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ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

T

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

degcribed in the ISO/IEC Directives, Part 1. In particular, the different approval criterianeed
diffferent types of ISO documents should be noted. This document was drafted in accordanc
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torial rules of the ISO/IEC Directives, Part 2 (see 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 sugh patent rights.
y patent rights identified during the development of the document will’be'in the Introducti
the ISO list of patent declarations received (see www.iso.org/patents))

1stitute an endorsement.

an explanation of the voluntary nature of standards) the meaning of ISO specific

rld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see ww]
/foreword.html.

Thlis document was prepared by Technical;-Committee I1SO/TC 20, Aircraft and space

Su

bcommittee SC 14, Space systems and operations.

Thlis second edition cancels and replaces the first edition (ISO/TR 20590:2017), which

ted

hnically revised.

The main changes compared to,the previous edition are as follows:

text has been updated t6 be aligned with ISO 24113:2019;

information has been-added that the total number of structural elements and orbital
limited accordingtp the number of payloads;

information has been added that the ejection of slag debris from solid rocket motors is lim
in low Earth orbit in addition to GEO previously;

information relating to collision avoidance against catalogued space objects has been imj

corresponding to the new requirement limiting the total probability of successful dispos

hance are
ed for the
b with the

subject of
Details of
on and/or

y trade name used in this document is information given for the convenience of users andl does not

erms and

w.iso.org/

b vehicles,
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stages is

ted newly

broved;

al to be at

leiast n’Q, thestateofthe arttoconfirmthe r‘nmp]ianrn with thattakeninthe warld cpar‘n

ndustries

and national agencies has been added;

other information relating to the changes in ISO 24113 has been added.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introd

uction

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.

Recently, the orbital environment has become so deteriorated by debris that it is necessary to take
actions to mitigate the generation of orbital debris in design and operation of both spacecraft and the
launch vehicle orbital stages.

ISO 24113

mitigation activities.

In Clause

In Clause
provided.

In Clause
highlightg

This document provides comprehensive information on the requirementsrand recommendations fr

ISO docun

and other ISO documents, introduced in Bibliography, were developed to encourage deb

b, information about the major space debris mitigation requirements is provided.

7, the system level aspects stemming from the space debris mitigation requirements {

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

hents for the design and operation of the launch vehicles.

b, information about life-cycle implementation of space-debris-mitigation-related activitie$

ris

is

ire

Vi
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Space systems — Space debris mitigation design and
operation manual for launch vehicle orbital stages

Thiis document provides information to engineers on the requirements and recommendati

sp
orl
de

2

hce debris mitigation standards to reduce the growth of space debris by ensuring:that laun
pital stages are designed, operated, and disposed of in a manner that preventsithém from g
bris throughout 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

irle orbital

bns in the
ch vehicle
enerating

ir content
plies. For
5) applies.

ISP 24113:2019, Space systems — Space debris mitigationxequirements

3 | Terms and definitions

For the purposes of this document, the termsiafid definitions given in ISO 24113 apply.
ISQ and IEC maintain terminological databases for use in standardization at the following addiresses:
—| ISO Online browsing platform:.available at https://www.iso.org/obp

—| IEC Electropedia: availabletat http://www.electropedia.org/

4 | Symbols and abbreviated terms

CDR critical design review

CNES Centre National d'Etudes Spatiales

COPUOS Committee on the Peaceful Uses of Outer Space

CSpoe Combined Space Operations Center (USA)

DAS debris assessment software (NASA)

DRAMA debris risk assessment and mitigation analysis (ESA)

E. expected number of casualties

EOMDP end-of-mission (operation) disposal plan

EOL end-of-life

ESA European Space Agency

© IS0 2021 - All rights reserved
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FDIR failure detection, isolation and recovery

FMEA failure mode and effect analysis

GEO geostationary Earth orbit

GTO geosynchronous transfer orbit

IADC Inter-Agency Space Debris Coordination Committee

JAXA Japan-Aerospace Exploration-Agency

LEO low Earth orbit

LV launch vehicle

NOTAM notice to airmen and notice to mariners

NM notice to mariners

PDR preliminary design review

QA quality assurance

QR qualification review

S/C spacecraft

SDMP space-debris-mitigation plan

SRR system requirement definition review,

STELA semi-analytic tool for end of life:analysis (CNES)

UN United Nations

5 System-level activities

5.1 General

To accompplish comprehensive activities for debris mitigation work, the following steps are consider¢d:

a) Identifying debris telated requirements, recommendations, and best practices.

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

c) Applyling debris mitigation measures early and throughout development and manufacturing|to
assur sound - debricmitigation canabhility i tha final e n Ay ot

OO e OT T T I O IO CO PO oTIrCy Tir oot prooocts

d) Applying appropriate QA and qualification programs to ensure compliance with debris mitigation
requirements.

e) Applying appropriate procedures during operation/utilisation and disposal to implement proper
space debris mitigation.

This clause provides information useful for taking comprehensive action at the system level. More
detailed information for action at the subsystem and component levels is provided in Clause 8. The
following specific subjects are emphasized:

— limiting the release of objects into the Earth orbit;

2 © IS0 2021 - All rights reserved
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— preventing fragmentation in orbit;

— proper disposal at the end of operation;

— minimization of hazards on the ground from re-entering debris;
— collision avoidance during launch at least for inhabited systems;

— quality, safety, and reliability assurance.

5.2 Design for limiting the release of objects

5.2.1 Intents of requirements in ISO 24113

ISO 24113:2019, 6.1, requires avoiding the intentional release of space debris intosEarth orpit during
nofmal operations, including general objects such as fasteners, fragments (larger than 1 jmm) from
pyrotechnics, slag (larger than 1 mm) from solid rocket motors, etc.

Thie following objects are concerned:

a) | objects released according to the mission requirements (not directly indicated in ISO 24113:2019,
6.1.1.1, though);

b) | mission-related objects, such as yo-yo de-spinners, fastehers and other parts (ISO 24113:2019,
6.1.1.1);

c) | total number of structural elements in multi-payloadslaunches and orbital stages. (ISO 24113:2019,
6.1.1.2);

d)| fragments and combustion products from pyrotechnic devices (ISO 24113:2019, 6.1.2.1);
e) | slag from solid motors (ISO 24113:2019,6.1.2.2).

