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For the purpose of effective utilization of the orbital environment, the environmental capacity tolerance of
insertions is studied using an orbital debris evolutionary model, developed in collaboration with Kyushu
University. By inserting multiple spacecraft into a specific orbit regime and observing the impact on the orbital
environment, the number of spacecraft that can be inserted into orbit (orbit insertion capacity tolerance) is
evaluated. In this presentation, the results of studying the orbit insertion capacity tolerance due to differences in
orbital regime, the number of inserted spacecraft, etc. Fig.1 demonstrates the difference in Effective Number of
objects in LEO (Low Earth Orbit: altitude 200 to 2000 km) with and without 3000 spacecraft inserted into
various orbital regimes. At altitudes below 800 km, natural decay due to the atmosphere may suppress the impact
of insertions (and the generated debris). At altitudes between 800 and 1000 km, however, a remarkable increase
in objects can be observed because of the many orbital residuals.

Fig.1 Difference of Effective Number :3000 Objects Injection (S50)

Number of Objects
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Study of the environmental capacity tolerance of insertions using
the orbital debris evolutionary model
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BeY « & (Purpose and Method)

- B# (Purpose)
- SEOPEREDEYERZENIC. PLELHEBETIVEZBVTIHTIEICYE (B =
BAL. 9BLREANDEFEEZRDICET, PERATENERE GBRAFSS) Z2FHT D,
»  For the purpose of effective utilization of the orbital environment, the environmental

capacity tolerance of orbital insertions (launch objects) is studied using an orbital debris
evolutionary model (NEODEEM), developed in collaboration with Kyushu University.

«  FE (Method)
- BESECECMEZERA. BALZNESCDLEED STMEBRENDFEEERND,
«  EN. EZERICKDIMERENDTZE D
BABE. RAKY, NEREDER (PMD. #8451 ) OEDOH
»  Investigate the impact on the orbital environment by comparing with and without inserting
objects at specific altitudes
» Evaluation of the impact of orbital environment by Effective Number and collision rate.

» Evaluation of the effects of insertion altitude, number of insertion objects, and differences in orbital
environment (orbit type, PMD)
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#HEBIRAT /N7 1 O (Evaluation)

+ R=231Y : IADC2018DHIIUE L DTHIC L DHEFBHER
c RPEICSE (S300~6000H) DREZRA
BB : 100kmiB (500~1500km)

BHMEK : 0.001 =0.0005 » Baseline: Evolutional results by initial orbital population of IADC 2018
MBIERNA : BIE+025E > Insert 300 to 6000 objects into the target orbit
SLEFE  COEBOEE+1E > Altitude! 100km width  (500~1500km)
PP S —— » Eccentricity: 0.001 = 0.0005
i EN. & %@%tﬁmﬁm » Inclination: Target = 0.25 degrees

> RAAN: 6 planes every 60 degrees = 1 degree
» Evaluate the impact of orbital environment by Effective Number and collision rate

Effective Number :3000 Objects Insertion (S50) Incremental Effective Number :3000 Objects Insertion (SS0)

Effective Number after 3000 Incremental Effective Number

objects insertion in each altitude. 2
Acknowledgement: Initial population are provided by ESA for IADC studies

BASEDLLE (Comparison of Insertion Altitude)
« SO0 ARDOSZSEDIEBILENLLER

» Comparison of normalized EN at each insertion
altitude (300 objects)

Insertion Altitude: 700~-800km

Insertion Altitude: 1000~1100km Insertion Altitude: 1100~-1200km Insertion Altitude: 1200~-1300km Insertion Altitude: 1300~-1400km Insertion Altitude: 1400~-1500km

w
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BASEDLLE: (Comparison of Insertion Altitude)
o S00HEBARFOZEEDIERLEZEZKLEE

> Comparison of normalized collision rate at each
insertion altitude (300 objects)

Insertion Altitude:500~600km Insertion Altitude: 600~700km Insertion Altitude: 700~800km Insertion Altitude: 800~900km Insertion Altitude: 900~1000km

e

Insertion Altitude: 1000~1100km Insertion Altitude: 1100~1200km Insertion Altitude: 1200~1300km Insertion Altitude: 1300~1400km Insertion Altitude: 1400~1500km

