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Foreword

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.

different tyj}
editorial ru

Attention is
patent right]
any patent 1
on the ISO li

Any trade n
constitute a

For an exp
assessment,
to Trade (TH

The commit
SC 14, Space

bes of ISO documents should be noted. This document was drafted in accordance\wit
es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

st of patent declarations received (see www.iso.org/patents).

hme used in this document is information given for the convenience of users and doe
h endorsement.

anation on the meaning of ISO specific terms and\expressions related to confor
as well asinformation about ISO’s adherence to the W.TO principles in the Technical Bar
T) see the following URL: Foreword - Supplementary information

tee responsible for this document is ISO/TC-20, Aircraft and space vehicles, Subcomm
systems and operations.

drawn to the possibility that some of the elements of this document may'be’the subjéect of
5. ISO shall not be held responsible for identifying any or all such patentrights. Detalils of
ights identified during the development of the document will be in thé)Introduction and/or

S not

mity
riers

ittee

© ISO 2014 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/home/standards_development/resources-for-technical-work/foreword.htm
https://standardsiso.com/api/?name=d8754e084af856e992863f9d7e3569aa

IS0 16127:2014(E)

Introduction

An ever-increasing number of man-made items are orbiting the Earth and bring with them ever-
increasing risk of collisions. This can have implications on the operational requirements of both manned
and unmanned spacecraft.

One potential source of space debris is the break-up of unmanned spacecraft both during and after the
end of their operational lives. This break-up could be due either to external collisions or to internal
factors caused by the existence of stored energy sources onboard the spacecraft. A cloud of debris from
a single spacecraft having broken up poses a significantly greater threat of collision than the original
spaceerat

This[[International Standard defines the requirements to reduce the probability of a spacecrpft breaking
up, Yoth during and after its operational life. It also defines the requirements for passivation of the
spacgcraft, which is the process by which all sources of stored energy are removed:
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Space systems — Prevention of break-up of unmanned
spacecraft

1 Scope

This International Standard defines the requirements to reduce the risk of in-orbit break-up of
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of the space system’s design and operations.

3.2

break-up probability
combined probability of the occurrence of all anomalous events, excluding meteoroid or debris impact,
that leads to the generation of orbital debris

3.3
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ivation

elimination of all stored energy on a space system to reduce the chance of break-up

nical aspects

Note 1 to entry: Typical passivation measures include venting or burning excess propellant, discharging batteries,
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4 Implementation

4.1 Design process

In accordance with ISO 24113, the spacecraft shall be designed to prevent break-ups while in orbit, both
before end of life and after the end of life.

The spacecraft shall be designed to prevent break-ups while in orbit until its end of life, in accordance
with probability levels defined in SO 24113:2011, 6.2.2.1, and to enable passivation before its end of life.
Calculations shall be performed to determine the accidental break-up probability. Annex A reports an

example of a

n acceptable detailed evaluation approach.
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lved with these design reviews and approve the proposed solutions. All management
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icing the break-up prevention plan, a system level risk.assessment approach shall be

he design, operational, and disposal phases of the mission as well as after the end o
vides further details regarding producing thewplan.

hll be developed by considering each itenrcontaining stored energy. The design shall
the following influences:

ronmental extremes expected to'be“encountered during the operational life and follo
Fion, but excluding re-entry phase;

mechanlical degradation during themtission and following passivation;

1 decomposition;

the ability to passivate the spacecraft.

ess of the\design shall be confirmed during the design review process, to ensure

adequate reliabilitysand quality control has been performed to inhibit any failure that could lead
break-up event with a probability as defined in ISO 24113.

aft provider shall produce a break-up prevention plan. This plan 'shall be reviewed

of stored energy shall be considered: what potentialyfailure modes could result in 4
Lip of the spacecraft (including post-disposal phase}ahd what can be performed to mit]
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4.2 Veriftcation

Throughout the ground phases of a mission, i.e. design, manufacture, AIT (Assembly, Integration,
and Test), and launch, the implementation of the break-up prevention plan shall be reviewed. All the
hardware and software designed specifically for the purpose of break-up prevention should be verified
either by test, demonstration, analysis, or simulation (in that order of preference).
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Prevention of break-ups until end of life

4.3.1 Monitoring during operations

For the operations of the spacecraft, procedures should be defined to allow monitoring of the relevant
parameters of each subsystem, which has been identified as a possible source of space debris generation,
in order to detect malfunctions.

