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Global Debris Mitigation Control and Corresponding Activities in JAXA
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Debris mitigation effort is being progressed by the guidelines registered by the United Nations, and IADC,
standards by the International Standardizing Organization (ISO), and other standards registered by the national
governments and space agencies. The primary objectives of these rules are “Prevention of Break-ups”,
“Limitation of Releasing Objects during Operations”, “Disposal of Mission Terminated Spacecraft and Launch
Vehicle Orbital Stages from the Useful Orbital Regions (with considering ground safety from the re-entering
objects)”, “Avoiding damage caused by on-orbital collisions or impact”. Last February JAXA revised its
Space Debris Mitigation Standards to be equivalent with “ISO-24113 Space Debris Mitigation Requirements”.
It will enable that the space system manufacturers deliver the merchandizes which comply with global debris
mitigation guidelines through the process that they try to develop the technology to comply with the JAXA
standard. In near future, the international trade market for spacecraft and launch services may add a
requirement to consider the orbital environment as a coessential condition to apply the contract. JAXA is
providing not only regulations but also various kinds of analysis tools and support documents to support
industry.
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1. Debris Mitigation Rules and
Their Background

Number of Objects Newly Observed or Decayed (or Escaped from Earth Orbit)
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Figure 1 Number of Objects Newly Observed or Decayed (or Escaped from Near Earth Orbit)
(Ref. Data from Satellite Situation Report / Space-Track / USSTRATCOM, @June 25, 2012) (processed by A. Kato)
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Fig.-2 Causes of Debris Generation and Mitigation Measures
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Fig.-3 Structure of JMR-003B

JMR-003B: JAXA Space Debris Mitigation Standard
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2. Global Situation and
JAXA Standard

Fig.-4 International Framework for Debris Control
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Table-1 global debris mitigation rules and JAXA standard
JAXA-003 was revised in the following yellow-colored parts
Measures ISO Standards (or Technical Reports) JAXA (JMR-003B) TADC Guidelines 8
g General 1de_a to re_fram 1S0-24113/ § 6.1.1 Required § 51
£ from releasing objects
E % Slag from Solid Motor 1SO-24113/ §6.1.2.2, § 6.1.2.3 Required -
s S
§ § Combustion Products 1S0-24113/ §6.1.2.1 Combustion products
li ] from Pyrotechnics (Combustion Products < 1 mm) <1 mm -
£
§ Intentional Destruction 1SO-24113/ § 6.2.1 Required § 523
4 3 g Accident During 1SO-24113/ §6.2.2 Required (Monitoring) § 522
E ‘§ § Operation (Probability < 10-3) (Probability < 10-%) (Monitoring)
~ é 3 Post mission Breakup 1SO-24113/ § 6.2.2.3 (Detailed in 1SO-16127) Required § 591
(Passivation, etc.) (Probability < 103) equire 2.
° ?603'22421_132/351{6'1'2 % e(;;“edci“ ls:/-zssn) 235 km+ (1,000 + Cr + A/m) § 53.1
< | & Reorbit at EOL e n:<(0’003 T+ Am), ¢<0.003 235 km+ (1,000 + Cr - A/m),
L ) ility >
- E §6.3.1: Success Probability > 0.9 SRR H L 17 200 € <0.003
c O
=3 IS0O-24113 / § 6.3.3 (Detailed in ISO-16164 .
53 Reduction of Orbital | ¢ ¢33 1, E01§, Lifetiinee ZIZES)::ars " | EOL Lifetime <25years 5532
25| 9 Lifetime D ili
° E § §6.3.1: Success Probability >0.9 Success Probability = 0.9 (Recommend 25 years)
% | o 1S0-24113/ §6.3.3.2 () . Mentioned in
w Transfer t .
~ ransfer to Graveyard (guarantee 100 years’ non-interference) Required recommendation-6
Other manners 1S0-24113/ §6.3.3.2 (a) ~ (e) - § 532
Re-entry Ground Casualty 1SO-24113 / § 6.3.4 (Detailed in 1SO-27875) Ec<10% § 532
Collision Avoidance with Large Debris 1ISO-16158 Required (CAM, COLA) §54
Protection from Impact of Tiny Debris 1SO-16126 Required § 54
. . . === )
Fig.-5 Structure of ISO Major Debris Related Standards (__ Jnotpublished yet
TR: Technical Report)
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Current Status of JAXA Debris Mitigation Standard

» Last February JAXA revised its Space Debris Mitigation
Standards to be equivalent to “1SO-24113 Space Debris
Mitigation Requirements”.

