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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.
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Introduction

This document is developed to incorporate the content of ISO 16127, ISO 16164, ISO 23339, ISO 26872
and other detailed requirements relevant to spacecraft related debris mitigation, corresponding to
ISO 24113. The purpose of this document is to enable conformance with those high-level space debris
mitigation requirements in [SO 24113 that are relevant to spacecraft.

This document acts as one of the supporting technical standards for space debris mitigation, to provide
implementation requirements and details for the top-level requirements in ISO 24113.
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INTERNATIONAL STANDARD 1SO 23312:2022(E)

Space systems — Detailed space debris mitigation
requirements for spacecraft

1 Scope

This document defines detailed space debris mitigation requirements and recommendations for the
desigmardoperation of unmaned Spacecraf t i Eartirorbit:

This|document defines detailed requirements that are applicable to:
a) 3Jvoiding the intentional release of space debris into Earth orbit during normal|eperatigns;
b) avoiding break-ups in Earth orbit;

c) dlisposal of a spacecraft after the end of mission;

d) ¢stimating the mass of the remaining usable propellant;

e) developing and maintaining the space debris mitigation plan)

NOTH This document does not cover nuclear power sources.en spacecraft.

2 Normative references

The following documents are referred to in the“text in such a way that some or all of their content
constitutes requirements of this documentFor dated references, only the edition cited |applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.

ISO 44113:2019, Space systems — Space'debris mitigation requirements

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 24113 and the follpwing apply.
ISO gnd [EC maintain‘terminology databases for use in standardization at the following addresses:

— ISO Online brewsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

31
acqu iring m‘ganin\finn
organization that plans and manages the development and acquisition contracts for the space system

Note 1 to entry: The responsibilities of the acquiring organization include the engineering and technical aspects
of the space system’s design and operations.

3.2

book-keeping method

method for determining fluid consumption by monitoring flow rates and the duration of propellant
expenditure periods

3.3
disposal orbit
orbit in which a spacecraft resides following the completion of its disposal actions

©1S0 2022 - All rights reserved 1
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3.4
PVT method

method for determining the remaining fluid quantity by estimating the mass of gas by deriving density

in a known volume from pressure and temperature measurements

3.5
remaining usable propellant

propellant that remains in the propellant system and that is effective for attitude and orbit control

manoeuvres excluding residuals and uncertainty

4 Symbois-and-abbreviated-terms
AV delta velocity or total velocity change

EOL end of life

EOMDP end of mission disposal plan

GEO geostationary Earth orbit

LEO low Earth orbit

m mass flow rate

MLI multilayer insulation

PVT pressure, volume, temperature
SDMP space debris mitigation plan

t time

5 Avoiding release of space debris-into Earth orbit during normal operations

ISO 24113 specifies that a spacecraft shall be designed so as not to release space debris into Earth
during nornpal operations. To satisfy this requirement, as a minimum, the following measures shj
implementef.

a) Any appendage related tespacecraft normal operations shall be designed not to be released.
NOTE 1| Appendages include items such as apogee kick propulsion devices, fasteners of holdin

deployment mechanisms, caps, hoods, heat insulation enclosures, springs, explosive bolts and re
fragments.

b) Releasingparts essential for mission objectives should be assured not to pose a risk to the safé

orbit
11 be

r and
lated

ty of

operati g cpqr‘pr‘raﬂ' and deteriorate the space environment

c) Paint, MLI and surface materials that are exposed to the space environment, should be selected and

processes applied properly, to avoid flaking off from the spacecraft.
NOTE 2  Following ISO documents could help to assure compliance:

1) 1SO 16691, Thermal control coatings for spacecraft — General requirements.

2) IS0 23129, Space systems — Thermal control coatings for spacecraft — Atomic oxygen protective

coating on polyimide film.

3) IS0 23230, Space systems — Paint materials — Processes, procedures, requirements.

d) Programs using tethers shall take extra measures to limit the collision risk with resident space

objects, and not to be severed with a single impact of debris or meteoroid.

2 © IS0 2022 - All rights reserved
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NOTE 3  Potential measure for tethered system is to apply multi-strand tether, to retract the tether in the

disposal phase.

6 Avoiding break-ups in Earth orbit

6.1

General

ISO 24113 specifies requirements to avoid the accidental break-up of a spacecraft in Earth orbit both
before and after its end of life. 6.2 and 6.3 provide detailed measures to help satisfy these requirements.

6.2

Accidental break-up caused by an on-board source of energy

6.2.1 General measures

6.2.1.1 Spacecraft design

The

bpacecraft design measures to prevent accidental break-ups caused'by on-board sour

are as follows.

b)

d)

e)

life shall be performed and assessed with probability level§ defined in ISO 24113:2019,
NOTE1 AnnexA provides an example of an acceptable detailed evaluation approach.