ISQ 24113 implies that if objects are unavoidably released despite the requirements, the orbitpl lifetime
of puch objects in LEO and the interference with GEO is limited as described in ISO 24113:2019, 6.1.1.3
(a fypical example is the support structure utilized in a multiple payloads mission).

5.2.2 Work breakdown

Table 1 shows the workibreakdown as delineated in ISO 24113 to prevent the release of debrik.

Table 1 — Work breakdown for preventing the release of debris

Process Subjects Major work

Preventive-méasures |Identification ofre-|a) Take preventive design to avoid releasing objects that yould turn
leased objects and into space debris.
design measures

b) Minimise the total number of structural elements|in multi-
payloads launches, orbital stages, etc.

c) Ifrelease is unavoidable, designers estimate the orbital lifetime
of released objects and check compliance with ISO 24113:2019,
6.1.1.3.

d) Apply pyrotechnic device which doesn’t eject fragments or
combustion product.

e) When applying the solid motors, the possibility of generation of
slag and its risk posed to environment will be assessed.

© IS0 2021 - All rights reserved 3
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Table 1 (continued)

Pro

cess Subjects Major work

Corrective actions |Trouble shooting |Reference: If an object would be released unexpectedly, it is investi-

gated and taken appropriate action to avoid repeating the release in
the following missions.

5.2.3

Identification of released objects and design measures

a) Mission-related objects

b)

d)

The f(l)llowing objects are concerned (ISO 24113:2019, 6.1.1.1):

1) n
e

2) ¢
3)

LT ©n

Struc

ISO 2

one f¢r the launch of a single spacecraft and two for the launch of multiple spacecraft. Genera

“spac

This tequirement seems to prohibit to inject multiple:stages in any instance. However, consider

the u

be unfderstood in a slightly different way. For example, in the case that a three-stage LV is design

ected into space after ignition (particularly if their orbital lifetimes are longer thanw25 yeat

amp bands that tie the S/C and launch vehicles;

e mentioned in 1S024113:2019, 6.1.1.2 and 6.1.2.
fural elements in multi-payloads launches, orbital stages, etc, (ISO 24113:2019, 6.1.1.2)

1113:2019, 6.1.1.2 requires limiting the total number of orbital stages and “space objects’

e objects” means structural elements such as payload\adaptors.

timate objective to minimize the number and\mass of orbital objects, this requirement ¢

bzzle closures for propulsion devices and certain types of igniters for solid motors, which are

s);

fructural elements used in multi-payloads launches, fragments and combustion products frpm
yrotechnic devices, and slag from solid motors are excluded from 1S024113:2019, 6.1.1.1, hut

to

[1y,

ng
an
ed

to leayve two stages in orbit during the launch-of'a single spacecraft, if the second stage has a vgry

short
total

in orbit, it is an option worth studying:Careful analysis is needed to confirm the benefit bef
applyjng this requirement.

Fragments and combustion prdducts from pyrotechnic devices (1SO 24113:2019, 6.1.2.1)

Adequately designed devides are selected to avoid the release of fragments or combustion produg

decay life, the third stage is relatively'small, and that the total in-orbit collision risk and {
re-entry casualty risk are demonstrably lower compared to the option of leaving one stg

he

ge
re

It is possible to apply patts that trap all fragments and combustion products larger than 1 mm

insid¢ for segregation:

Combjustion prodiiets from solid motors (ISO 24113:2019, 6.1.2.1)

el

1y

— s

Circulating gases can concentrdate some metalized slag wnich can be ejected In oroit.

{ is preferable not to use an upper-stage with solid propulsion potentially leaving debris
1} opbit (slag, throat elements), especially if the altitude of the orbit is higher than tha]
jhabited systems, and if the solid propulsion system conception includes a dead-zone whé¢re

of

2) Itistaken into consideration that if a solid motor is fired to decrease the velocity of the orbital
object, to deorbit it for instance, as the particles velocity would increase with that of the orbital
object, leading to an increase in apogee of the particles.

Estimation of orbital lifetime (ISO 24113:2019, 6.1.1.3)

The orbital lifetime of released objects is assessed as specified in ISO 27852. ISO 27852 designates
acceptable analysis methodologies the user employs dependent upon the orbit regime. The available
simplified tools that are admissible to estimate the long-term orbital lifetime are introduced in

5.4.3.

1.

© ISO 2021 - All rights reserved
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5.2.4 Monitoring during operation

The released objects, if they are large enough to be detected from the ground, can be confirmed by
ground-based space tracking facilities to ensure that they are released as expected and that their
orbital lifetimes are sufficiently short. The Space Situation Report provided by the US Combined Space
Operations Center (CSpOC https://www.space-track.org/auth/login) provides a good reference.

5.2.5 Preventing failure

If objects are released unexpectedly, the origin of the objects can be identified to help prevent

re
rey

5.]

5.3

5.3

IS
en
thg

Wi
lau

5.3
Tal

UTTENce 1M fUTUTe MISSIons. Because SUch phenomena can indicate a matfunction, the_s
riewed carefully, and appropriate action is taken to prevent further abnormal conditions,

8 Break-up prevention
.1 Break-up caused by intentional behaviour, or stored energy

.1.1 Intents of requirements in ISO 24113

24113:2019, 6.2 requires the prevention of break-ups caused\by intentional behavio
brgy, collision with large objects, and impact of tiny debris or meteoroid. This subclause i
 result of study for the break-ups due to the intentional beha¥iour, and the stored energy.

nile ISO 16127 addresses the prevention of break-ups of\S/C, it also provides useful informa
nch vehicle.

.1.2  Work breakdown

ble 2 shows the work breakdown as delineated in ISO 24113 to prevent orbital break-up.

Table 2 — Work breakdown for preventing orbital break-ups

tuation is

ur, stored
ntroduces

Fion to the

Process Subjects Major work

Pri

sources/of breakup after operation.

eventive measures | Identification of Identify components that can cause fragmentation during or

Design theasures 1) Preventive designs to limit the probability of
break-up during operation no greater than 10-3.
with FMEA.

2) Providing functions to prevent break-ups after dis

3) Preventive design to avoid an unintentional dest
a self-destruct system caused by miss-comman
heating.

Accidental
Confirm it
bosal.

ruction of
l or solar

Ri

o accful dicaocal e a nic ot Ioley fortba docicion +o oo

ckdetection Monitoring for 1) Providing functions to monitor the health of Velﬂicle at the

controlled re-entry.