4

AMEE DR (Comparison of the Number of Insertion Objects)
« 300, 3000. 6000z AIFMDENLEER

* Comparison of EN at 300, 3000, 6000 objects
insertion
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BAEMDSESILLE (Comparison of the Number of Insertion Objects in each Altitude)
«  300~60001#R ADRNERZ2300HB B MIE T

- BASE : 500~800km
» Evaluate the effect of inserting 300 to 6000 objects

by EN equivalent to 300 objects
> Insertion Altitude : 500~800km

Incremental Effective Number (500 ~ 600km) Incremental Effective Number (600 - 700km) Incremental Effective Number (700 — 800km)

E - NBIDB000/201F6000 IR ARDIEZE1/20LTND T EZTR L TUND,
Remark: “6000/20” at the legend shows the value of the graph is 1/20 of real one. 6

BAMBDOSERILLE (Comparison of the Number of Insertion Objects in each Altitude)

+  300~6000%iz ADRIR 230018 S (DB T
+  BRASE : 800~1500km

> Evaluate the effect of inserting 300 to 6000 objects by EN equivalent to
300 objects
> Insertion Altitude : 800~1500km

Incremental Effective Number (800 — 900km) Incremental Effective Number (900 — 1000km) Incremental Effective Number (1000 - 1100km) Incremental Effective Number (1100 — 1200km)

Incremental Effective Number (1200 - 1300km) Incremental Effective Number (1300 - 1400km) Incremental Effective Number (1400 - 1500km)
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O ~N — -
:F 'V / \ \/T 1 EM@ (Evaluation of the Capacity Tolerance of Insertions)

« ENIBDIDRRETOLLE
- ENO#EBRI#CS00MIZAISOIE CIERIE LIZE TS

» Comparison at maximum increment of EN

» Comparison both the absolute number of EN and the normalized value
by EN of 300 objects insertion

Maximum Increment of EN Normarized Maximum Increment of EN

000/20

300 Objeats Insertion

Incremental Effective Number

600 ObJects Insertion

Incremental Effective Number

8
SMBIERBIREM (Dependency of Inclination)
« FBIERA . 30E. 85E. O8E TCODLLE
» Inclination for comparison : 30, 85, 98deg
9
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> Difference between Baseline Objects PMD 90% and 60%

Baseline Objects PMD : 90%

Incremental Effective Number :300 Objects

S/483
Eﬁ%

insertion (PMD:90%)
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(Effect of Baseline Objects PMD)
PMD90% & 60% D EEER

Baseline Objects PMD : 60%

FEH Summary

BEDFBE\DFEMDEBASBTEZLZ. HBETIVICKDFRITDI—FEEmUE,
g8 iR E (Effective Number) [C K251

>

BANBDEEDSEDPMDETERIMEAICTED.

ncremental Effective Number :300 Objects Insert tion (PMD:60%)

Without ObJects Insertion
o
-
g /o
o wasio 7
500100 -
100120 LA
. i N
2,
/

10

SETOOkMM T TIE, LAMENGHTE NI DLH. BAFSENDOTESNS),
SE800~1000km TIFEERIENNR 5N D,
RIROME TMEDTDZNSE TR, BAEDEGE EIAEDIENZESIESE LTINS,

The method for evaluate the orbit insertion capacity tolerance by
checking the impact on the orbital environment using the orbital
debris evolutionary model is shown.

Evaluation by Effective Number

> At an altitude of less than 700 km, insertion objects fall in a short period, at 800

- 1000km, they cause a significant increase of Effective Number.

» Suitable selection of insertion orbit and high PMD compliance rate are important.

11
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Backup sheet

Debris evolutionary model (NEODEEM)

Initial Input :
Set the scenario
Initial population

Population Transfer: (Selectable)
Traffic Model: New Launch (8-year cycle)
Explosion: Anz-Meador Model(MC)
Maneuver: PMD(MC), ADR(MC)

Collision: Anz-M Model (MC)

Collision avoidance

Propagation:
Earth Gravity (Zonal4t/Tesseral)
Air Drug (Jacchia-Roberts/Jacchia-Bowman)
SO]ar N Lunar attraction d = desired distance tolerance

Solar Pressure Ar= distance between objects
Collision Sphere Model
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