TECHNICAL ISO/TR
REPORT 20590

First edition
2017-02

Space systems - Debris mitigation
design and operation manual for
launch vehicle orbital stages

Systémes spatiaux - Conception pour l'attenuation des débris et
manuel d’utilisation a étages orbitaux pour les véhicules de fJancement

Reference number
ISO/TR 20590:2017(E)

©1S0 2017



https://standardsiso.com/api/?name=22e1ec2e112d3e71cfe94fddbcbaca14

ISO/TR 20590:2017(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2017, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

www.iso.org

ii © ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=22e1ec2e112d3e71cfe94fddbcbaca14

ISO/TR 20590:2017(E)

Contents Page
FOT@WOT .........oocccc e85 55858555555855 8 5555 \%
IIMETOUICEION. ..ot vi
1 S0P ... 1
2 NOTTNATIVE FEECI@INICES .........oocco e 1
3 Terms and AeFIMITIOIIS ... 1
4 Related documents and abbreviated terms and symbols w1
4.1 Overview of ISO debris-related standards...........ce w1
4.2 ISO debris-related standards for launch vehicles as of 2016 2
4.3 Spacecraft related ISO Standards ...y e e 2
4.4 Other ISO StANAATAS ......cccccuovvviviircsininsnsisesssesssssssssssssssssssssssssesssssssssses g ssssssssssssssses s 3
4.5 Other documents
4.6  Abbreviated terms
5 Requirements in ISO Standards and system-level methodologies-for complying with
the requirements
51 General. ...
5.2 Refrain from releasing objects.....
5.2.1  REQUITEIMENTS ..ot faemeeseeesseesesees oo
522 WOrK breaKdOWn ... Wi
5.2.3 Identification of released objects annd design measures
5.3 Break-up prevention ... S0
5.3.1  ReqQUITEMENTS ..o @i
532  WoOrk breakdOWn . ... 50
5.3.3  Identification of the sources of break-up ...
5.314  DESIZN MEASUIES ..ot 88 sttt
5.3.5  Monitoring during OPerations........o e
5.3.6  Preventive measures for break-up after mission completion
5.4  Disposal manoeuvres dtithe end of 0peration ...
541 REQUITEIMEIIES) ..o
5.4.2  Work breakdown.
LT 55 TN 11 2 I ' 13- (o) o 1O
5.4.4  GEQ niission and other high-elliptical orbit missions
55 Ground safety from re-entering 0bJECtS ...
5.5.1 .“Requirements
5.5,2)" WOTK DIreaRAOWIL ...
553 PreventiVe MEASUTES ... oo
5.5.4  Risk detection: Notification ...
5.5.5  Countermeasures: Controlled re-entry and Monitoring
5.6 Collision avoidance...
S5Y7 REHADIITY AN QA ..ot
6 chl ;D I Clatcd vwul l\ ;ll thc dcvc}upulcnlt lifcby \,}U ......................................................................................................... 17
6.1 GENETAL..oooe s
6.2 Concept of debris-related work in each phase
6.3 Mission Requirements Analysis Phase (pre-phase A).......e, 20
6.3.1  General... e
6.3.2  Debris-related works
6.4 Feasibility phase (PRaS@ A) ...
6.5 Definition phase (Phase B ...
6.5.1  Workin phase B
6.5.2  WOTK PIOCEAUTE. ...ttt
6.6  Development Phase (PRaSE C) ... 21
6.7 Production phase (phase D)
6.7.1  WOTK N PRASE D oo

© 1S0 2017 - All rights reserved iii


https://standardsiso.com/api/?name=22e1ec2e112d3e71cfe94fddbcbaca14

ISO/TR 20590:2017(E)

6.7.2  Qualification review

6.7.3  Launch service.............
6.8 Utilization phase (phase E) ...
6.9 DiSP0Sal Phase (Phase F) ...

7 System-level CONSIA@TATIONS .............occci e
7.1 SYSTOIMI A@SIGIN. ...
7.2 Mission analysis for each launch MiSSION ... 23

8 Subsystem / Component design and OPeration ... 23
8.1 013 1T) -

8. T.T _Scope
8.1.2  Debris-mitigation measures and subsystem-level actions for realizing them..".24
8.7 PropulSion SUDSYSTEIM.......ccccuiiiiiiiiciiiciisesesssesssss st () e
8.2.1  Debris-related design ...,
8.2.2  Considerations for propulsion subsystems......
8.2.3  Considerations for component design.........
8.3 Guidance and control subsystem ...
8.3.1  Debris-related deSIZNS ... Do
8.3.2  Considerations for the guidance and control subsystem. £\ .. 28
8.4 Electric power-supply subsystem
8.4.1  Debris related deSi@N ... e
8.4.2  Considerations for pOwWer SUDSYStEIMS. ...y 29
8.4.3  Consideration in component design
8.5 Communication subsSysStem ...,
8.5.1  Debris-related deSIGNS ...yt M sttt
8.5.2  Design of communication SUDSYSEEIM ..o
8.5.3  Considerations for component design:=
8.6 SEFUCTUTE SUDSYSTEIM ..o et
8.6.1  DeSIGN MEASUIES .....occcoooeiinieiriiee it ottt
8.6.2  Practices for structure subsystem........
8.6.3  Considerations for component design...........
8.7 Range safety subsystem (Self-destruct subsystem)........nn
8.7.1  Debris-related deSignS . ...
8.7.2  Consideration for.command destruction subsystem
8.7.3  Considerationsfor component deSign ...
BIDLIOZTAPINY ..o e 33

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=22e1ec2e112d3e71cfe94fddbcbaca14

ISO/TR 20590:

Foreword

2017(E)

The International Organization for Standardization (ISO) is a worldwide federation of national
standards bodies (ISO member bodies). International Standards are generally prepared by [SO technical
committees. Each member body interested in a subject for which a technical committee has been
established has the right to represent that committee. International organizations, both governmental
and non-governmental, in liaison with IS0, also take part in the work.

ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization

T

degcribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria need
diffferent types of ISO documents should be noted. This document was drafted in ac¢ordanc

ed

At

pa
an
on

An|
co

Fo
ass

pr

Th
SC

procedures used to develop this document and those intended for its further mainhtepance are

torial rules of the ISO/IEC Directives, Part 2 (www.iso.org/directives).

ention is drawn to the possibility that some of the elements of this document may be the
fent rights. ISO shall not be held responsible for identifying any or all/’such patent rights.

the ISO list of patent declarations received (www.iso.org/patents):

nstitute an endorsement.

nciples in the Technical Barriers to Trade (TBT).

e committee responsible for this document is:ISO/TC 20, Aircraft and space vehicles, Subd
14, Space systems and operations.

ed for the

b with the

subject of
Details of

y patent rights identified during the development of the document willbe in the Introduction and/or
y trade name used in this document is information given for the convenience of users andl does not

F an explanation on the meaning of ISO specific termis_and expressions related to the cpnformity
essment, as well as information about ISO’s adherence to the World Trade Organizatipn (WTO)

ommittee
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Introduction

Coping with debris is essential to preventing the deterioration of the orbital environment and ensuring
the sustainability of space activities. Effective actions can also be taken to ensure the safety of those on

the groun

d from re-entering objects that were disposed of from Earth orbit.

ISO 24113 “Space debris mitigation requirements,” and other ISO documents, introduced in Clause 4,
were developed to encourage debris mitigation. Table 1 shows those requirements together with the
recommendatlons in the Unlted Nations Space Debrls Mltlgatlon Guidelines and the lnter-Agency Space

Debris Cog

guidelineg.

Table 1 lig
equivalen

In Clause

In Clause
provided.

