%60 [AR—AFT TV~ ayT | #HERHE 93
B1

HEDT 7 EERE DB

Current situation of the international space debris mitigation standards

DN B (= H M2 A0T 90 BR e )
Akira Kato (JAXA)

A= AT TYDFEE DB 1 LG E DD DRED T DINEC T AR T AL D3k % 72 [EIBE RS | [E oB
. FHEEZREMORITEIN TN D, [E B UE LS (1ISO) THHE 4 OB CHEIFL A — M RATL ., Bl
FELTERRAIEEAHT T0D, ZNOBREOEFZHEN L, ot RO IEE L TR T 5, $2, 8L
ERARNBIREL, flEMEEF DT TV KRG EA~=a2T7 )V | OB EEHAT D, ZOT =27 /112
T ISO OF 7T U RIEE O RFANITIRE TE VAT AL~ UL IR— R L~ UL ETOT 7 U RREE
O SAVAFEICEME CED LA TD,

Several debris mitigation standards and guidelines have been developed in the international organizations, the
administrations of national governments, and national space agencies. The international organization for
standardization (ISO) has also developed and being developed various debris related standards and technical
reports. This presentation will introduce them and show the comparison among them. Also the current work to
develop the “Space Debris Mitigation Design and Operation Manual” for spacecraft and launch vehicle orbital
stages, which were submitted from Japan, will be introduced. This manual will support the space engineers to
understand the total concept of the debris mitigation measures in ISO, and present recommendable activities
with the hardware oriented manners for design and operation of the spacecraft subsystems and components.
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1LEEIRELTIUEREYRY
Orbital Environment and
Risk of Debris Impact

Figure 1 Number of Objects Newly Observed or Decayed (or Escaped) Every Year
(Ref. Data from Satellite Situation Report / Space-Track / USSTRATCOM, @June 25, 2012) (processed by A. Kato)
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Fig.-2 Number of Orbital Objects observed from the ground by US

(size >10 cm in LEO, size > 1 m in GEO) @2014-9-3
A0V
17000 g Fragments
£ 16000 @ Rocket bodies
6 150007 m Payloads
'§ 14000 -
& 13000 -
g 12000 -
£ 11000 -
§ 10000 -
'-g‘ 9000 -
s 8000
i 7000 -
g 6000
; 5000 - f
R il
£
g o IIIIII
1000
0 -----...IIIII . M M .
N O S OSSO NSO oA r~ m onmn~-»N m un I~
3388888885838§§$§ 222888 888§
HH'-I!-C'-iﬂHﬁﬁﬂﬁﬂHHﬂﬁv—lv—lv—ld-—lﬂNNNNNNN
AD year
5

Fig.-3

...........................................

i 0.2mm: Exposed cable is

Impact probability  damaged, honey-com

@1000km in altitude

(events / m?/year)

¢ . :
H pg_nel is penetrated : W01 Diameter: 0.01 (om)
Ribress B Do g o
1000 | >S16events/years b " , 03 Diameter: 1,00 (em)
____________________________________ N L ______________. |M04Dpiameter 10.00 (cm)
100 ________________j_ = e '____ ) Wos Diameter: 100.00 {cm)
- ; Lratratianarrarmrm e rhe e - -
0 7 — N/ -1 0.5mm:Aluminum plateis ioo-n, e
. penetrated :
0.1 Tt Al T A P
107 e x1a5 | ; “
_________ 6*10 —o—ti 1em:STS i Epoch: 2011
103 ] events/year i cargo-bay | period: one year
dar'r]_a"ged Inclination: 98 degree
L 10 +t 1 Area: 1m2
. T 1 Impactor: Meteoroid and debris
10° events/year NU. .. | S e e————
08 e N
107 [T LA : - !
R 3*106 || N .
-8 - T [ | e -- -
S events/year
109

2000 600.0 1000.0 1800.0

Altitude(km)
Number of annual Impact according to Altitude (Analyzed by DAS-2/NASA) 6

This document is provided by JAXA.



