MeJgTs R LTa A4 {-Te1

PMD90% PMD90% PMD30%
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Computation Scenarios

80000 ‘ ’ |

1000 satellites yd
. ~ PMD30% Pl
How to mitigate? /
Long term impact //

mm) |nitial orbits

1000 satellites |
PMD90%

Effective Nurnber of £
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Computation Scenarios

1000 satellites
PMD30%

1000 satellites PMD success rate : 30% (Only for
MEGA constellation satellites)

25-year rule CA : adopted

1000 satellites into 1200 km orbits

1000 satellites
PMD30% altitude-separated

1000 satellites PMD success rate : 30% (Only for
MEGA constellation satellites)

25-year rule CA : adopted
500 satellites into 1100 km orbits, 500 satellites into 1200 km orbits
To evaluate the mitigation effect to long term impact
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ReS U |tS PMD30% & PMD30% altitude-separated
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Conclusions

® The influences of MEGA constellations can be huge in the
scenarios with large number of launch or lower PMD success
rate. Some proper measures must be taken.

® Two aspects of the influences.
» Short span impact on the disposal (lower) orbits.
» Long span impact on the initial (higher) orbits.
® The most critical factor to determine the impacts is the

number of objects inserted into each range of altitude as
intact debris.

® Possible ways to limit the impacts can be indicated through
the environmental analysis.

This document is provided by JAXA.



	(分割用)AA1630052001～052 466
	(分割用)AA1630052001～052 467
	(分割用)AA1630052001～052 468
	(分割用)AA1630052001～052 469
	(分割用)AA1630052001～052 470
	(分割用)AA1630052001～052 471
	(分割用)AA1630052001～052 472
	(分割用)AA1630052001～052 473
	(分割用)AA1630052001～052 474
	(分割用)AA1630052001～052 475
	(分割用)AA1630052001～052 476