In Clause
highlightg

In this do
relevant t

“[Informagion].”

ts the main debris mitigation requirements defined in the standards and comparés them| to

recommendations published by the UN and the IADC.

b, the main space debris mitigation requirements are reported and analyzed.

d; while in Clause 8, the impacts at subsystem and component leyels are detailed.

fument, where the content is not directly required by existing ISO Standards but conside
0 launch vehicle orbital stages operations or design and debris mitigation, it is labelled

b, the guidance for life-cycle implementation of space debris mitigation related activities qre

7, the system level aspects stemming from the space debris miitigation requirements gre

ed
as

Vi
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Space systems - Debris mitigation design and operation
manual for launch vehicle orbital stages

Thiis document can be used to guide engineers in the application of the family of space.debris 1

sta
are
thi

2

ndards (see 4.2) to reduce the growth of space debris by ensuring that launch yehicle orb

oughout their orbital lifetime.

Normative references

Thie following documents are referred to in the text in such a way that some or all of the

co
un

hstitutes requirements of this document. For dated references,; only the edition cited aj
dated references, the latest edition of the referenced document (including any amendment

Thiere are no normative references in this document.

Fo
sta

IS(

4

4,

Terms and definitions

- the purposes of this document, the terms<nd definitions given in ISO 10795:2011 and
ndards listed in 4.2, 4.3, and 4.4 apply.

[EC Electropedia: available at http://www.electropedia.org/

[SO Online browsing platfosm: available at http://www.iso.org/obp

Related documents and abbreviated terms and symbols

1 Overview of ISO debris-related standards

Thie requifements, recommendations, and best practices for mitigating debris gener

pr

eventing other debris related problems are examined in this clause.

for launch

mitigation
tal stages

e designed, operated, and disposed of in a manner that prevents them front generating debris

ir content
plies. For
5) applies.

the other

and [EC maintain terminological.databases for use in standardization at the following addiresses:

htion and

[

ure 1 shows a general diagram of major ISO documents related to debris.

©lI
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24113
Space debris mitigation requirement Collision
i Y, I Vi avoidance with
§ 6.1 Refrain §6.2 § 6.3 Disposal §63.4 manned systems
from releasing Avoiding from protected Re-entry
of objects break-ups regions risk
\
T 20893 e X 16‘699 -
] 20893 ) i : 27875
| [Prevention of break-ups | Disposal of Re-entry risk
| qf orbital launch stagpes : orbital launch managenl;%nt for
- - stage unmanned
T eSSBS - vy ey P .| spacecraft & launch
: Raference | | i vehicle orbital Stages
: 26872 16164 : ¥
' 16127 ; i | TR-16158
i| Prevention of Disposil. ot Dlsszﬁgﬁ?tleﬂf : Avoiding eollisions among
| brdak-ups of SAtE L operatine in | orbiting\objects: Best
il u '1marmetg1 ge(:)g;ll’l%::tllll;gn?)tus ; o crossgng : prgctices,tdata q
I spacecraft : ! requirements, an
| } ' altitude lov;l%?{t . | ope?‘ational cohcepts

Prp—

o

4.2 IS0

The folloy
expected
store.htm

(1) 102
(2) 1SO 2
(3) IS0 1
(4) 102

27852
Orbit lifetime
estimation

TR-20590
Space Systems - Space Debris Mitigation Design and Operation
Guidelines for Launch Vehicle Orbital Stages

___________________________________________________________________________________________

Figure 1 — Structure of major debris related standards for orbital stages

debris-related standards for launch vehicles as of 2016

ving ISO Standards havelbeen developed to address space debris mitigation. Readers {
to confirm the most up-fo date list of ISO standards (available at http://www.iso.org/iJ

ire

o/

Also for 4.3 - 4.5).
1113:2011, Spacesystems — Space debris mitigation requirements
/852:2011,Space systems — Estimation of orbit lifetime
h699:2015, Space systems — Disposal of orbital launch stages

D89.3; Space systems — Prevention of break-up of orbital launch stages

4.3 Spacecraft related ISO standards

(1) ISO 16127:2014, Space systems — Prevention of break-up of unmanned spacecraft

(2) 1SO 16164:2015, Space systems — Disposal of satellites operating in or crossing LEO

(3) IS0 26872:2010, Space systems — Disposal of satellites operating at geosynchronous altitude

© ISO 2017 - All rights reserved
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4.4 Other ISO standards

The following ISO Standards are not specific to space debris mitigation. However, they are considered

pertinent:

(1) IS0 27875:2010, Space systems — Re-entry safety control for unmanned spacecraft and launch vehicle
orbital stages

(2) ISO 14300-1:2011, Space systems — Programme management - Part 1: Structuring of a project

(3) ISO 14300-2:2011, Space systems — Product assurance — Policy and principles

(4) ISO 14623:2003, Space systems — Pressure vessels and pressurized structures - Design and pperation

(5] IS0 27025:2010, Programme management —Quality assurance requirements

(6] ISO 10795:2011, Space systems - Programme management and quality —Vocabulary

(7] ISO/TR 16158:2013, Space systems — Avoiding collisions among orbiting abjécts: Best practices, data

4.5 Other documents

Thee following documents are referenced to understand the background of the ISO documentg:

requirements, and operational concept

(1) Space Debris Mitigation Guidelines of the Scientific and Technical Subcommittee of the Committee on

the Peaceful Uses of Outer Space, Annex 1V of A/AC,105/890, 6 March 2007, endorsed by the United
Nations General Assembly under Resolution A/RES/62/217

(2] IADC Space Debris Mitigation Guidelines, IADC-02-01, Revision 1, September 2007, ayailable at

http://www.iadc-online.org/index.cgi?item=docs_pub

(3] Support Document to the IADC Space.Debris Mitigation Guidelines, IADC-04-06, Issue 1, b October

4.6 Abbreviated terms

2004, available at http://www.iadc<online.org/index.cgi?item=docs_pub

A/m Area-to-Mass.Ratio

CDR Critical\Design Review

CFRP Garbon-Fiber-Reinforced Plastic

CNES Centre National d’Etudes Spatiales

COPUOS: Committee on the Peaceful Uses of Outer Space
Cr Solar Radiation Pressure Coefficient

DAS Debris Assessment Software (NASA)

DRAMA Debris Risk Assessment and Mitigation Analysis (ESA)
e Eccentricity

Ec Expected number of casualties

EOMDP End-of-Mission (Operation) Disposal Plan

EOL End-of-Life

© IS0 2017 - All rights reserved 3
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ESA European Space Agency

FMEA Failure Mode and Effect Analysis

GEO Geosynchronous Earth Orbit

GTO Geosynchronous Transfer Orbit

IADC Inter-Agency Space Debris Coordination Committee
ISO Intnrnatinnal ﬁrganivafinn for Qtand’)rdiv’)finh
JAXA Japan Aerospace Exploration Agency

JSpOC Joint Space Operations Center (USA)

LEGEND LEO-to-GEO Environment Debris model

LEO Low Earth Orbit

MASTER Meteoroid and Space Debris Terrestrial Environment Reference
MEO Medium Earth Orbit

MMOD Micro-Meteoroid Orbital Debris

NOTAM Notice To Airmen

NM Notice to Mariners

NSS NASA Safety Standard

ORDEM Orbital Debris Engineering Model

PDR Preliminary Design Review

QA Quality Assurance

QR Qualification Review

S/C Spacecraft

SDR System Definition Review

SDMP Space-Debris-Mitigation Plan

STELA Semi-analytic Tool for End of Life Analysis (CNES)
STSC Scientific and Technical Subcommittee (UNCOPUOQS)

USSTRATCOM United States Strategic Command
TR Technical Report (a type of ISO document)

UN United Nations

4 © IS0 2017 - All rights reserved
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5 Requirements in ISO Standards and system-level methodologies for complying
with the requirements

5.1 General

To accomplish comprehensive activities for debris mitigation work, the following steps are considered:

M
(2)

Identifying debris related requirements, recommendations, and best practices.

Determining how to comply with requirements, recommendations, and best practices.

(3]

(4)

in

specific subjects are emphasized:

(1)
(2)
(3]
(4)
(5]
(6)

5.2 Refrain from releasing objects

5.2
IS(

opprations:

(1)

Applying debris mitigation measures early and throughout development and manufa
assure sound debris mitigation capability in the final product.

cturing to

Applying appropriate QA and qualification programs to ensure compliance with-debris mitigation

requirements.

rmation for action at the subsystem and component levels is provided in Clause 8. The

Limiting the release of objects into the useful orbital regions.
Preventing fragmentation in orbit.