2l ava 133 icd r\d to the
JUCCCTIITOUrT \ALJ}JUJHA C1lICICOT CVCITCY Pul cIcuarar AJ TUT CIIC UCTTITUIT CO yl \vA =) o

2) In the case of controlled re-entry, the critical parameters to
decide the initiation of re-entry action are monitored.
3) All the cases including the non-controlled re-entry, some

parameters to identify the successful execution of critical
operation, such as re-ignition, separation of payload,
passivation, etc. are being monitored.

Actions in operation
phase

Preventive measures
for break-up

Energy sources for break-up are removed (residual propellants,
high-pressure gas, etc.) or designed to assure safety so as not to
cause break-ups after the end of operation.

© IS0 2021 - All rights reserved
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5.3.1.3 Identification of the sources of break-up
The following launch vehicle subsystem or elements can be potential causes of break-ups:

a) propulsion subsystems and associated components (rocket engines and solid motors, tanks, tank
pressurizing systems, valves, piping, etc.);

b) electrical batteries;

c) pressure vessels and other equipment (such as pneumatic control systems);

d) self-dpstructsystems for Tange safety.

5.3.1.4 |Design measures
Nowadayy, the following aspects are incorporated into the design of launch vehicles.
a) Avoidiing accidental break-ups during operation
Per I40 24113, the probability of accidental break-up is no greater than 10-3until its EOL.

ISO 16127 is designed to apply to the S/C, but ISO 16127:2014, Auhex A provides adequate
instryctions to engineers on coping with complicated subsystems sueh.as liquid rocket engines.

To prevent the unintentional explosion of self-destruct charges, the command destruct receivers
are tiirned off after passing through the range safety areas(to prevent explosion due to mifss-
commnand.

b) Prevdnting break-ups that occur after the end of operatien

The fpllowing items are the typical measures toiprevent fragmentation for each of the items
identified in 5.3.1.3. More detailed information\for each subsystem or component is described in
Clausk 8.

1) Reesidual propellants in the propulsiofysystems and associated components
—+ burning residual propellants to depletion;

-+ venting residual propellant until its amount is insufficient to cause a break-up by ignitjon
or pressure increase'from tanks and lines;

—+ adequate design-of tank. (Historically, some explosion events of the orbital stages and the
assist modulés'were caused by a type of propellant tank design combined fuel and oxygen
tanks, separating them only by a common bulkhead.)

2) Hligh pressure fluids

- yenting pressurized systems.

3) Rlange safetv systems
(=] J 7

— prevention from inadvertent commands, thermal heating, or radio frequency interference.

5.3.1.5 Preventive measures for break-up after mission completion

After separation of payloads, the major sources of break-ups (examples listed in 5.3.1.3) are mitigated
(vented or operated in safe mode) according to ISO 16127:2014, 4.4.

Residual propellants and other fluids, such as pressure gasses, are depleted as thoroughly as possible,
by either depletion burns or venting, to prevent accidental breakups by over pressurization or chemical
reaction. Opening fluid vessels and lines to the space environment, directly or indirectly, at the
conclusion of EOM passivation, is one way to reduce the possibility of a later explosion or rupturing,

6 © IS0 2021 - All rights reserved
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especially if the stage thermal configuration and solar aspect angle allow for a vaporisation of the
remaining propellant.

The passivation actions are usually monitored to confirm the successful disposal.

5.3.2 Avoidance of collision

There are no definite requirements for collision avoidance of the launch vehicles in ISO 24113. However,
the UNCOPUOS Space Debris Mitigation Guidelines[3] address that "the probability of accidental
collision with known objects during the systems’ launch phase and orbital lifetime should be estimated
anptimmitedAndifavaitable orbitat dataimdicate a potemntiat cotision, adjo eIt O etaumrh time or
an|orbital avoidance manoeuvre should be considered".

For the launch vehicle, the only way to avoid collision is to coordinate the lift-off time solas nof to collide
with known objects and ensure no collisions until a space surveillance network, e,gyESpOC, determines
th¢ orbital characteristics of orbital stages and other released objects.

However, since the dispersion of flight trajectories complicates the avoidance of collision with all
knpwn objects at later times, the best practice is at least to avoid collision with inhabited systems
wHose operational plan is disclosed (ISS, etc.), primarily for safety reasons. When it is obvious that lift-
offltimes or flight trajectories conflict with known objects, it is desirable to avoid these lift-off times or
flight trajectories.

Thie criteria and procedures for collision avoidance have @10t been globally defined yet. [The basic
cohcept is that a launch service provider assures that each stage of the launch vehicle, payload, and
other objects separated from the stages would not collide for a few days (two days, for example) after
lifg-off until a space surveillance network, e.g. CSpOC, determines the orbital characteristics| of orbital
stdges and all the objects separated from them.

5.4 Disposal manoeuvres at the end ofoperation

5.4.1 Intents of requirements in 1ISO-24113

ISQ 24113:2019, 6.3 addresses the.disposal of a spacecraft or launch vehicle orbital stage jat end-of-
migsion and requires that probability of successful disposal (PSD) be larger than 0,9. This requirement
is based on the research conducted by IADC that, to keep the LEO environment stable, LEO spqce system
is femoved from the LEO protected orbital region within 25 years, on the condition that the 90 % of the
space systems are dispgsed properly.

Thie probability is €valuated based on mainly the inherent reliabilities of disposal function{However,
sirjce such probahility is dependent on several other factors which are identified in ISO 24113,/and some
of them are unmeasurable factors, there is no method to demonstrate perfectly the complipnce with
this requirement quantitively. These factors are:

a) | the'uncertainties in the availability of resources, such as propellant;

perational

b) He inheren a D em monitoring o hose subsvstems angd

remediation of any observed subsystem degradation or failure;

c) the risk that a space debris or meteoroid impact prevent the disposal (not mandatory).

In the case of spacecraft, the compliance is assessed with comprehensive design and operation measures
and procedures. In the case of the launch vehicle, the reliability at the end of mission is assessed with a
normal procedure; and the resources for disposal maneuverer is assured. The matters of the probability
of impact with debris and meteoroid, or the effect of life extension, are not concerned.

ISO 26872 provides more detailed requirements and procedures for the disposal of GEO missions (the
mission of direct injection of GES) to comply with the high-level requirements stated in ISO 24113;
and ISO 16699 provides more detailed requirements and procedures for the disposal of launch vehicle
orbital stages in LEO missions.