« Then the effort of the Japanese spacecraft manufacturers to
comply with the JAXA standard will ensure that their
merchandizes would be accepted in the global market.

* In near future, the international trade market for spacecraft
and launch services may require to consider the preservation
of the orbital environment as an essential condition.
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3. Support Documents and
Analysis Tools
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JAXA is providing various documents and analysis tools to support industry.

Table-2 Tools and Documents to Support Debris Mitigation Design and Operation

Subjects

Support Tools and Documents

1 | General Mitigation Tec.
-Collision probability

- Orbital Lifetime

- Required Fuel for disposal
-Re-entry survivability

(1) JERG-0-0-002A: JMR-003B Support Handbook

(2) JAXA/DEMIST (Debris Mitigation Assessment Tool)
(3) NASA/Debris Assessment Software (DAS)

(4) JAXA-CAA-111003: L/V Debris Mitigation Design &

Operation Technique

(5) JAXA-CAA-TBD : S/C Debris Mitigation Design &
Operation Manual (to be released in 2013)

2 | Debris Population Model

(1) ESA/MASTER-2009, NASA/ORDEM

3 | Orbital Lifetime

(1) JAXA Orbital Lifetime Analysis Tool (B 55 & #l| Z% & {18 )

4 | Protection Design

(1) JERG -2-144 Debris Impact Survivability Assessment STD
(2) JERG-2-144-HBO0O01 : Debris Protection Design Manual
(3) JAXA/TURANDOT (tool for debris impact probability and

damage analysis)

5 | Re-entry Survivability

(1) ORSAT-J (being revised every year)
(2) CAA-109029: Re-entry analysis Manual

Fig.-6 Support system for protection design
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Fig.-7 Support system for re-entry safety ' Subjects
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4. Further Subjects

This document is provided by JAXA.



72

FHMTZEWFTE B AR AR RIS B JAXA-SP-13-018

1000 2000

=3

1000

1090-025 FENGYUN 1C DES  —

1993.036 COSMOS 2251 DEB  eec—
1994029 PEGASUSDEB s
1997051 IRIDIUM 33 DEB e
2006-026 COSMOS 2421 DEB  ms
1986-C19 ARIANE 1 DES
1965082 TITAN 3C TRANSTAGE DEB  hsws

W In orbit
¥ Decayed

1970025 THORADAGENA D DER  mmmw 0 10 20 30 40 50
2001-049PSLVDEB  meen L n
o= 1999-025 FENGYUN 1C DEB
1‘99905!773;: gi: 1993-036 COSMOS 2251 DEB
985 e 2001-049 PSLV DEB
1931053 COSMOS 1275068  ms 1992-088 COSMOS 2224
1961015 THORABLESTAR DES s 1997-051 IRIDIUM 33 DEB
1979_017 wLw'ND DEB a— 1986-019 ARIANE 1 DEB
) { 1994-029 PEGASUS DEB
’975’052 DELTAL DEB _— 1997-042 ABS 5 (AGILA 2)
1969082 THORADAGENAD DES maw 1999-057 CZ-4 DEB
1978026 DELTA 1 DEB  mmn 2012-025 H-2A DEB |
1976072 COSMOS B4 DEB e Other idenktified Obiects |
- Origin Unknown Object
1992'09.3 51.716 OES. Approaching Objects to JAXA S/C
1972-058 DEUALDEB  pom and their Ranking for Probability

Fig.-8: Top 20 space objects which generated many debris

(data from the Space Situation Record of USSTRATCOM, dated June 2012)

Causes of Fragmentaion Ranked by Number of Fragments {Events
gerated fragments more than 10)

Aesodymamics Others/Unknown

%\ e
deposalfom. | e
spacestation . i S

3%

tntortional \
29%

Post-operation

Break-ups by
propulsion systems
25%

Fig.9: Distribution of Causes of Debris According to the Number of Fragments

The objects which generated less than 10 objects were excluded.
The events were assumed as “induced by failure” when spacecraft generated fragments within 5 years
after launching, or the launch vehicles caused break-ups on the same day of launching.
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Fig.-11 Failed components in the “attitude control” and “power control” sub-system
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Further subject

Prevent from being repeated by newcomers

Historical One Cycle in Advanced Nations

Global Control
and
Cooperation
for Mitigation

Challenging in environmental
space
technology

To prevent another cycling
among newcomers

Monitoring and
Modeling
Protection and
E> Avoidance
Transparency and

|:> Confidence
Building

Measures
E> Remedy of
Environment

x*

Sharing knowledge and Attention to

ISO activities

experiences through I1SO

Attention to the UN
Activities on Long-Term
Sustainability of Space
Activities

This document is provided by JAXA.