Proper disposal during the end of operation.

Minimization of hazards on the ground from re-entering debris.
Collision avoidance for manned or man-able Systems.

Quality, safety, and reliability assurance:

.1 Requirements

24113, 6.1, requires ayoiding the intentional release of space debris into Earth orbit duri

General,;

a) S/C and.aunch vehicle orbital stages shall be designed so as not to release space d
Earth/orbit during normal operations.

b) «Space debris released into Earth orbit as part of normal operations, other than a
by (2), shall remain outside the GEO protected region, and its presence in the LEO

Tl‘;l(i)s clause provides methodologies for taking comprehensive action at theSystem level. More detailed

following

hg normal

ebris into

s covered
protected

region shall be limited to a maximum of 25 years after release.

(2)

Combustion-related products;

a) Pyrotechnic devices shall be designed so as to avoid the release into Earth orbit of products

larger than 1 mm in their largest dimension.

b) Solid rocket motors shall be designed and operated so as to avoid releasing solid combustion

products into the GEO protected region.

c) In the design and operation of solid rocket motors, methods to avoid the release of solid
combustion products that might contaminate the LEO protected region shall be considered.

© IS0 2017 - All rights reserved
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The following classes of released objects are of concern from an orbital debris mitigation standpoint:
(1) Objects released as directed by mission requirements (ISO 24113, 6.1.1)

(2) Mission-related objects, such as yo-yo de-spinners and fasteners under the responsibility of
designers (ISO 24113, 6.1.1)

(3) Combustion products from pyrotechnic devices (ISO 24113, 6.1.2.1)
(4) Combustion products from solid motors (ISO 24113, 6.1.2.2)

ISO 241137611 1
the orbital lifetime of such objects in LEO and the interference with GEO is to be limited as described in

ISO 24113, 6.1.1.2 (a typical example is the support structure utilized in a multiple payloads mission).

5.2.2 Work breakdown

Table 2 shows the work breakdown as delineated in ISO 24113 to prevent the release of debris.

Table 2 — Work breakdown for preventing the release of debris

Profess Subjects Major work

Preventiv¢ measures|Identification of|a) Take preventive design to avoid releasing objects that would tufrn
released objects and |into space debris. (ISO 24113, 64)
design measures

b) If objects might be released*unintentionally, designers should |n-
vestigate design problems-and take appropriate action during design.

c) Ifrelease is unavoidable) designers should estimate the orbital lifetifne
of released objects and check compliance with 6.1.1.2.

Correctivg action Troubleshooting |[Reference: If ancobject would be released unexpectedly, it is recopn-
mended to investigate and take appropriate action to avoid repeatipg
the release iythe following missions.]

5.2.3 Identification of released objects-and design measures

As 1SO 241113 states, launch vehicle designers shall avoid intentional release of space debris objedts.
If there afe unavoidable reasons (such as, for example, serious technical problems), such objects are
identified|and their orbital lifetimes estimated and minimized.

(1) Missipn related objects
Release of the following%bjects shall be avoided (ISO 24113, 6.1.1):

a) Nozzle closures for propulsion devices and certain types of igniters for solid motors, which are
ected into’space after ignition (particularly if their orbital lifetimes are longer than 25 years).

D

b) Clamp.bands that tie the S/C and launch vehicles

c) Structural elements that support the upper S/C used in multi-payloads launches

[Remark: Usually allowed if release is unavoidable and the object’s orbit lifetime will be short; in which
case the disposal orbit of these elements complies with ISO 24113, 6.1.1.2.]

(2) Combustion products from pyrotechnic devices

Adequately designed devices are selected to avoid the release of combustion products. It is possible to
apply parts that trap all combustion products larger than 1 mm inside for segregation.

(3) Combustion products from solid motors

ISO 24113 requires that solid motors do not generate slag in a GEO. On the other hand, for LEO, although
this is not directly prohibited, it is recommended to consider using methods to avoid the release of

6 © IS0 2017 - All rights reserved
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slag. To prevent the generation of slag, the first option is to design nozzles adequately so that there is
no pocket at the upstream of the nozzle that may trap melting metals. Another solution is to develop
propellants that do not contain metal (e.g. aluminium).

The orbital lifetime of released objects is assessed as specified in [SO 27852. This International Standard
designates acceptable analysis methodologies the user employs dependent upon the orbit regime.
The available simplified tools that may be admissible (depending upon orbit regime and ISO 27852
requirements) to estimate the long-term orbital lifetime are:

— NASA Debris assessment software (DAS) https://orbitaldebris.jsc.nasa.gov/Mitigation/das.html);

—| ESA DRAMA (an account at https://sdup.esoc.esa.int must be created to obtain a licenjse before
downloading); or

—| CNES STELA (https://logiciels.cnes.fr/content/stela?language=en).
5.3 Break-up prevention

5.3.1 Requirements
ISQ 24113 requires that break-ups be prevented as specified in ISO 24113, 6.2:
(1) Intentional break-ups

a) In Earth orbit, intentional break-up of a spacecraft or launch vehicle orbital stage shall be
avoided.

(2] Accidental break-ups

a) The probability of accidental break-up ofia spacecraft or launch vehicle orbital stage ghall be no
greater than 10-3 until its end of life.

b) The determination of accidental break-up probability shall quantitatively consider pll known
failure modes for the release ©f stored energy, excluding those from external sources such as
impacts with space debris(and meteoroids.

c¢) During the disposal phase, a spacecraft or launch vehicle orbital stage shall pefmanently
deplete or make safe dll remaining on-board sources of stored energy in a controlled|sequence.

While ISO 16127 spedifically addresses the prevention of S/C break-ups, it also provides useful
information and proegdures for preventing launch vehicle break-up (ISO 20893).

5.3.2 Work breakdown

Table 3 shows the work breakdown as delineated in ISO 24113 to prevent orbital break-up.
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Table 3 — Work breakdown for preventing orbital break-ups

Process Subjects Major work
Preventive measures |Identification of Identify components that may cause fragmentation during or
sources of breakup after operation.
Design measures (1) Develop preventive designs to limit the probability of acciden-
tal break-up during operation no greater than 10-3. Confirm it
with FMEA.

(2) Provide functions to prevent break-ups after disposal.

(3) A bC‘lf'dCb LTUCL S ySUCIIT ahuuld ‘UC dCbigllUL‘l LU pPIevelit ullilll.t n-
tional destruction caused by miss-command or solar heating.

Risk detedtion Monitoring during The monitoring function is provided under the flight safety re-
operation quirement aspect.

After passing the flight safety range, some paraméters are mon
itored to ensure performance, and functions fox completing the
mission and disposal actions, including controlled re-entry, are|
conducted.

—
1

Actions infoperation |Preventive measures |Energy sources for break-up should be(removed (residual prop¢
phase for break-up lants, high-pressure gas, etc.) or desighed to be safe so as not td
cause break-ups after the end of operation.

5.3.3 Identification of the sources of break-up
The following launch vehicle subsystem elements can potentiallycause break-ups:

— propylsion sub-systems and associated components (Roeket engines and solid motors, tanks, tank
pressprizing systems, valves, piping, etc.);

— electijical batteries;
— presspre vessels and other equipment (such as pneumatic control systems, etc.); and

— self-dpstruct systems for range safetyt

5.3.4 Dpsign measures
The following aspects are to be-incorporated into launch vehicle design.
(1) Avoiding intentional break-up

Missions that involvententional break-ups that can potentially eject fragments into outer space are

prohibitej unless reduired to prevent potential loss of human life after re-entry
(2) Avoidling accidental break-ups during operation

Per ISO 24143, the probability of accidental break-up must be no greater than 10-3 until its EOL.

“ISO 16127 Space systems - Prevention of break-up of unmanned spacecraft” is designed to apply to the
S/C, butits “Annex - A Procedure for Estimating Break-up Probability” provides adequate instruction to
engineers who wonder how to cope with complicated subsystems such as liquid rocket engines.