© IS0 2021 - All rights reserved 7
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5.4.2 Work breakdown

Table 3 shows the work breakdown as delineated in ISO 24113 to protect orbital regions.

Table 3 — Work breakdown for the preservation of the LEO-protected region

Process Subjects Major work
Preventive Estimate the orbital |Estimate the orbital lifetime after payload separation and define a
measures lifetime and define a |disposal manoeuvre plan.

disposal plan
Disposal planning One of the following methods is applied. (ISO 24113:2019, 6.3;3.2):

a) retrieving it safely to Earth, as per ISO 24113:2019, 6.3°3,2, a),[or

b) performing a controlled re-entry with a well.defined impgct
footprint on the surface of the Earth, or

c) allowing its orbit to decay naturally in{aecordance with the
specified 25-year limit for orbit lifetime, or

d) manoeuvring itto reduce the remaining time to comply with the
specified 25-year limit, or

e) augmenting its orbital decay by deploying a device to reduce the
remaining time to comply)with the specified 25-year limit.

The option to manoeuvie~a perigee altitude to above the LEO
protected region was deleted in ISO 24113:20109.

Disposal function Functions and resources are provided to remove orbital stages (e.g.
and resources restart function ofmain engine, secondary propulsion systems, or
independent thiusters) from the protected orbital region.

CA

Reliability of disposal | Design thereliability of disposal function in development life cycle
function or confirmit in the production life cycle.

Action in ¢pera- |Disposal sequence Disposal operations are executed in the proper sequence.
tion phasg

5.4.3 LEO mission

5.4.3.1 [Estimate the orbitallifetime and define a disposal plan

For LEO nfissions, ISO 16699:2015, 5.3 shows the planning and documentation for a disposal manoeuvre.
ISO 27852 shows the §teps and tools to estimate the orbital lifetime in more detail. The precision of
analysis i dependent’on the algorithm; and using high-precision algorithms, it takes several hourg to
complete fhe analysis, which is not adequate for use in the early phases when the exact operation plan
has not bgen fied. Tools are selected during the design phase.

There are|séveral tools available to calculate the orbital lifetime, for instance:

a) IS0 27852 introduces “STELA” available via the CNES freeware server. As of October 2020, the latest
version is 3.3, and it can be downloaded from https://logiciels.cnes.fr/content/stela?language=en.

NASA is releasing “DAS (debris assessment software)” (since October 2020, latest version is v 3.0.1),
which has functions to analyse various debris related matters comprehensively, including the orbital
lifetime analysis (https://orbitaldebris.jsc.nasa.gov/mitigation/debris-assessment-software.html).

b) ESA provides the DRAMA tool available at https://sdup.esoc.esa.int/.

c) Other viable commercial off-the-shelf (COTS) toolkits exist to determine orbit lifetime.

8 © IS0 2021 - All rights reserved
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5.4.3.2 Disposal planning
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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 ISO 16699:2015, Clause 7.

5.4.3.3 Disposal function and resources to transition to disposal orbit

a)

It is thought to be better to provide liquid propellant engines with a re-start function to
disposal manoeuvre after payload separation.
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Drag-enhancement, solar radiation pressure, or other devices can also be used.

1.3.4 Probability of successful disposal

the case of S/C, since it is not easy to comply with requirement of the probability, ISO 24
0, Note 2 to entry states: “The calculation of this probability can includ€ the inherent relis
bsystems that are necessary to conduct the disposal, monitoring of those subsystems, and o]
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ediation of any observed subsystem degradation or failure”. However, in the case of laun
eving compliance is usually considered easier, since the mission duration is so short th
need to be conscious about the degradation of reliability, limitof the useful lifetime, degr
mponents, probability of debris impact, etc.

24113:2019, 6.3.1.3 requires spacecraft to decide on'initiating the disposal action in
nditions to assure a successful disposal. However, for.the launch vehicle orbital stage, it is
t the case of controlled re-entry and requires developing a specific criterion to allow init
entry operation and if met, consequent actions:are executed. This requirement intends to
 re-entry risk due to the unsuccessful controlled re-entry.

TE ISO 24113:2019, 6.3.1.3 supports an~on-board Go/NoGo criterion and computation to

ether a controlled re-entry is to be pursued'or not, in real time. This criterion considers the status g
onics, remaining propellant, etc.

1.4 GEO missions and other high-elliptical orbit missions

[.4.1 General

tailed requirements and procedures for GEO S/C are defined in ISO 26872. The concept g
thods of launch yehicle orbital stages for the mission of direct injection of GES, is similar t¢
t GEO S/C.

ere are several methods to launch a GEO S/C; and the typical methods are the following:

High elliptical GTO: this is the most typical case in which the perigee altitude is within
the LEO protected region, and the apogee altitude is near GEO. The S/C is transferred

thyictare ~o o
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113:2019,
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adequate
applied to
iating the
minimize

determine
f on-board

f disposal
those for

r close to
to GEO by

firing its apogee kick propulsion system.

Direct injection: the orbital stages reach the circular orbit near GEO. The S/C is transferred to GEO

with the S/C control function.

Another 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 case of the high elliptical GTO mentioned in 5.4.4.1, a), orbital stages left in GTO after payload
injection generally pose a risk to both GEO and LEO protected regions.

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=084730a0b448331ef027a1bcf1ccd98e

ISO/TR 20590:2021(E)

It is desirable to place the perigee altitude as low as possible to limit orbital lifetime to shorter than
25 years. However, as explained in ISO 27852:2016, 5.6, since it is difficult to estimate lifetime in GTO
with a specific value due to the perturbation caused by the solar reflection and the gravities of sun and
moon, it is better to provide the maximum lifetime corresponding to the planned perigee altitude while
indicating its probability (e.g. If the perigee will be sent to 200 km, the lifetime will be shorter than
25 years, with a probability of 0,9). This probability can be counted outside the probability of successful
disposal. If the right ascension of the ascending node (RAAN) can be controlled well by adequately
selecting the lift-off time, the orbital lifetime can be greatly reduced.

If the orbltal stages have are-start functlon in the main englne the decreasmg of elther apogee altitude

the GEO
lowering
at reduci

In some
not availa
altitude.