Measures shall be designed to ensure that all on-bgard sources of stored energy can bg

INOTE 2  Source can be residual propellants)batteries, high-pressure vessels, self-destru
flywheels, and momentum wheels.

The design of the on-board sources.of stored energy shall take into account the followin

+ mechanical degradation'during the normal operations;

+- chemical decompesition;

1+ the effect of patential failure modes of the spacecraft during the mission, and
1+ what effeetthey would have on the ability to passivate the spacecraft.

The robusthess of the design shall be confirmed during the design review process, to
ddequate reliability and quality control has been performed to inhibit any failure that
reak-up event with a probability worse than specified in ISO 24113.

ce of energy

The calculations to determine the probability of accidental break-up while in orbit unfil its end of

6.2.2.1.

depleted or

made safe and permanently deactivated once theyare no longer required for the mission operation.

tive devices,

b influences:

1+ the environmental extremes'expected to be encountered during the normal operations;

ensure that
ran lead to a

The first issue of passivation procedures shall be established prior to the end of the design phase.

6.2.1.2 Spacecraft operations

The spacecraft in-orbit operation measures to prevent accidental break-ups caused by on-board source
of energy are as follows.

a)

b)

For the operations of the spacecraft, procedures shall be defined to allow monitoring of

the relevant

parameters of each subsystem, which has been identified as a potential source of space debris

generation, in order to detect malfunctions.
The following items, as a minimum, shall be monitored from the ground, if applicable:

— pressure and temperature in the engines, tanks, pressure vessels;

© IS0 2022 - All rights reserved
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6.2.2 Subsystem-specific measures

6.2.2.1 Electrical systems

The specifimeasures for electrical systems are as follows.

a)

b)

d)

6.2.2.2 Propulsion systems

The specifigmeasures fof. propulsion systems are as follows.

a)

b)

— parameters (temperature and voltage) of batteries to detect failures;
— parameters to detect failure modes of the orbit and attitude control system.

Prior to the disposal phase, the passivation procedures shall be updated to take into account any
failures that have occurred during the mission and that affect the ability to passivate the spacecraft.

At the time when spacecraft operation is concluded either purposefully or due to malfunction and
disposal manoeuvres have been finished, passivation shall be performed.

NOTE If a controlled re-entry is to be performed, then passivation is not necessary.

In the event of In-orbit malfunctions which can lead to break-up or the loss of operating rungtion,
a contingency plan to prevent debris generation should have been studied and, where appnoptiate,
implemented.

The perjformance of batteries shall be monitored and assessed in~accordance with standardized
procedures to assure the safety of the mission and post-missiondisposal.

NOTE 1| Standardized procedure for health assessment of%lithium-ion batteries can be found in
ISO/TR 20891.

Batteri¢s and/or electrical systems shall be designed and manufactured, both structurally and
electricplly, to prevent break-ups during all orbital life.

Pressurfe increase in battery cells and assemiblies, potentially leading to a break-up, shall be
prevented.

NOTE 2| This can be done by mechanical measures for some types of batteries as far as it doesn’t decfrease
the reliapility.

At the ¢nd of operations, take/measures to prevent re-charging to batteries, and discharge the
stored glectric energy with assuring to keep necessary electric energy for following disposal a¢tion.

Pressurfe vessels; such as tanks and high-pressure gas bottles, shall be designed to avoid accidental
break-up caused by stored energy sources.

NOTE 1 ISO 14623 and 1SO 24638 contain reauirementsrelatinatathe desion of nressure vessels
& Gt SHHREE0-HeaeHE P HHEeY -

For a bipropellant propulsion system, especially with hypergolic propellants, tanks and lines should
be designed so that any single-point failure does not cause the unplanned mixture or combustion of
the propellants.

Before end of life, as part of the disposal phase, the spacecraft shall have consumed or vented
residual liquid propellants and pressurized fluids, such as cold gas, liquefied gas, and propellant for
the fluid-based electric propulsion systems, which are potential sources of break-ups. Any residual
liquid propellants and pressurized fluids can be a source of break-ups also for spacecraft drifting
outside protected regions after end of life and should be consumed or vented to the maximum
extent as possible before end of life.

© IS0 2022 - All rights reserved
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e)

f)
g)

h)

i)

6.2.1.3 Pressurized systems such as heat pipes/fluid loops

IS0 23312:2022(E)

End of venting shall be monitored (or confirmed), if appropriate, by proper means, such as on-
board pressure sensors, fluid gauging systems, thermal sensing, attitude sensing, or any other
demonstrable means.

If it is not possible to vent, a sufficient safety margin to ensure no break-ups under expected post-
disposal environmental conditions shall be adopted.

The venting system and process shall be designed not to be prevented by the frozen propellants.

The venting process should be defined to take into account any potential effects on the spacecraft’s
attitude or orbit and any ground visibility issues.

olid rocket motors shall only be actuated in the case that there have been no sensorindications of
otor degradation due to mission-induced damage or due to adverse environmental cqnditions.