H6E [RAN—2F TNV —r a7 ) MEERME 97

2. TDHREER

Major factors of debris generation

Fig.-5 Causes of Debris Generation and Mitigation Measures
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Data from a report of ESA presented at UNCOPUOS/STSC Conference held in February, 20491
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Fig. 7: Distribution of Causes of Debris According to the Number of Fragments

Causes of Fragmentaion Ranked by Number of Fragments (Events
gerated fragments more than 10)
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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. 2
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Global Debris Mitigation Standards
and Guidelines
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Concept of Debris Mitigation .
Requirements in JAXA ';’};:%;l
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The requirements are almost common including other various standards and guidelines.

Measures ISO Standards (or Technical Reports) JAXA (JMR-003B) TADC Guidelines &
g General 1def1 to refrain 1SO-24113/ § 6.1.1 Required § 5.1
S from releasing objects
§ S | Slag from Solid Motor 1SO-24113/ §6.1.2.2, §6.1.2.3 Required -
N S
::: § Combustion Products 1S0-24113/ §6.1.2.1 Combustion products
E I~ from Pyrotechnics (Combustion Products < 1 mm) <1 mm -
=
§ Intentional Destruction I1SO-24113/ §6.2.1 Required § 523
¥ 3 g Accident During 1S0-24113/ §6.2.2 Required (Monitoring) § 522
‘§ 'T: § Operation (Probability < 10-%) (Probability < 10-%) (Monitoring)
= S & [ Post mission Breakup I1SO-24113 / § 6.2.2.3 (Detailed in ISO-16127) X
o o } Required §52.1
(Passivation, etc.) (Probability < 10-3)
o §S603-22421~1322 5§k6"12 %‘ggﬂedci" ISAO/-26872) 235 kmr+ (1,000 * Cr + A/m) § 5.3.1
< | & Reorbit at EOL i ”;<(0’003 T+ Am), € <0.003 235 km+ (1,000 - Cr - A/m),
S . .
S >
_8 §6.3.1: Success Probability > 0.9 Success Probability >0.9 e <0.003
-]
0 Q - iled i -
29 _ | Reduction of Orbital és603 1411 '13E/O§ i;;ig)ztill;g;:;rsso 16169) 1 EOL Lifetime < 25years § 532
25|09 Lifetime A ili
° E § §6.3.1: Success Probability >0.9 Success Probability > 0.9 | (Recommend 25 years)
%] o 1SO-24113/ § 6.3.3.2 (f) . Mentioned in
w .
- Transfer 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 1S0-27875) | Controlled with Ec § 532
Collision Avoidance with Large Debris 1ISO-16158 Required (CAM, COLA) §54
Protection from Impact of Tiny Debris 1SO-16126 Required § 54 13

2

Activities in ISO
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Set of standards in ISO./ TC20./SC14
as support tools for transferring space technologies to ensure the Quality, Reliability and Safety
ISO/TC20: Aircraft and space vehicles
I
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TR-18146

operated’in the debris environment
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1. FHEERT I EREE - ERR—aT7ILDBE
Scope of TR-18146
(1) TYUBERIEDHE I~ D x L

Since there are so many debris related standards, engineers must refer many of
them, and pick up the requirements for their responsible work from them.
Need a catalogue of standards and comprehensive linkage among them
(2) IT—ARFSU= Y ~DEFE G
Since the some debris mitigation requirements should be take into consideration from the early phase,
Need a table to encourage the timely practices along the phased plan.

) RAFEMNER~DEMFAE

High level standard (1SO-24113) presents requirements simply, and various
medium level standard present what should be done. Need practical guidance

but not in strict requirements rather as informative and soft -document as a
Technical Report.

(4) YT RT L - R BEFHE~DHEREIEE

Since high level requirements in 1ISO-24113 and medium level requirements are

presented in objective oriented manner, while engineers need to be shown in
hardware oriented manner.

Need integration of requirements and help to convert them into design
specifications and allocate them to the lower subsystems and components

[Detail requirements are not imposed in this manual, but soften informative
recommendable practices are provided to support sub-system engineers.]