5.4.4.3
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GEO prote
in GEO; ar
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There arg
requires t
required:

a) Ellipt
LEO 3
will b
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the G

5.5 Grd

5.5.1 In
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rotected reglon but orbital llfetlme Cannot be shortened SIgnlflcantly On the otheryha

he perigee altitude takes longer time to avoid interference with GEO; but it is morg effici¢

g the orbital lifetime.

issions, perigee altitude can be as high as a few thousand kilometres; and nataral forces :
ble to decay the orbit. In this case, the apogee altitude is placed 200 km lower than the G

Direct injection

e of direct injection, the orbital stage and payloads are typicallysent directly into or near {
cted region. Then, the payloads perform manoeuvres to meye to the planned operation or
d the orbital stage is left outside the GEO protected region:

Other elliptical orbits

missions which are not GEO missions but injéct payloads in an elliptical orbit. ISO 241
he same measures for such missions as for GFO missions. This means that the following :

c orbit: if apogee altitude is lower than the GEO area, and the perigee altitude is above f{
rea. If there will be no risk to the GEQ and LEO protected regions for at least 100 years, th¢
e no suggestions for those objects;

0 altitude is not reachable/such orbit will be avoided where possible.
und safety from@re-entering objects

tents of requirements in ISO 24113

:2019, 683.4'requires ensuring ground safety from re-entering objects.

ork'breakdown
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bit

13
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ISO 27875 indicates the risk assessment procedure. Table 4 shows the work breakdown as delineated in
ISO 24113 to assure ground safety from re-entry.

10
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Table 4 — Work breakdown related to ground safety from re-entry

Process Subjects Major work
Preventive measures |Identification of|Identifythere-entrysafety requirementsimposed contractually,
requirements voluntarily, or by national or international authorities.
Hazard analysis to esti- | Hazard analysis is conducted to estimate the expected number
mate the casualties of casualties and the pollution on the ground.
Design measures (1) During design phase, the casualty risk is limited in

accordance with norms issued by approving agents.

(£) Frevent environmental pollution on the ground.

(3) If the expected number of casualties is (argey than the
requirement, a controlled re-entry is planned (IS0 27875).

(4) Ifthe casualtyriskissmall enough comparing to the criteria
imposed by the authority, and\effective and| practical
measures were taken to reduce it, the unfontrolled
re-entry is selected.

Rigk detection Notification of impact |For controlled re-entry, notifications are sent to all[countries
that can be affected or will b®sent through the NOTAM and NMs
systems.

Adtion in operation Conduct controlled (1) Conduct controlled re-entry as planned.

phase re-entry and Monitor-

ing (2) Monitor théae-entry procedure and take adequlate action

in abnormal situations.

5.3.3 Preventive measures

5.3.3.1 Identification of requirements

Thie first step is identification of re-entrysafety requirements imposed contractually, voluptarily, or
by[national or international authorities. ISO 27875 indicates the risk assessment procedure without
mgndating quantitative requiremepnts.

ISQ 27875 provides procedures-for assessing, reducing, and controlling the potential risks that the
re{entering launch vehicle. lorbital stages pose to people and the environment, but does|not show
qupntitative criteria even-for the risk of expected number of casualties (E.), which is defined by
appropriate regulatory: bodies. ISO 24113 mentions a quantitative threshold of 10-* as § common
example.

Note ISO 24113:2019, 6.3.4 mentions “casualty risk”, but, as ISO 27875 points out, there are another risk
indluding envifonmental pollutions. Therefore “re-entry risk” is understood as comprehensive risk [defined by
approving agents.

5.5.3.2\" Hazard analysis

As specified in ISO 27875:2019, 5.2 and 5.5, safety requirements are identified; and the hazard risks
are estimated using approved processes, methods, tools, models, and data. Then, the estimated risk is
assessed to determine the necessity of risk reduction measures.

If the expected number of casualties exceeds the criteria, despite the design improvement (see 5.5.3.3,
or ISO 27875:2019, 6.2), the impact area is controlled according to ISO 27875:2019, 6.3. Because the
system concept can be affected significantly depending on whether the controlled re-entry will be
applied, the decision is made early enough to reflect it in the system specifications.

NOTE1 At present, there is no consensus on the standard analysis tools or algorithms, analysis conditions,
thermal properties of materials, distribution model of human population with prediction models for the future,
or even formulae to calculate casualties from the size of object impacts. These factors depend on the technical
judgment or management decisions of organizations.
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NOTE 2  Several national agencies have developed re-entry survivability analysis tools for their own use.
For rough estimation, there are several analysis tools avallable 1n the world, such as DAS (debrls assessment
software) provided by NASA (available at https:
-software.html ) and the DRAMA tool by ESA (available at https: //sdun 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.

5.5.3.3 Design measures

5.5.3.3.1 Design for demise

Even in tllle case of a controlled re-entry, since the risk of re-entry on the ground is assessedy*the
product of the failure rate of related functions and the expected number of casualties in the ¢dse of
natural rg-entry, it is better to design as much as possible for objects are easily demised.

Generallyf the following are taken in the design phase; but some of them can be limited.to the orbital
stages.

a) Selection of adequate materials

Whenever possible, materials with a high melting temperature, specific heat) and heat of fusion, sych
as titanium or beryllium, are replaced by other materials with thermal characteristics that encourgge
demise. Generally, propellant tanks and high-pressure bottles made oftitanium have been found on the
ground affter surviving a re-entry. There are tanks made of aluminium'alloy, which seems to be betfer
in terms df thermal characteristics that encourage demise.

b) Multiple materials, thinner wall thickness, etc.

Sometimgs, a material that does not undergo demise can'be replaced by multiple materials that|do
undergo demise and still maintain structural integrity:-*For example, a dummy mass or balance weight
can be designed as a set of multiple metal plates instead of one thick, solid mass.

If there is[enough structural margin, and if it is possible to reduce wall thickness without changing the
dimensions, the material can undergo demiselmore readily.

c¢) Expogure to the ablation environment

Components that will be exposed( to the ablation environment can undergo demise more readjly.
If propellaint tanks or high-pressure bottles are located so that they are exposed to the atmosph¢re
during refentry, they can undergo demise more readily. However, this exposure to the atmosph¢re
incurs dispdvantages duringthe orbit phase in terms of protection from the thermal effects and debjris
impact.

5.5.3.3.2 | Prevention of environmental pollution on the ground

Efforts arg also\be made to avoid polluting the environment with toxic substances (including radioactjve
materials) as-required in ISO 27875:2019, 5.6.