To prevent the unintentional explosion of self-destruct charges, the Command Destruct Receivers are
recommended to be turned off after passing through range safety areas to prevent explosion by miss-
command.

(3) Preventing break-ups that occur after the end of operation
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The following items are the typical measures to prevent fragmentation for each of the items identified
in 5.3.3. More detailed guidelines for each sub-system or component are described in Clause 8.

a)

b)

Residual propellants in the propulsion systems and associated components

— Burning residual propellants to depletion.

— Venting residual propellant until its amount is insufficient to cause a break-up by ignition or

pressure increase from tanks and lines.

High pressure fluids

— Venting pressurized systems
Range safety systems

— Prevention from inadvertent commands, thermal heating, or radio frequency interfe

5.3.5 Monitoring during operations

ISQ 16127, 4.3.1, requires monitoring of critical parameters to detect.the symptoms that c

br
im|

pak-up, loss of mission capability, or the loss of orbit and attituide’ control function, and
Imediate action to be taken when any symptoms are detectediy*However, it is not usual

for] launch vehicles because they are designed to have very limited functions available to

op

eration during flight, except for range safety operations.

5.3.6 Preventive measures for break-up after missien completion

Af
mi
Re

po
or

er separation of payloads, the major sources<of break-ups (examples listed in 5.3.3)
figated (vented or operated in safe mode) according to ISO 16127, 4.4.

sidual propellants and other fluids, such' as pressurants, should be depleted as thor
5sible, by either depletion burns or venting, to prevent accidental breakups by over pres
chemical reaction. Opening fluid vessels and lines to the space environment, directly or indg

the¢ conclusion of EOM passivation,(isjone way to reduce the possibility of a later explosion.

5.4 Disposal manoeuvresat the end of operation

5.4.1 Requirements

ISQ 24113, 6.3 requires removing an S/C or launch vehicle orbital stage from the protecte
after EOM as follows:

(1) Probability of successful disposal

a)¢ \The probability of successful disposal of a spacecraft or launch vehicle orbital stage

fence

hn lead to
| requires
y feasible
terminate

should be

bughly as
surization
lirectly, at

d regions

hall be at

least 0,9 at the time disposal is executed.

b) The probability of successful disposal shall be evaluated as conditional probability
on the mission success.

weighted

c¢) The start and end of the disposal phase shall be chosen so that all disposal actions are

completed within a period of time that ensures compliance with above a).

(2) GEO disposal maneuvers

©lI

a) A spacecraft or launch vehicle orbital stage operating in the GEO protected region (defined in
ISO 24113), with either a permanent or periodic presence, shall be maneuvered in a controlled
manner during the disposal phase to an orbit that lies entirely outside the GEO protected region.
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b) A spacecraft operating within the GEO protected region shall, after completion of its GEO
disposal maneuvers, have an orbital state that satisfies at least one of the following two
conditions:

the orbit has an initial eccentricity less than 0,003, and a minimum perigee altitude, AH (in

k

m), above the geostationary altitude in accordance with

AH=235+1000CrA/m

the orbit has a perigee altitude sufficiently above the geostationary altitude that long-term
erturbation forces do not cause the spacecraft to enter the GEO protected region within

p

1
(3) LEOd
a) A

I
1

—n

b A

p
)

ii

—

iv

the LEO protected region shall be accomplished by one of the follewing means (in order

DO years.
isposal maneuvers

spacecraft or launch vehicle orbital stage operating in the LEO protected regién (defined

the LEO protected region to a maximum of 25 years from the end of mission«

fter the end of mission, the removal of a spacecraft or launch vehicle orbital stage fr

reference):
retrieving it and performing a controlled re-entry to recover it safely on the Earth, or

manoeuvering it in a controlled manner into a targetedire-entry with a well-defined imp
footprint on the surface of the Earth to limit the possibility of human casualty, or

|) manoeuvering it in a controlled manner to anorbit with a shorter orbital lifetime tha
compliant with above a), or

) augmenting its orbital decay by deployinga device so that the remaining orbital lifetimg
compliant with above a), or

allowing its orbit to decay naturally so that the remaining orbital lifetime is complis
with above a), or

above the LEO proteeted region that long-term perturbation forces do not cause it to
enter the LEO protected region within 100 years.

[Informat
disposal o

10

jon]: For an S/C,.1SO 26872 provides more detailed requirements and procedures for f{
f GEO missionsto-comply with the high-level requirements stated in ISO 24113, and ISO 166

in

0 24113), with either a permanent or periodic presence, shall limit its post-ifiission preseice

of

hct

is

P iS

int

) manoeuvering it in a controlled manner to an orbit with a perigee altitude sufficiently

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=22e1ec2e112d3e71cfe94fddbcbaca14

ISO/TR 20590:2017(E)

Table 4 — Work breakdown for the preservation of the LEO-protected region

Major work

Process Subjects
Preventive meas- |Estimate the orbital
ures lifetime and define a

disposal plan

Estimate the orbital lifetime after payload separation, and define a
disposal maneuver plan.

Disposal planning

One of the following methods is applied. (ISO 16699):
(1) Controlled re-entry

(2) Maneuvering to reduce the orbital lifetime

(3) Augmenting its orbital decay by deploying a device
(4) Allowing its orbit to decay naturally

(5) Maneuvering it to an orbit with a perigee altitude suffi¢iently
above the LEO protected region

Disposal function
and resources

Functions and resources to remove orbitakstages (examplé¢s:
restart function of main engine, secondary'propulsion sysfems, or
independent thrusters) from the protected orbit region should be
provided.

tign phase

Adtion in opera- |Disposal sequence

Disposal operations are executed’in the proper sequence.

5.4.3 LEO mission

5.4.3.1 Estimate the orbital lifetime and define a disposal plan

For LEO missions, ISO 16699, 5.3 shows the planning and documentation for a disposal njanoeuver.
ISQ 27875 shows the steps and tools to estimate the orbital lifetime in more detail. The piecision of
anplysis is dependent on the algorithm, and_high-precision algorithms need several hours td complete
anplysis, which is not adequate for use in the early phases when the exact operation plan ha$ not been
fixed. Tools should be selected during the'design phase with consideration of the certainty ¢f planned
orbit and disposal timing.

Thlere are a number of tools available to calculate the orbital lifetime, for instance:

(1) ISO 27852 introduces “STELA” available via the CNES freeware server. As of August 2016 the latest

version is 3.0, and it can’be downloaded from https://logiciels.cnes.fr/STELA.

(2] NASA is releasingDAS (Debris Assessment Software)” (since April 2012, latest version s v 2.0.2),

(3] ESA provides the DRAMA tool available at https://sdup.esoc.esa.int/web/csdtf/home.

(4) Otherviable Commercial Off-The-Shelf (COTS) toolkits exist to determine orbit lifetime.

which has functions to analyze various debris related matters comprehensively, including the

orbital lifetime analysis. (https://orbitaldebris.jsc.nasa.gov/mitigate/das.html)

5.4.3.2 Disposal planning

ISO 16699 provides more detailed requirements and guidance for the orbital stages. An EOMDP is
required. The process of developing it is described in detail in Clause 7 of ISO 16699.

5.4.3.3 Disposal function and resources to transition to disposal orbit

(1) It is recommended to provide liquid propellant engines with a re-start function to perform a
disposal manoeuver after payload separation.

(2) In some cases, other propulsion devices, including attitude control thrusters, can be used.

(3) Drag-enhancement, Solar Radiation Pressure, or other devices can also be used but in very rare cases.

© IS0 2017 - All rights reserved
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5.4.3.4 Reliability of accomplishing disposal maneuver

ISO 24113 requires that the conditional probability of successful disposal should be larger than 0,9
(ISO 24113, 6.3.1.12). In the case of the S/C, this requirement limits the long stay in orbit after mission
termination unnecessarily (e.g. only for housekeeping to check the health).