The risk of potential malfunctions shall be considered within the break-up prevention plan, which shall
include a contingency plan to mitigate against the risk of the malfunction causing a break-up.
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parameters to detect failure modes of the orbit and attitude control system.

Debris mitigation measures in the case of malfunction

e event of in-orbit malfunctions which could lead to 1) break-up'er 2) the loss of operat
ble debris mitigation measures should be studied and implemented (reduction of orbit:
val from a protected orbit region and passivation at the‘end of disposal).

e time when satellite operation is concluded either purposefully or due to malfunctid
sal actions have been completed, passivation shalkbe performed.

Prevention of break-up after end of life

ention of break-up after mission is gudranteed through the passivation process, wh

to the end of the design phase. Priorto the disposal phase, this shall be updated to take
pilures that have occurred during-the mission and that affect the ability to passivate th¢

perations that will generate orbital debris of greater than 1 mm in size shall be perfoj
assivation process, excépting the release of frozen propellant.

btored energy sources

Systems‘storing energy

ollowing'systems are most likely to cause the break-up of a spacecraft:
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e spacecraft.

med during

lectrical systems, especially batteries;

— propulsion systems and associated components;

— pressurized systems;

— rotating mechanisms.

It should be noted that this International Standard does not cover nuclear power sources on spacecraft.
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5.2 Electrical systems

5.2.1 Batteries

The design of each battery pressure vessel and its margins of safety shall be in accordance with a
standard that defines the safe in-orbit operation of this type of vessel. See Bibliography for examples of
such standards.

Batteries should be adequately designed and manufactured, both structurally and electrically, to
prevent break-ups and to allow the maximum reduction of the stored energy at the end of the disposal
phase (unless these measures cause an excessive reduction of mission assurance). Pressure increase in

battery cellj
an excessive
deactivated
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prevention plan shall detail the sources of stored enexgy within the propulsion syste

ed that any single-point failure will not cause the unplanned mixture or combustion ¢

bulsion system passivation

bf life, as part of the disposal phase; the spacecraft should have consumed or vented
id propellants and pressurized fldids, which are potential sources of break-ups.

efied gas, and xenon-based electric propulsion systems shall be vented through a vent
. Completion of venting shall be monitored by proper means, such as on-board prej

and assemblies could be prevented by mechanical measures unless these measures gause

d be

dard
such

m.

ould
f the

| any

port
sure

sensors, fluid gauging systems, thermal sensing, attitude sensing, or any other demonstrable means.
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ossible to vent,ca,sufficient safety margin to ensure no break-ups under expected
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systemyand process shall be designed to achieve passivation, even in the presen
Feezing.

process should be defined to take into account any potential effects on the spacec
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5.3.2.1 Tailoring of requirements for residual fluids

Some typical system designs do not allow for complete fluid venting during passivation. This limitation
can typically (but not exclusively) be applicable in the following cases:

engine firings;

ullage g

ases used in diaphragm/bladder/piston tanks;

liquid propellant trapped within tanks or pipework that cannot be vented.

bipropellant system pressurant gases which have been pyrotechnically isolated following main
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In these cases, the pressure vessel and all pressurized systems shall be designed in accordance with
space industry pressure vessel/component standards.

Prop

ellants or pressurants can be retained within the vessel/system provided that:

— The quantity of residual fluid is too small to cause break-up of the system.

— The pressure is below the level at which a crack can propagate under cycling due to pressure and/or
thermal effects.