5.5.3.3.3 Specific design for controlled re-entry in subsystem level

Subsystem engineers, who are involved in controlled re-entry from the aspects of not only propulsion
subsystem but also power, guidance, and communication subsystems, consider specific functions and
performance, as well as support of the ground station. It is also necessary to define uninhabited regions,
such as broad ocean areas, which accept the footprint of survived fragments. For these reasons, the
decision to use a controlled re-entry is made early in the design and development cycle, before system
specifications are set.

For example, a controlled re-entry can 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.

12 © IS0 2021 - All rights reserved
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5.5.4 Risk detection: notification

[SO 27875:2019, 7.5 defines the notifications in case of a planned re-entry event.

5.5.5 Countermeasures: controlled re-entry and monitoring

2021(E)

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

5.6 Reliability and QA

It
for

Th
pr

s important to ensure enough reliability and quality. ISO 16127:2014, 5.1 contains thefmeq
reliability and quality control to prevent failures that can lead to a break-up event.

e methodology for assessing break-up probability and the probability of sucgessful d
pvided in ISO 24113:2019, 6.2.2 and 6.3.1.

Thie trade-off between cost reduction and quality/reliability always existsin-the developmer
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tems. Levelling QA according to the importance of a mission is typically conducted duri
nagement. However, note that orbital stages with low quality canbecome debris in orbit
k to other space operators.

27025 provides the quality assurance system and a wider,scope consisting of product 3
hlity assurance; and ISO 23460 provides dependability assurance.

Debris-related work in the development life cycle

General

typical phased planning of the develppment life cycle is illustrated in Figure 1, acg
14300-1

m an early phase in the life cycle of the orbital stages, the preservation of the orbital enviy
hsidered when creating a system concept and is realized throughout the development and

p

Concept of debris-related work in each phase
e following debris-related activities are considered in each phase (see Table 5):

The mission/requirement analysis phase (pre-phase A) consists of an initial definition
performancé-"according to the strategy of launch service business. The debris 1
requirements are identified as a part of the requirements, such as design requiren
reguldtory constraints.

The ‘feasibility phase (phase A) consists of exploring the various possible concepts so 3

lirements

isposal is

t of space
g project
nd pose a

ssurance,

ording to

onment is
pperation.

of launch
mitigation
hents and

S to meet

the defined objectives (performance, cost, and schedule), as defined in ISO 14300-1:2011

8.2.3.The

d)

©lI

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 control function

and design reliability, which affect system design and cost.

The definition phase (phase B) consists of a general concept of the launch vehicle system as defined
at the end of the feasibility phase, as defined in ISO 14300-1:2011, 8.2.4. All the major debris
mitigation concepts that impact functions, performance, allocation of resources, and reliability are

reflected in the system level technical specification.

The development phase (phase C) consists of creating a detailed study of the proposal selected
upon completion of the definition phase, as defined in ISO 14300-1:2011, 8.2.5.3.1. The purpose of
this phase is to obtain a qualified design for the mass production of deliverable products required

S0 2021 - All rights reserved

13


https://standardsiso.com/api/?name=084730a0b448331ef027a1bcf1ccd98e

ISO/TR 20590:2021(E)

f)

g)

for system operation and support. All the debris mitigation design and operation procedures are
defined.

The production phase (phase D) consists of manufacturing and delivery to the customer (typical
example is a launch service provider). Qualification of the product design and production
procedures marks the end of the production phase.

NOTE In the routine production flow after qualification, a pre-shipment review is conducted to
confirm the configuration and quality to proceed to launch site operations. This means that the detailed
configuration and mission profile of the vehicle have been defined for each launch mission according to the
mission analysis. Flight trajectory, propellant allocation, disposal sequence, etc. are confirmed.

During the utilization phase (phase E), at the final launch preparation at the launch site, lift{off
time is confirmed, ensuring to avoid collision risks between inhabited mission systems ifrequirgd,
followed by lift-off.

During the disposal phase (phase F), after injection of payload, disposal manoeuvres-and breakjup
prevention procedures are conducted.

In all thq above phases, debris-related characteristics are identified and realized in design gnd
implemenjted by the completion of disposal. The output of each phase is reviewed at the end of egch

phase.

Debris-related measures that have an impact on design and options for solutions are described|in
Clause 5. ubsystems and component-level information is provided jin‘Clause 8. A typical phased planning

of the devglopment life cycle can be illustrated as depicted in Figure 1, according to ISO 14300-1.

14

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=084730a0b448331ef027a1bcf1ccd98e

2021(E)

ISO/TR 20590

MJIA3I pue
sisATeue 3y31jj-14

MIIADI
Ssaurpeal youne|

|

uonodafur
aseyd peojded
[esodsiq pue 31

JJo-y1p
pue uonetado
91IS youne]

4 9seld aseyd uonezin/4 aseyd

921AI3S Youne[ yoea 10j
Mmataal yuawdiys-aad 10
(4D) maraa1 uonesyIENY

(4an) maraax
ugisap [ednLI)

' v

<uoneltado [e3qIQ>

(4ad) mamaaa
udisap Areurwra.d

<dopresado youne >

suoneoyads
[ea1uy29}

[9a9] 1amoT (Z)
uoneoynads
[earuyo9}

washs (1)

‘\I/

uoneoynads
[earuydsyAreurwipad (z)

‘Uoneoynads
[euonounj @oua19ay (1)

uoneoyads
[euonouny
[euoisiaodd (z)
uontuyap uorssiy (1)

1r

112

1r

aseyd uononpo.

a aseyd

aseyd
juawdoreaa(g

D aseyd

aseyd uoniuyaq

g aseyd

aseyd A[iqises

v oseyd

aseyd sisA[eue
syuawambag uoISSI

v aseyd-a.1d

Figure 1 — Typical phased planning of the development life cycle
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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:

a) identifying the debris-mitigation requirements in ISO standards, national regulations, etc.;

b) identifying 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) presented requirements only for mitigating the generationof debris. It does ot
address cpllision avoidance, but the UN Space Debris Mitigation Guidelinesl2\récommends estimat|ng
and limitihg the probability of accidental collision with known objects duringthe systems’ launch phalse,
and consiflers adjustment of the launch time, if available orbital data indicates a potential collision. Jee
UN Space Debris Mitigation Guidelines[3] 4.5 (1).

6.4 Feasibility phase (phase A)

The outpyit of this phase is reflected in the system reguirements document (specifications). This
documen{is reviewed during the system requirement definition review (SRR).

The variofis possible concepts are studied to meet the.defined objectives. Mission requirements, debris-
related refquirements, and other regulatory rules are considered.