In the case of the orbital stages, the time interval between the EOM (payload separation) and the
completion of disposal maneuvers would not be long (several days at the longest); however, note that the
re-ignition of an engine after a long ballistic phase (to reach the proper impact zone), with propellant
settling and thermal problems, can also significantly lower the probability of success.

5.4.4 GEO mission and other high-elliptical orbit missions

5.4.4.1 |General

Detailed lequirements and procedures for GEO S/C are defined in ISO 26872. The concept of dispopal
methods for launch vehicle orbital stages is not considerably different from those for the S/C.

There are|several methods to launch a GEO S/C, and the typical methods would-be the following:

(1) High Elliptical GTO: This is the most typical case in which the perigee. altitude is within or clgse
to theg LEO protected region, and the apogee altitude is near GEO. The)S/C is transferred to GEO|by
firing|its apogee kick propulsion system.

(2) Direcf injection: The orbital stages reach the circular orbit neat GEO. The S/C is transferred to GEO
with the S/C control function.

(3) Other elliptical orbit: the apogee altitude is higher than-GEO, and the perigee altitude is inside{or
near the LEO protected region

5.4.4.2 [High elliptical GTO

In the casp of the “High elliptical GTO” mentienied in 5.4.4.1 (1), orbital stages left in GTO after paylqad
injection generally pose a risk to both GEQ-and LEO protected regions.

It is desirpble to place the perigee altitude as low as possible to limit orbital lifetime to shorter than
25 years. However, as explained in(ISO 27852, 5.6, since it is difficult to estimate lifetime in GTO wijith
a specific|value, it is recommended to provide the maximum lifetime corresponding to the planred
perigee altitude with indicating)its probability (e.g. If the perigee will be sent to 200 km, the lifetime
will be shprter than 25 years, with a probability of 0,9).

As is often the case, the eustomer of the launch service wishes to define the perigee altitude as high|as
possible tp reduce prepellant consumption for the apogee kick operation or to avoid any decay when
they apply electricalpropulsion systems.

In such cafesitds difficult to reduce the orbital lifetime to within 25 years. Therefore, the orbital stages
are left to|orbit at an apogee altitude low enough so as not to have interference with the GEO protected
region, even considering long-term perturbations

If the orbital stages have a re-start function in the main engine, the decreasing of either apogee altitude
or perigee altitude is possible. Lowering the apogee altitude immediately precludes interference with
the GEO protected region, but orbital lifetime cannot be shortened significantly. On the other hand,
lowering the perigee altitude takes longer time to avoid interference with GEO, but it is more efficient
at reducing the orbital lifetime.

The orbital elements of GTO are strongly affected by the perturbation caused by the tidal effect, which
stems from the gravitational effects of the sun and the moon. If the Right Ascension of the Ascending
Node (RAAN) could be controlled well by adequately selecting the lift-off time, the orbital lifetime could
be greatly reduced.
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In some missions, perigee altitude can be as high as a few thousand km, and natural forces are not
available to decay the orbit. In this case, the apogee altitude is placed 200 km lower than the GEO

alt

itude.

5.4.4.3 Directinjection

In the case of direct injection, the orbital stage and payloads are typically sent directly into or near the
GEO protected region. Then, the payloads perform manoeuvres to move to the planned operation orbit

in

GEO, and the orbital stage will be left outside the GEO protected region.

T
wi
fol

b)

IS(
an
en

criteria for the expectedhumber of casualties (Ec), which is defined by appropriate regulator

NO
as
un

51.4.4 Other elliptical orbits

.5 Ground safety from re-entering objects

.3.1 Requirements

.3.2 + Work breakdown

re are missions which are not GEO missions but inject payloads in an elliptical corbit. |
| require the same measures for such missions as required for GTO missions. This mean
owing are required:

Elliptic orbit: if apogee altitude is lower than the GEO area, and the perigee altitude is aboy
area. As long as there will be no risk to the GEO and LEO protected regions for at least
there will be no suggestions for those objects.

Very high elliptic orbit: if the apogee altitude is higher than the GEO area, and circularizaf
the GEO altitude is not reachable, this orbit should be avoided.

24113, 6.3.4 requires ensuring ground safetyfrom re-entering objects as follows:

For the re-entry of an S/C and/or launchivehicle orbital stage (or any part thereof), the
acceptable casualty risk shall be set infaccordance with norms issued by approving agent

The re-entry of a spacecraft or laurch vehicle orbital stage (or any part thereof) shall co
the maximum acceptable casualty risk according to above a).

27875 provides proceduresfor assessing, reducing, and controlling the potential risks th
 launch vehicle orbitalstages pose to people and the environment when those space v¢
fer the Earth’s atmogphéere and impact the Earth’s surface. ISO 27875 does not show qu

TE ISO 24478;6.3.4 mentions “casualty risk”, which is usually understood as human cas

lerstood as eomprehensive “re-entry risk” defined by approving agents.

SO 24113
s that the

e the LEO
100 years,

ion above

maximum
S.

mply with
at the S/C
thicles re-

antitative
y bodies.

ualty, but,

[SO 2787 mefitiens, there are another risk including environmental pollutions. Therefore “casuallty risk” is

©lI

ISO 24113 to assure ground safety from re

-entry.
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Table 5 — Work breakdown related to ground safety from re-entry

Process Subjects Major work
Preventive measures |Identification of re-|Identify the re-entry safety requirements imposed contractually,
quirements voluntarily, or by national or international authorities.
Hazard analysis to esti-|Hazard analysis should be conducted to estimate the expected
mate the casualties number of casualties and the pollution on the ground.
Design measures (1) Design should be conducted to limit the casualty risk to be set

in accordance with norms issued by approving agents.

L) Dearzant anazivconaantal ool oo oo o oo o 2|
zJ T reveherenvirommehear oo ot e-grouits

(3) If the expected number of casualties is larger than the're-
quirement, a controlled re-entry should be planned (1S©\27875p).

Risk detedtion Notification of impact |For controlled re-entry, notifications should be sent to all coyn-
tries that may be affected or should be sent through'the NOTAM
and NMs systems.

Action in] operation|{Conduct controlled|(1) Conduct controlled re-entry as planned

phase re-entry and Monitoring (2) Monitor the re-entry procedure and\take adequate action|in

abnormal situations.

5.5.3 Preventive measures

5.5.3.1 [Identification of requirements

The first ptep is identification of re-entry safety requirements imposed contractually, voluntarily,|or
by nationfpl or international authorities. ISO 27875 indicatés the risk assessment procedure withgut
mandatinf quantitative requirements (as of 2016).

[Informatjion]: Many of the world’s space agencies apply 0,0001 as the limit of the expected number of
casualtied.

5.5.3.2 |[Hazard analysis

As specified in ISO 27875, 5.2 and 5.5} safety requirements should be identified, and the hazard rigks
should be|estimated using approved processes, methods, tools, models, and data. Then, the estimated
risk should be assessed to determiine the necessity of risk reduction measures.

If the expgcted number of caSualties exceeds the criteria, in spite of the design improvement (5.5.3.3) or
ISO 27874, 6.3), the impact-area should be controlled according to ISO 27875, 6.2. Because the system
concept chn be affected\significantly depending on whether the controlled re-entry will be appligd,
decisions pre made atdn early enough time to be reflected in the system specifications.

[Informatjion 1]:Abpresent, there is no consensus on the standard analysis tools or algorithms, analyfsis
condition$, thekmal properties of materials, distribution model of human population with predictjon

models fof ¢the future, or even equations to calculate casualties from the size of object impacts. These
factors deﬁﬁmmmlm—

[Information 2]: Several national agencies have developed re-entry survivability analysis tools for
their own use. For rough estimation, there are several analysis tools available in the world, such as
DAS (Debris assessment software) provided by NASA (available at https://orbitaldebris.jsc.nasa
.gov/mitigate/das.html) and the DRAMA tool by ESA (available at https://sdup.esoc.esa.int/web/

csdtf/home). However, both tools are used to obtain very rough estimations; therefore, the official
value is estimated with the tool officially authorized by the responsible organization.
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5.5.3.3 Design measures

5.5.3.3.1 Design for demise

Even in the case of a controlled re-entry, since the risk of re-entry on the ground is assessed by the
product of the failure rate of related functions and the expected number of casualties in the case of
natural re-entry, it is better to design as much as possible for objects to be easily demised.