17

S2R A7 Structure of TR-18146

1. Scope
v
2. Related Documents (ISO-STD system)
¥
3. Requirements and system-level methodologies for complying with them
Debris Mitigation(MRO, Break-up, Disposal) , Ground Safety from Re-entering Objects,
Protection from Debris Impact
v
4. Consideration in Development Lifecycle
Requirement Analysis & Definition, Conceptual Design, Definition of System,
Preliminary & Detail Design, Operation, & Disposal (re-orbit, re-entry, etc.)

|

5. System Level Considerations
Mission Analysis and Design, Allocation of resources (Mass, Propellant & Power)
v
6. Subsystem/Component design and operation

(How to design their sub-system to comply with requirements for Refrain from releasing parts,
Breakup prevention, Operation for disposal, Ground safety, Re-entry control, Collision avoidance,

Protection from Impact of tiny debris.)
i 2 {1/ V2 YV
P . Orbit & Attitude Electric Power TT&C Structure &
ropulsion
Control Sub- Control Sub- Control Sub- | | Thermal Control
Sub-System
System System System Sub-System
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Requirements and system-level methodologies (Clause-3in TR-18146)

(1) rationale or justification of requirements in high level standards (24113, etc.)
as a support document for them, and

(2) what should be done, and work break-down for that,

Typically, works are broken-down and presented as following table.

Low level STDs will be introduced to see the detail. (Linkage will be cleared.)

Example: Table-1 Work breakdown for preventing orbital break-ups

Process Subjects Major works
Identification of Identify components that may cause fragmentation during or after
sources of breakup operation. (IS0-16127)
) (1) Prevent accidental break-up during operation. Provide functions to
Preventive . monitor symptoms of break-up.
m r Design measures (2) Provide functions for depleting stored energy sources at the end of
easures operation
(3) Prohibit intentional break-up. (1SO-16127)
b';gi)té?)l ittf\}eof B/U Limit the probability of break-up by reliability design. (1SO-24113)
f P : Periodically monitor critical parameters. Take immediate actions if the
Risk . (I;A(Je?ggglr?g during symptom of a malfunction that could lead to a breakup is detected.
detection p (1S0-16127)
: If this kind of condition is detected, terminate the mission operation, and
%Oe%%erres ng\ﬁggll\(/_%measures proceed to the disposal process
P Perform the disposal operations (1SO-16164, -2687219

Consideration in Development Lifecycle (Clause-4)

Major works related to debris in each phase

Phase | Pre-phase A: Mission analysis phase

Phase A: Feasibility phase

Phase B: Definition phase

Phase C: Development phase e

Phase F: Disposal phase

safety
mozauseas) | 3)

Subjects Phase D: Production phase
. o . - 1) Propellant allocation (including P . . -
< _ 1) Input debris related requirements disposal, callision avoidance, 1) Transfer debris-mitigation | 1) Final determination for
ystem 2) Clarify debris related design controlled re-entry, etc.) plan to operators. disposal action {including
level philesophy and input them to the 2) Mass allocat}on {rislr'iclud.ing 2) Fix the procedure to disposal maneuver,
work system requirements & pro;;ction shislds, propellants for determine the operation break-up prevention,
specification debris issues, etc ) termination controlled re-entry)
Quality 1) Clarify QA design philosophy 1) Ensure that the probability of 1) ldentify a disposal action 2) Ensure that the
2) Define QA program including parts successful disposal, non-break-up, for use in case of failure. probability of successful
Assurance program and so on, are all high disposal is high
o n FIL;C_ t:: Fies_[:gr:ﬁ t.o “::_': Irel_l:aijsmg 1) Monitor critical parameters
imiting objects, lim eir orbital lifetime, i
- 5 S . to check _symptoms of crifical 1) \ent residual energy.
debris 1) Clarify debris-mitigation design etc. mafunctions that lead to 2) Terminate operation in
generation philosophy 2) Identify the energy sources of | break-ups or prevent " the proper sequence
) . disposal actions. Proper seq .
(I50-za1138.1) fragmentation, and design
measures fo prevent them.
1) Monitor the residual .
Disposal 1) Clarify dizsposal concept 1) Design a propulsion subsystem for propellant and identify the 1 E:D%Ornﬁ:r?:rﬁc;:fm?h
moznyven | 2) Estimate propellant for disposal the planned disposal maneuver. end-of-operation time in a rotected regions
fimely manner. P g i
1) Clarify re-entry safety concept
Re-entry 2) Define re-entry survivability 1) Design a propulsion subsystem ‘\\\‘