The following aspects are considered:

a) The requirements regarding not releasing objects provide normative content for the selection of
types|of propulsion systems (solid,shybrid, or liquid).

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

c) Dispdsal requirements-provide normative content for the basic configuration of staging structure
and tr]xe allocation ef.function for each stage.

d) Re-erftry safetyrequirements provide normative content for the design of associated subsystems
relatdd to controlled re-entry, including the radiation hardness design for avionics.

6.5 Defiinition phase (phase B)

6.5.1 Workin phaseB

The output of this phase is reflected in the system specifications and subsystem specifications (draft).
They are reviewed during the preliminary design review (PDR).

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.

NOTE 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 can
impose a heavy burden on the functional and performance characteristics is fixed no later than in this phase.
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The concept to comply with ISO 24113 is defined in the space-debris-mitigation plan (SDMP) as defined
in ISO 24113:2019, Clause 7.

6.5.2 Work procedure

a)

Basic concept

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

its effects
a mission

b)

6.6 Development phase (phase C)

In
Sp

Thiis phase includes the task necessary to complete-the designed state of the system and of

co

Du
a)

b)

Information of debris mitigation measures in system design

1) Inthe allocation of propellant, the propellant for disposal manoeuvres and controlle
manoeuvres are considered.

2) Inthe allocation of reliability, the probability of break-up during operation is conside

3) Inplanningthe controlled re-entry, the manoeuvre sequence and.thé function and pef
of the propulsion subsystem are studied by the end of this phase. Moreover, the tot
including the ground control and monitoring system, is studied by the end of this phz

this phase, the system specifications are allocated at the component and part leve
pcifications, the functional and performance requirements are defined to satisfy the SDMP

mponents. The result is reviewed during the critical design review (CDR).
ring the above procedure, the following are‘considered:

Reliability and QA

for the safety of the other operating S/C in orbit. See [SO 16127:2014, 5.1.
Break-up prevention and safety control

Major causes of break-up are explosion of the propulsion subsystem and the ruptur
pressure vessels,“To prevent those causes of break-up, appropriate design measures (pre
the mixture of'birpropellants, robust structural design, etc.) are essential.

Prevent thelrelease of parts

According to I1SO 24113:2019, 6.1, orbital stages are designed so as not to release object
beceme orbital debris (such as clamp bands, nozzle closures, combustion-related product

1 re-entry
red.
formance

h] system,
se.

Is. In the

bach of its

Again, reliability and QA for orbital stages are essential not only for mission completiomn, but also

e of high-
vention of

5 that will
S, igniters

for'solid motors) during normal operations.

d)

©lI

Disposal after the end of operation

During the design phase, enough propellant is allocated to carry out the disposal manoeuvre.

Safety assurance from ground impact after re-entry

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

ground pollution is avoided.

2) Ifthere 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 manoeuvres, error analysis, pre

diction of

the footprint of surviving objects, etc. Controlled re-entry requires a propulsion subsystem

satisfying such objectives, enough propellant, and specific designs for avionics (des

S0 2021 - All rights reserved
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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).

6.7 Production phase (phase D)

6.7.1 Workin phaseD

There are no specific debrls related requlrements for manufacturmg and ver1f1cat10n/va11dat10n if the
o and

productio
productio

672 Q

procedures are quallfled at the end of thls phase (see 6.7. 2)

nalification review

In the quallification process, the final design and manufacturing procedures are verified-through test

and desig
The follow

a) list of]
b) list of]
c) amor

feasil

d) adisp
e) grour

f) ifcon

h evaluation or demonstration.

ing items are reviewed at the QR:

parts that are designed to separate or be released;
sources of break-up energy;

itoring system for detecting critical malfunctions that carycause break-up as far as technica
le;

osal operation plan and data that is transferred toithe operation phase;
d casualty expectations if the orbital stages are disposed of by orbit decay;

[rolled re-entry is planned, review of the eperation plan;

g) plan for notifying air traffic and maritimetraffic authorities, in the case of controlled re-entry.

6.7.3 Launch service

After qug
correspor
defined; t

6.8 Util

Lift-off ti]
from the ¢

Debris mi

lification, the launch vehicles are applied to routine service. For each launch missi
ding to launch missiofi requirements, mission analysis is done; system configuration|
ne hardware is validdted and served to launch operation at the launch site.

ization phase(phase E)

ne is typically coordinated to ensure that orbital stages, payloads, and other released obje
rbital stages do not put inhabited systems at risk.

figdtion measures are conducted according to the programmed sequence of events.

ng

1S

cts

6.9 Disposal phase (phase F)

Disposal actions are automatically conducted as follows:

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

Notification for controlled re-entry is given to the relevant nations, air traffic authorities, and

marit

20

ime authorities.
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b) After completion of disposal manoeuvres, residual energy (propellant, high pressure fluids, etc.)

is removed (according to ISO 16127) unless mechanical strength is used to assure that a
will not occur until the residual fluids are depressurized to a safe level.

break-up

If there is potential risk that orbital stages can have interference with payloads by the venting

force, the following item is considered:

For example, when venting of residual fluids is conducted, the effects of other devices (antennas,
etc.), which are exposed to the venting streams, are assessed to ensure that they do not cause

undesirable disturbances to the orbital stage.

7.

On
lau
co

sy
a)

b)

7.1

For

co

1 System design

ce the maximum mass of payloads is defined along their injection orbit) geodetic con|

icept of the launch vehicle is studied. Then the “debris mitigation_design philosophy”

System-level information

ditions of

nching sites and tracking stations are identified; other conditions are-~defined; and the system

tem concept are examined; for example:

Constitution of stages is defined to minimize interference with protected orbital regior
casualties, probability of break-ups, etc.

bffects on

s, ground

Orbital stages are given functions for disposal manoeuyres or controlled re-entry, if required, for

missions that require such actions.

Solid propulsion systems, which generate slagyate not applied to the upper stages re3
only GEO but also LEO mission. Otherwise, the propellant is altered so that it does not ger
or change the nozzle design so that it doesmot have submerged nozzles.

Orbital stages, whose re-entry hazards do not comply with restrictions, are given furny
controlled re-entry.

[SO 24113:2019 added a requirement to limit the total number of objects released intog
the case of a single payload,Jaunching, it is limited to one object, typically only one orbitg
the case of multiple payload launching, it is limited to two objects, typically the orbital
support structure, butnet limited to those.)