Generally, the following methods are recommended for the design phase, but some of them can be
limited to the orbital stages.

(1) Selection of adequate materials

Whenever possible, materials with a high melting temperature, specific heat, and heat of fusion, such
asftitanium or beryllium, are replaced by other materials with thermal characteristics that ¢ncourage
demise. Generally, propellant tanks and high-pressure bottles made of titaniumiaye been foynd on the
ground after surviving a re-entry. There are tanks made of aluminium alloy, Which seems tg be better
in ferms of thermal characteristics that encourage demise.

(2] Multiple materials, thinner wall thickness, etc.

Sometimes, a material that does not undergo demise can be replaced by multiple materialls that do
undergo demise and still maintain structural integrity. For example, a dummy mass or balance weight
cah be designed as a set of multiple metal plates instead of one\thick, solid mass.

If here is enough structural margin, and if it is possible to.reduce wall thickness without chgnging the
difnensions, the material can undergo demise more readily.

(3] Exposure to the ablation environment

Components that will be exposed to the abldtion environment can undergo demise more |readily. If
propellant tanks or high-pressure bottles are Tocated so that they are exposed to the atmosphgre during
redentry, they can undergo demise more-readily. However, this exposure to the atmosphgre incurs
didadvantages during the orbit phase in terms of protection from the thermal effects and debiis impact.

5.3.3.3.2 Prevention of environmental pollution on the ground

Efforts are also be made toaveid polluting the environment with toxic substances (including radioactive
mdterials) as required inJSO 27875, 5.4.

5.3.3.3.3 Specific-design for controlled re-entry in subsystem level

Supsystem engin€éers, who are involved in controlled re-entry from the aspects of not only propulsion
sub-system(byit also power, guidance, and communication sub-systems, consider specific fun¢tions and
pefformance, as well as support of the ground station. It is also necessary to define uninhabitdd regions,
su¢h as broad ocean areas, which accept the footprint of survived fragments. For these refsons, the
defision to use a controlled re-entry method is made early in the design and development cy¢le, before
system specifications are set.

For example, a controlled re-entry could take a longer operation time to complete and result in a longer
exposure to the radiation environment. Therefore, all systems are qualified for this additional lifetime
and required to meet radiation hardness design requirements.

5.5.4 Risk detection: Notification

ISO 27875, (6.4) defines these notifications in case of a planned re-entry event.
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5.5.5 Countermeasures: Controlled re-entry and Monitoring

In the case that controlled re-entry is planned, it is recommended to monitor the progress and confirm
the consequences.

5.6 Collision avoidance

There are no definite requirements for collision avoidance in ISO 24113. However, the UNCOPUOS space

debris mit

igation guidelines indicate the following practice:

estimated

Guideline[3: Limit the probability of accidental collision in orbit

In developing the design and mission profile of spacecraft and launch vehicle stages, the probability
accidental collision with known objects during the systems’ launch phase and orbital lifetime.should
and limited. If available orbital data indicate a potential collision, adjustment of thejlaunch time
or an orbital avoidance maneuver should be considered.

of]
be

[Informatfion ]: For the launch vehicle, the only way to avoid collision is to coordifiate the lift-off ti
o collide with known objects and ensure no collisions until the JSpOC{determines the orbital

so as not {
character

However,

collision with all known objects, the best practice is to at least avoid cellision with manned or man-a
systems wWhose operational plan is disclosed (ISS, etc.), primarily for safety reasons. When it is obvid

that lift-of

off times ¢r flight trajectories.

The critefia and procedures for collision avoidance have.fot been globally defined yet. The ba

concept is
and otherj
after lift-q
separated

NOTE
few days w

of the ISS. Further, for vehicles whose dispersion of flight trajectories is large, it can be difficult to determine

launch win
practice. I

5.7 Reljability and QA

It is impoftant to ensure sufficient reliability and quality. ISO 16127, 5.1 contains the requirements

reliabilityj

stics of orbital stages and other released objects.

since the dispersion of flight trajectories is not good enoughtto ensure the avoidance

f times or flight trajectories conflict with very important$§/C, it is desirable to avoid these |

that the launch service provider should assure that each stage of the launch vehicle, paylo
objects separated from the stages would.not'collide for a few days (two days, for examp
ff until the JSpOC determines the orbital-characteristics of orbital stages and all the obje
from them.

Itis not easy to estimate the probability’of conjunction of flight trajectories with ISS over a period
ithin the limited time typically available for analysis using the data from the updated operation p

dows. Since there is no clearrequirement for this issue, these recommendations are considered a bj
O/TR 16158 can support those analyses.

and quality.€ontrol to prevent failures that could lead to a break-up event.

me

of
ble
us
ft-

sic
nd,
le)
Cts

fa
an
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lest

for

The methodology~for assessing break-up probability and the probability of successful disposal gre

provided

The trade

n 1SO24113, 6.2.2 and 6.3.1.

off hetween costreduction-and qnn]ify//ro]iahi]ify a]urayc aevists in the r]nun]npmnhf of cp

ce

systems. Leveling QA according to the importance of a mission is typically conducted during project
management. However, note that orbital stages with low quality can become debris in orbit and pose a
risk to other space operators.

[SO 27025 provides the QA system, and the wider scope of product assurance, QA, and dependability
assurance are defined in ISO 14300-2.
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6 Debris-related work in the development lifecycle

6.1 General

A typical phased planning of the development lifecycle is illustrated in Figure 2, according to
ISO 14300-1.

From an early phase in the lifecycle of the orbital stages, the preservation of the orbital environment is
considered when creating a system concept and is realized throughout the development and operation.

i

(1)

(2

(3]

(4)

(5]

NO

co
mi
traj

(6)

TE
figuration and guality to proceed to launch site operations. This means that the detailed configy
sion profilépf'the vehicle have been defined for each launch mission according to the mission anall
ectory, propellant allocation, disposal sequence, etc. are confirmed.

Concept of debris-related work in each phase
following debris-related activities are considered in each phase:

The Mission Requirement Analysis Phase (pre-phase A) consists of am-initial def
launch performance according to the strategy of launch service business. The debris 1
requirements are identified as a part of the requirements, such as~design requiren
regulatory constraints

The Feasibility Phase (phase A) consists of exploring the various-possible concepts so 3
the defined objectives (performance, cost, and schedule), as.defined in ISO 14300-1,

inition of
mitigation
hents and

S to meet
B.2.3, The

major debris related specifications are determined and reflected in a functional specification and a

technical specification, which are drafted in this phase. Examples are the re-entry contra
and design reliability, which affect system design and €ost.

The Definition Phase (phase B) consists of a generdl'concept of the launch vehicle system
at the end of the feasibility phase, as defined in.ISO 14300-1, 8.2.4. All the major debris 1
concepts that impact functions, performance,“allocation of resources, and reliability arg
in the System Level Technical Specification.;

The Development Phase (phase C) consists of creating a detailed study of the proposd
upon completion of the definition phase, as defined in ISO 14300-1, 8.2.5.3.1. The purp
phase is to obtain a qualified deSign for the mass production of deliverable products
for system operation and support. All the debris mitigation design and operation procs
defined.

The Production Phase-(phase D) consists of manufacturing and delivery to the customsg

I function

hs defined
mitigation
reflected

I selected
se of this
required
dures are

br (typical

example is a launch‘service provider). Qualification of the product design and production

procedures marks the end of the production phase.

In the reutine production flow after qualification, a pre-shipment review is conducted to g

During the Utilization Phase (phase E), at the final launch preparation at the launch s

onfirm the
ration and
ysis. Flight

te, lift-off

time is confirmed, ensuring to avoid collision risks between manned mission systems if

required,

rollowed by liit-ofT.