— No exothermal dissociation of the propellant occurs due to tank heating.

inhibit pressure build-up that can cause tank explosion.

— 1
— 1
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o leak occurs that can cause the mixture ol hypergolic propellants.

he design of tanks (for example, leak-before-burst design) and the efficiency of therms

‘or composite vessels, account is taken of effects of the degradation of the cemposite nj

n case of vaporizing, freezing, or freeze/thaw cycling of liquid propellants, pressuri
hall remain within their design constraints.

Solid rocket motors

rocket motors can only be actuated in the case that there have been no sensor indicati
hdation due to mission-induced damage or due to-adverse environmental conditions.

Pressurized systems

Pressurized system design requirements

ressurized systems shall be desigined and qualified in accordance with the relevant r¢
D 14623 and SO 24638.

Heat pipes/fluid loops

systems used forthe’thermal control of the spacecraft are typically not designed t
e no specific operations can be performed in the disposal phase. However, the desig]
rol fluid systems shall be in accordance with the relevant standards for safe in-orbit
burized systenis.

Other énergy sources

| protection

aterials.

red systems

There is no failure-relevant weakening of pressure vessels due to fluid-induced corrosion.

bns of motor

Pquirements

b be vented,
n of thermal
bperation of

5.5.

Rotating hardware
(=]

All rotating devices, for example flywheels, reaction wheels, momentum wheels, etc., shall be designed
such that failure of the rotating part shall not cause break-up under normal mechanical environmental

cond

itions.

All rotating parts shall be allowed to de-spin, or stopped by termination of the power supply, at the end
of life.

5.5.2 Other devices

Any other energy sources shall be assessed to confirm that they do not cause break-up and generate
fragments outside of the parent body. This shall cover pyrotechnically operated devices.
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Annex A
(informative)

Procedure for estimating break-up probability

A.1 General
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This Annex
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turned off.

A.2 Back
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|ure is informative as other methods can be proposed to estimate the probability of'b

tional Standard is required to limit break-up probability to a level as specified in ISO 24
provides analytical procedures to verify compliance with this requirement. The ang
eriod up to the end of life of the spacecraft, i.e. the pointat which the spacecraftis perman

ground

eports indicate that accidental break-ups of spacecraft have been caused by batterieg
th other space objects. On-board propulsion systems, both solid and bipropellant, have

suspected off causing spacecraft break-up. In addition, the orbital stages of launch vehicles have
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to the vapor
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Failure
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For

y the explosion of hypergolic (homogeneous) sets*of propellants and ruptures of tank
ization of cryogenic propellant.

pdure

f this Annex.

h failure mode of interest,iconstruct fault trees to identify the components assoc
e failure mode and the-functional relationship among these components (e.g. ident]
ents are connected ip-series, parallel, or using some other kind of functional connectid
Modes and Effects Analysis (FMEA) can support this process.

h component associated with the failure mode, the break-up probability should be ij
ult tree analysis to estimate the overall break-up probability if the failure mode of int
Probability'data can be obtained through in-orbit heritage, design margins, analysis, or]
nple:

pressure vessels and other mechanical elements whose margins of safety are ensurg

reak-

1113.
lysis
ently

and
been
been
5 due

h the recommended procedure are-outlined below and discussed in more detail ip the

jated
ify if
n). A

\puts
erest
test.

ed by

strictuiral r‘lncign’ the hranl(_np prnhahi]ify can be assumed to bhe zero

b)

The break-up probability of a rotating mechanism in a container can be assumed to be zero, if

designed to have sufficient margins of safety for the expected mechanical environmentimposed

dur

ing ground and orbital operation.

Where the break-up event is at system level, i.e. the break-up is a symptom of one or more

failures at system level, the break-up probability will be reviewed indirectly by its system

reli

3)

ability.

identify corrective actions required to reduce this break-up probability to an acceptable level.

If the overall break-up probability is greater than or equal to a threshold defined in ISO 24113,
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