analysis method
Determine whether or not to apply
controlled re-entry

1) Conduct controlled

re-entry.

and affitude control system for
controlled re-entry, if needed.

1)
Collision | 2)

Clarify avoidance procedures
Define debrizs population model and

1) Perform periodic
conjunction analysis, and
determination of avoidance

-
—

Design a propulsion subsystem for
collision avoidance.

avoidance database to meniter the orbital 2) Allocate an amount of propellant -
objects fer avoidance maneuvers maneuvers, if needed.
1) Clarify protection design
Impact philcsophy 1) Pretection design for vulnerable "““xt
. 2) Define the debris population model components to guarantee disposal
protection functicn at least.

and ballistic limit equations.
Estimate mass for shielding.

20
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System Level considerations (Clause-5)

Debris mitigation measures effect on system design.

Clause 5 will present relation among mitigation works and following system design.
(1) Mission design

(2) Mass allocation

(3) Propellant allocation

(4) Power allocation

For example, followings are warned not to forget in allocation of propellant.
a. disposal operations r T
b. controlled re-entry, if it is planned
c. collision avoidance maneuvers

[\ —

Debris mitigation design
recommends not to forget
those factors.

Example: Propellant should be allocated considering
debris related consumption 21

Subsystem/Component design and operation (Clause-6) (1/2)
Clause 6 will show how the debris mitigation requirements will be converted to design
specifications and allocated to the lower sub-systems and components.

Sub-system engineers will grasp what they should do.

Table debris mitigation requirements and Linkage with functions allocated to sub-system

Necessity of subsystem-level functions
No Debris-related items and practices Pm%,ssi on ?8,&2 oo e [ Stuctur [ rrorma)
e
Decrease (control) the number of separation/release items
1 | a) Parts released from fasteners, etc.
. Yes Yes Yes
b) slag from solid motors Yes
Prevent break-up in orbit after the end of operation due to:
a) chemical explosion
2 . Yes
b) rupture of high-pressure vessels
) ) Yes Yes Yes
c) rotating devices Related
3 Monitor critical parameters to prevent break-up in orbit
during operation Yes Related Yes Related Related
Remove the spacecraft from protected orbital regions:
. a) Provide functionality for disposal maneuvers Yes Related
b) Measure residual propellant with high accuracy Yes Related
¢) Choose an operation terminating sequence Yes Yes Related
Ground safety from re-entering objects
a) improvement of survivability
. . . Yes
5 | b) prevention of pollution on the ground from toxic Yes Yes
substance, etc. Yes Yes Yes Yes
c) controlled re-entry
6 Collision avoidance for large objects
a) conjunction assessment, and collision avoidance Yes Yes Related
- Protection against the impact of micro-debris
a) protection design Yes Related Yes Related Yes Related

This document is provided by JAXA.
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Subsystem/Component design and operation (Clause-6) (2/2)

Following is an example of the propulsion sub-system. Debris related standards present various
requirements. Many of them are satisfied by propulsion engineers, but since they are not presented in
hardware oriented manner, those engineers must pick-up related requirements from them and
integrate them, and convert them into design specifications.

Requirements induced from debris STD

Large impulse for controlled re-entry Performance design for engines
Break-up preventive design

Reliability design
De-orbit maneuver

Collision avoidance maneuver Amount of Propellant
Survivability from debris impact I~
Tank, bottles and structure design

Demisability by heating during re-entry

[How should be done in lower-level
sub-system and components]

[What shall be done in system-level]
23
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