(7) During the Disposal Phase (phase F), after injection of payload, disposal manoeuvers and break-up
prevention procedures are conducted.

In all of the above phases, debris-related characteristics are identified and realized in design and
implemented by the completion of disposal. The output of each phase is reviewed at the end of each phase.
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Debris-related measures that have an impact on design and options for solutions are described in
Clause 5. Subsystems and component-level considerations are provided in Clause 8. A typical phased
planning of the development lifecycle can be illustrated as depicted in Figure 2, according to ISO 14300-1.

NOTE

When the mission is inside the qualified launch vehicle system, a set of review system can be

simplified, for example, a Preliminary Mission Analysis (PMAR) could replace a PDR, a Final Mission Analysis
(FMAR) could replace a CDR, and a Launch Readiness review (LRR) could replace a QR.

<Development> (Ref. ISO 14300-1)

Pre-phase A Phase A Phase B Phase C Phase D
Mission rjqulrements Feasibility phase Definition phase Development phase Production phase
analydis phase
J[L g I t t
(1) Missio.n Hefinition (1) Refergncg functional (1) Systejrﬁ tgchnical Critical Qualification
(2) Provisiopal specification. specification Desien Revi Revi
functiorII (2) Preliminary technical (2) Lower level esign Review eview
specificdtion specification technical (CDR) (@R)
\/— specifications or
- A Pre-shipment
review for epch
Preliminary Design launch servite
Review (PDR)
<Launch Operation> <Orbital Operation>
Phase E Utilization\phase Phase F
Launch site Flight and Disposal phase
Operation and Payload
Lift-off Injection
Latigeh Readi
o .ea iness Post-Flight Analysis
Review .
and Review
Figure 2 — Typical Phased Planning of the Development Lifecycle
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6.3 Mission Requirements Analysis Phase (pre-phase A)

6.3.1 General

The main purpose of this phase is to identify the concept of a launch vehicle. From the point of view of
debris-related issues, the following items are conducted during this phase:

(1) Identify the debris-mitigation requirements in ISO Standards, national regulations, etc.

(2) Identify safety, reliability, and quality requirements to ensure the ability to conduct debris-

t 43 H Lol 43 £l o € ot a1 1£. 3 4
ml lg LIUVIT TIITAsSUrcT,, uu.luuuls Pl CVUIILIUIT UL L1ICT 11 aslucul.auuu Ladaustu U_y HIdITuUIICtivIls, ©il,

6.3.2 Depbris-related works

Debris-mitigation requirements reported in ISO 24113 are identified. If there are otler-applicaple
debris-relpted regional and national regulations, they are also considered, and the’ final set|of
requirements is identified.

ISO 24113 (as of 2016) presents requirements only for mitigating the generation ‘of debris. It does fot
address collision avoidance, but the UN Debris Mitigation Guidelines recommends to estimate and linit
the probability of accidental collision with known objects during the systemsildaunch phase, and consiﬂ;ler
adjustment of the launch time, if available orbital data indicates a potentialycollision. (See 4.5 (1)).

6.4 Feassibility phase (phase A)

The outplit of this phase is reflected in the system requirements document (specifications). This
documentis reviewed during the “system requirement defidition review (SRR).”

The variofis possible concepts are studied to meet the défined objectives. Mission requirements, debtfis-
related requirements, and other regulatory rules are'taken into account.

The following aspects are considered:

(1) The rpquirements regarding not releasing objects provide normative content for the selection| of
types|of propulsion systems (solid, hybrid, or liquid).

(2) Brealj-up preventive requirements provide normative content for the safety design concept (impact
on m3ss allocation due to tank design, safety factors, and margins, etc.) and reliability design.

(3) Dispasal requirements provide normative content for the basic configuration of staging structuyre
and tr]xe allocation of function for each stage.

(4) Re-entry safety requirements provide normative content for the design of associated sub-systems
relatgd to contrelled re-entry, including the radiation hardness design for avionics.

6.5 Dellinition phase (phase B)

6.5.1 Workin phase B

The output of this phase is reflected in the “system specifications” and “subsystem specifications
(draft).” They are reviewed during the SDR.

In this phase, the system requirements are defined in a reference functional specification and a
preliminary technical specification at the system level as specified in ISO 14300-1.

[Information 1]: The principal configurations, including physical, functional, and performance
characteristics, as well as the operational concept, verification concept, and project resources
(development regime, budget, and scheduling) are chosen in this phase. Therefore, the decision
to implement a re-entry control function that could impose a heavy burden on the functional and
performance characteristics is fixed no later than in this phase.

20 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=22e1ec2e112d3e71cfe94fddbcbaca14

ISO/TR 20590

:2017(E)

The concept to comply with ISO 24113 should be defined in the “space-debris-mitigation plan (SDMP)”

as

defined in ISO 24113, Clause 7.

6.5.2 Work procedure

M

Basic concept

Excessive low reliability is not only unfavourable on its own, but also undesirable, due to its effects
on the orbital environment in case it causes a malfunction or fragmentation. Therefore, a mission
assurance philosophy is developed.

(2]

Consideration of debris mitigation measures in system design

a) In the allocation of propellant, the propellant for disposal manoeuvers and controlle
manoeuvers are taken into account.

of the propulsion subsystem are studied by the end of this phase. Moreover, the tot

6.6 Development phase (phase C)

In
Sp

Du

(1)

Ag
saf

(2)

M3
ve
of

(3]

Ac
orl
md

(4)

pcifications, the functional and performance requirements are defined to satisfy the SDMP
ring the above procedure, the following are considetred:
Reliability and QA

pin, reliability and QA for orbital stages are essential not only for mission completion, but a
ety of the other operating S/C in orhit. (See ISO 16127, 5.1).

Break-up prevention and safety control

jor causes of break-up are gxplosion of the propulsion subsystem and the rupture of high

bi-propellants, robust structural design, etc.) are essential.
Prevent the releaseof parts

rording to 1SO\24113, 6.1, orbital stages are designed so as not to release objects that wi
pital debris.(Such as clamp bands, nozzle closures, combustion-related products, igniter
tors, et during normal operations.

Disposal after the end of operation

D

ring the desion nhase sufficient nropnellantis allacated to carrvoutthe disnasal manoceuud
S 5 7 P°or Y g

1 re-entry

b) In the allocation of reliability, the probability of break-up during operation is considered.

¢) Inplanning the controlled re-entry, the manoeuver sequence and thé function and performance

h] system,

including the ground control and monitoring system, is studied by the end of this phgse.

this phase, the system specifications are allocated at the component and part levels. In the

Iso for the

-pressure

bsels. To prevent those calises of break-up, appropriate design measures (prevention of thie mixture

11 become
b for solid

3

(5) Safety assurance from ground impact after re-entry

a) According to ISO 27875, the expected number of casualties is estimated and limited, and

ground pollution is avoided.

b) If there is significant risk on the ground, a controlled re-entry is planned. Such a plan includes

the design of a re-entry trajectory with control manoeuvers, error analysis, pre

diction of

the footprint of surviving objects, etc. Controlled re-entry requires a propulsion subsystem
satisfying such objectives, sufficient propellant, and specific designs for avionics (designing for
radiation hardness, etc.). These factors can require additional constraints for mass allocation.
Other ground support systems are required, including ground tracking and control systems

(See ISO 27875).
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6.7 Production phase (phase D)

6.7.1 Workin phaseD
There are no specific debris-related requirements for manufacturing and verification/validation as

long as the production procedures are properly controlled under the reliability and QA program. The
design and production procedures are qualified at the end of this phase (See 6.7.2).

6.7.2 Qualification review

In the quallification process, the final design and manufacturing procedures are verified through test{ng
and desigh evaluation or demonstration.

The following items are reviewed at the QR:
(1) List of parts that are designed to separate or be released;

(2) Listof sources of break-up energy;

(3) A manitoring system for detecting critical malfunctions that may cause break-up as far|as
technjically feasible;

(4) Adisposal operation plan and data to be transferred to the operation-phase;
(5) Ground casualty expectations if the orbital stages are disposed’of by orbit decay;
(6) If controlled re-entry is planned, review of the operation plah; and

(7) Plan for notifying air traffic and maritime traffic authorities, in the case of controlled re-entry.