P Mission analysis for each launch mission

each launch\mission, mission analysis, which includes the following debris related
nducted and,feviewed before the pre-shipment review.

re-confirmation of physical characteristics of payloads and their injection orbits;

disposal planning;

d)

©lI

development of flight profile and sequence of events (debris mitigation measures, such ast

ching not
erate slag

ctions for

orbit. (In
| stage. In
stage and

items, is

urning off

the command destruct receivers; payload separation collision avoidance; orbit change manoeuvre

for disposal; venting residual fluids; and controlled re-entry, if planned);

propellant allocation, including consumption for disposal manoeuvre or controlled re-entry.
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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 ISO 24113:2019,
Clause 6 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 ipeach-subsystemdesigh-

The following subsystems are mentioned in this clause:
a) propylsion subsystem;

b) guidajnce and control subsystem;

c) electific power-supply subsystem;

d) comnjunication subsystem;

e) strucfure subsystem;

f) ranggsafety subsystem (the same as the self-destruct subsystem),

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

While 1S0|24113:2019, Clause 3 introduced system-level desigh concepts, this subclause presents a more
detailed jllocation of functions and performance for each subsystem. Table 6 shows the relationshfps
between the requirements in the ISO standards and the recommended actions for each subsystem.

Table 6 — Debris-related technoloegy and design of affected subsystem

Name of debris-related tech- Subsystem
nology

Guidance
Propulsion and
control

Power Communication | Structure Range
supply safety

Releasfing of parts, slags, etc. -

(a) Fasfteners, clamp bands;-etc. Yes

(b) Slakg from solid moter's Yes
(c) Others

(d) Support sfructures for Yes
multi-payloadstaunching

Preveytion.of fragmentation

(a) El(p]nqinn of engines Yes
propellant tanks, etc.

(b) Rupturing of high-pressure Yes
2 |vessels

(c) Rupturing of batteries Yes

(d) Unintentional activation of Yes
self-destruct devices for range
safety system

3 |Disposal from protected regions Yes Yes Yes Yes
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Table 6 (continued)
Name of debris-related tech- Subsystem
nology Guidance
. Power C L. Range
Propulsion and Communication | Structure
supply safety
control
Ground safety
4 (a) Re-entry control Yes Yes Yes Yes
(b) Improvement of demisability Yes Yes
forAvordance of toxic matertat Yes

8.2 Propulsion subsystem

8.2.1 Debris-related design

Thiis subclause applies to the main (and vernier) engines (motors), attitude_control thrustgrs, ullage

thrusters (or motors), etc.

Thle measures applied for the propulsion subsystem are shown in Table 7.

Table 7 — Debris-related measures in the propulsion subsystem

Major components
Mitigation measures Ezﬁ‘s’;‘g;’: Liquid engine, )/ Propellant | Pressure | yj]ye, Solid
Thrusters tank vessels | piping | motor
Rdfrain from releasing Yes
. Yes > - - -

objjects (slag)

Brjeak-up prevention Yes Yes Yes Yes Yes Yes

Digposal manoeuvre Yes Yes Yes - - -

Grjound safety Yes - Yes Yes - -

Rg-entry control Yes Yes Yes - - -

8.2.2 Information of propulsion subsystems

8.2.2.1 Refrain fromreleasing objects

To[refrain from réleasing objects, the following items are considered, per ISO 24113:

a) [ In the caséof solid motors, igniters and nozzle closures are designed not to be released [whenever
possibléyespecially when they remain in orbit for a long time. Solid motors, which contain metal
andihave submerged nozzles, tend to generate and exhaust slag. They are not applied orjly to GTO
mission or near GEO but also to LEO mission especially higher than inhabited mission altjtude.

b) Auxiliary propulsion systems (ullage motors, retro motors, etc.) are not separated, especially when

they are injected into a long-lived orbit.

8.2.2.2 Break-up prevention

ISO 24113 requires the probability of fragmentation during operation except for such external factors

as collision with debris.
The following are typical modes of fragmentation relating to the propulsion subsystem:

a) failures of engine or thrusters (failures of combustion related elements, turbo-pumps,
heaters of thrusters, etc.);

© IS0 2021 - All rights reserved
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b) explosion caused by a mixture of the fuel and oxidizer (as a typical example, a propellant tank
design combining the fuel and oxygen tanks, separating them only by a common bulkhead, has
caused explosions, which are probably due to a defect of the bulkhead, or impact of debris which
allowed the mixture of propellants);

c) rupture of highly pressurized tanks or vessels caused by defects of tank structure, failures of
regulators, valves, etc.;

d) certaintypes of gasjet 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 1SO 24113:2019, 6.2, and 1SO-16127.

As addregsed in 8.2.3.1, the function and performance for venting and relieving residual fluids are

accomplished by coordinated work among related components, such as engines, tanks, pressure vessels,

valves, piping, etc.

Complete depletion of fluids is sometimes impossible in complicated propulsion systems?I1SO 16127:20[14,

5.3.2.1 shpws the tailoring guidance for such cases.

8.2.2.3 |Disposal manoeuvre

In the cas¢ that disposal manoeuvres need stronger forces than can be/obtained by passivation, re-start
functions|of the main engines or auxiliary propulsion systems, including independent devices attached

specifically for such purposes, are needed.

The following characteristics are designed to comply with disposal manoeuvre requirements:

a) re-stdrt functions of the main engines or auxiliary propulsion systems, which are available affer
paylopd separation, is designed;

b) missipn is designed to keep an enough propellant for disposal manoeuvres;

c) tanksd are designed to allow a safe andcteliable re-start function of main engines or auxiligry
propylsion systems;

d) electific power subsystem and other subsystems support disposal manoeuvres.

8.2.2.4 [Ground safety and re-entry control

Propulsioh subsystems have-several elements that survive re-entry, including major components| of
liquid englines, propellantitanks made of stainless steel or titanium, pressure vessels made of titaniym,
large valves, motor casés;’and nozzles of solid motors. Design efforts are applied to minimizing objefts
that survjve re-entry, but if the total number of casualties still cannot be made smaller than the

requirem¢nt, a controlled re-entry is planned.

When a cqntrfolled re-entry is planned:

a) The propulsion system used for the final burn is designed to have thrust level to provide enough
delta velocity within a short period.

b) If controlled re-entry takes an extended amount of operation time, longer than a simple disposal
operation, radiation hardness design is applied for electronic devices.
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