6.7.3 Launch service

After qudlification, the launch vehicles are. applied to routine service. For each launch missipn,
corresporfding to launch mission requiremefits, mission analysis will be done, system configuratjon
will be defined, the hardware will be validated, and served to launch operation at the launch site.

6.8 Utilization phase (phase E)

[Informatfion 1]: 1: Lift-off timxe\is typically coordinated to ensure that orbital stages, payloads, and
other relepsed objects from.the orbital stages do not put manned or man-able systems at risk

[Informatjion 2]: Debristnmitigation measures are conducted according to the programmed sequence
of events.

6.9 Disposal Phase (phase F)

Disposal 4ctions are automatically conducted as follows:

(1) At the end of operation, the planned disposal manoeuvers defined in the SDMP are conducted. If a
controlled re-entry is planned, it is most likely conducted with ground support.

[Information 1]: Notification for controlled re-entry is given to the relevant nations, air traffic
authorities, and maritime authorities.

(2) After completion of disposal manoeuvers, residual energy (propellant, high pressure fluids, etc.) is
removed (according to ISO 16127 until ISO 20893 is published) unless mechanical strength to assure
that a break-up will not occur until the residual fluids are depressurized to a safe level.

[Information 2]: If there is potential risk that orbital stages can have interference with payloads by the
venting force, the following item is considered:
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For example, when venting of residual fluids is conducted, the effects of other devices (antennas, etc.),
which are exposed to the venting streams, is assessed to ensure that they do not cause undesirable
disturbances to the orbital stage.

7 System-level considerations

7.1 System design

Once the maximum mass of payloads are defined along their injection orbit, geodetic conditions
of [aunching sites and tracking stations are identiiled, and other conditions are deiined,the system
concept of the launch vehicle is studied. Then the “debris mitigation design philosophy™ pffects on
sys$tem concept are examined, such as;

(1) Constitution of stages is defined to minimize interference with protected orbital regions, ground
casualties, probability of break-ups, etc.

(2] Orbital stages are given functions for disposal manoeuvers or controlied re-entry, if required, for
missions that require such actions.

(3] Solid propulsion systems, which generate slag, are not recomimended for use in uppger stages
reaching GEO. Otherwise, the propellant is altered so that it dees not generate slag or change the
nozzle design so that it does not have submerged nozzles.

(4) Orbital stages, whose re-entry hazards do not complywith restrictions, are given functions for
controlled re-entry.

7.2 Mission analysis for each launch mission

For each launch mission, mission analysis;.Which includes the following debris related| items, is
cohducted and reviewed before the pre-shipment review.

(1) Re-confirmation of physical charageteristics of payloads and their injection orbits;
(2) Disposal planning;

(3] Development of flight jprofile and sequence of events (debris mitigation measures, such as
turning off the command‘destruct receivers; payload separation collision avoidance; orbit change
manoeuver for disposal; venting residual fluids; and controlled re-entry, if planned.); and

(4) Propellant allocation, including consumption for disposal manoeuver or controlled re-entry.

8 | Subsystem / Component design and operation

8.1 .General

8.1.1 Scope

During the design related phases (Phases B, C, and D), the requirements defined in Clause 6 of
ISO 24113 and other related standards are converted to design requirements and allocated to the
design specifications for system, subsystems, or components. Those allocated specifications support
engineers engaged in each sub-system design.

The following subsystems are mentioned in this clause:
(1) Propulsion subsystem;
(2) Guidance and Control subsystem;

(3) Electric power-supply subsystem;
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(4) Communication subsystem;
(5) Structure subsystem; and

(6) Range safety subsystem (the same as the Self-destruct subsystem).

8.1.2 Debris-mitigation measures and subsystem-level actions for realizing them

While Clause 3 of ISO 24113 introduced system-level design concepts, this clause presents a more

detailed allocation of functions and performance for each subsystem. Table 7 shows the relationships
between t]‘\n raauiramantein tha ISO Standardc and tha racammandad actiane for anch cuhouctam

T T O T T T T e T Tt T e D O D T T O T o o Ot O T O T T o o C e T O T O T S e Ot ooy Ot oIt

Table 7 — Debris-related technology and design of affected subsystem

Name of debris-related Subsystem
technology Guidance
. Power C . Range
Propulsion and suppl Communication| Structure safel
Control PPly y

Releasfing of parts, slags, etc. -

(a) Fasfteners, clamp bands, etc. Yes
1 (b) Slag from solid motors Yes

(c) Others

(d) Support structures for mul- Yes

ti-payft)ads launching

Preverjtion of fragmentation

(a) Explosion of engines, propel- Yes
lant tapks, etc.

(b) Rubturing of high pressure Yes
2 |vessel

(c) Rupturing of Batteries Yes

(d) Unlfintentional activation of Yes
self-dgstruct devices for range
safetylsystem

3 |Dispodal from protected regions Yes Yes Yes Yes
Groungl safety

4 (a) Re-entry control Yes Yes Yes Yes
(b) Improvement of demisability Yes Yes
(c) Avdidance of toxic'material Yes

8.2 Prdpulsionsubsystem

8.2.1 Debris-related design

This clause applies to the main (and Vernier) engines (motors), attitude control thrusters, ullage
thrusters (or motors), etc.

The items to be considered are shown in Table 7.
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Table 7 — Debris-related measures in the propulsion subsystem

Major components
Mitigation measures Propsl;lsstlgrrrllsub- Liquid engine, | Propellant | Pressure | yjajye, Solid
Thrusters tank vessels piping | motor

Refrain from releasing

objects Yes - Yes (slag)

Break-up prevention Yes Yes Yes Yes Yes Yes

Disposal maneuver Yes Yes Yes - -

Grjound safety Yes Yes Yes - -

Rg-entry control Yes Yes Yes = -

8.2.2 Considerations for propulsion subsystems

8.2.2.1 Refrain from releasing objects

To|refrain from releasing objects, the following items are considered, per1SO 24113:

(1) In the case of solid motors, igniters and nozzle closures should be designed to not b¢ released

wHenever possible, especially when they remain in orbit for a,long time. Solid motors, whi¢h contain

mdtal and have submerged nozzles, tend to generate and exhalist slag. They are not recomnjended for
use in GTO or near GEO and should be avoided in LEO as myg¢hvas possible.

(2] Auxiliary propulsion systems (ullage motors, retro‘motors, etc.) should not be separated, pspecially

when they are injected into a long-lived orbit.

8.2.2.2 Break-up prevention

IS) 24113 requires the probability of fragmentation during operation to be 0,001 or smaller except for

su¢h external factors as collision with debtis.

Thie following are typical modes of(fragmentation relating to the propulsion subsystem:

(1) Failures of engine or thrusters (failures of combustion related elements, turbo-pumps| turbines,
heaters of thrusters, etc);

(2] Explosion caused By a'mixture of the homogeneous set of fuel and oxidizer (As a typica] example,
a propellant tankdesign combining the fuel and oxygen tanks, separating them only by & common
bulkhead, has-caused many explosions, which are probably due to a defect of the bulkhdgad, which
allowed thé mixture of propellants);

(3] Ruptute of highly pressurized tanks or vessels caused by defects of tank structure, failures of
regulators, valves, etc.;

(4) €ertain types of gas jet thrusters can cause fragmentation due to cold-start induced by the failure

of the heater for the catalyst bed;

After the EOM (injection of payloads), energy sources of break-up as the forms of residual propellants
and high-pressure gasses are vented or relieved, according to ISO 24113, 6.2, and ISO 16127. As
addressed in 8.2.3.1, the function and performance for venting and relieving residual fluids will be
accomplished by coordinated work among related components, such as engines, tanks, pressure vessels,

valves, piping, etc.

[Information]: Complete depletion of fluids is sometimes impossible in complicated propulsion systems.
ISO 16127, (5.3.2.1) shows the tailoring guidance for such cases.
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