$olid motor should not be allowed if it generates slags in the GEO and LEO pratected regions.

All pressurized systems which are typically not designed to be vented;such as heat pipes|/fluid loops,
shallf be designed and qualified with safety margins that preventcbreak-up of the spacgcraft when

consldering thermal effects in orbit.

NOTH Specific venting operations for this kind of pressurized‘systems are not required in|the disposal

phasg.

6.2.2.4 Rotating hardware

The §pecific measures for rotating hardware are a§ follows.

a)

b)

6.2.2.5 Other devices

The §pecific measures for other devices are as follows.

a)

b)

All rotating devices, for example flywheels, reaction wheels, and momentum wheels, shall be
$esigned so that failure of the rotating-part does not cause the break-up of the spacg¢craft under
ominal mechanical environmental conditions.

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

Any other en€rgy sources, such as pyrotechnically operated devices, shall be designed|so that they
o0 not causeunacceptable risk of break-up and generate fragments.

here this is unavoidable, the fragments shall be self-contained within the device whidh is affected
y break-up.

6.3 Accidental break-up caused by a collision

6.3.1 Collision avoidance

The spacecraft shall be designed and operated properly to prevent collision with trackable orbital
objects before its end of life.

a)

b)

During the mission operation, the conjunction assessment shall be conducted periodically against
potentially approaching objects based on the reliable orbit data.

Exchange of orbital parameters should be encouraged among spacecraft operators or space
agencies, to precisely check the close approach distance, and then determine an optimal avoidance
manoeuvre strategy for operators.

© IS0 2022 - All rights reserved 5
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c) The probability of collision with approaching trackable orbital objects shall be assessed during
operation.
NOTE2 ISO/TR 16158 can be used to estimate the probability of collision.

d) Ifthe risk of collision is above the threshold set by an approving agent, then the collision avoidance

manoeuvre (and/or returning manoeuvre) shall be planned and conducted appropriately, to reduce
the collision risk below the corresponding risk threshold.

6.3.2 Assessment of the probability of structural break-up caused by impacts with debris or

meteoroid

It is require
debris or m{

a) The vu

during {

b) If the ri

d to assess the probability of structural break-ups of spacecraft caused by impacts
bteoroid before its end of life.

nerability of spacecraft against impact of space debris or meteoroid shalllbe assq
he design phase.

approving agent, then the special design measures should be considered to-niinimize this risk

NOTE1 IS
and improviy]

NOTE 2
approving ag

NOTE 3
number of co

7 Dispos

7.1 Gene
ISO 24113 {

0 11227 and ISO 16126 provide guidance for analysing the impact fisk from small debris im)|
g the design of spacecraft.

The probability of successful collision avoidance, induced from the experience and authoriz

ent, can be incorporated into this assessment.

The estimated probability of collision with trackable gbject will provide information of the exp

lision avoidance during operation and contribute on the planning of propellant allocation for ]

sal of spacecraft after the end ofimission

ral

pecifies requirements for the disposal of a spacecraft after the end of mission so

minimize interference with the protected regions. 7.2 to 7.4 provide detailed measures to help s3

these requit

NOTE M

7.2 Ensu

The measur]

a) The prd
to term
phase.

NOTE 1

ements.

pasures to prevent break-up, as a part of disposal action, is written in 6.2.

ring execution of disposal action
es to ensure execution of disposal action are as follows.

bability of successful disposal should be determined during the design phase, and d

with

ssed

sk of structural break-up caused by impacts with debris is above the threshold set by an

pacts

bd by

ected
/.2 C).

hs to
tisfy

bcide

ndte the operation taking into account the events that have occurred during the oper

hting

In the case of highly eccentric orbits, considering the uncertainty in estimation of orbital

b)

lifetime, the amount of propellant for disposal is designed to assure the compliance with 25-year rule with a
probability of more than 0,9. This is excluded from the probability of successful disposal of 0,9.

NOTE 2  Where possible, put in place well-organized systematic surveillance procedures, pre-planned
emergency actions, adequate procedures for determining the extension of the lifespan taking into account
deterioration or decommissioning, etc. The method to assess this probability can be determined by the
approving agent.

The availability of items concerning to the specific criteria shall be assured throughout the
designated (or planned) mission life.
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7.3.1
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NOTE3 Examples are estimated amounts of propellant remaining, redundancy remaining, status of
electrical power, status of systems critical to successful disposal, and time required to execute each disposal
action.

In order to reserve enough usable propellant to ensure the success of disposal manoeuvres, the
propellant used over the mission life shall be estimated with stated uncertainty; and the remaining

usable propellant shall be regularly monitored with quantified uncertainty.

NOTE 4
manoeuvres during operation.

NOTES5  Clause 8 gives details for the estimation of remaining usable propellant.

The remaining usable propellant can consider and include potentially needed collision avoidance

A spacecraft should be injected into an intermediate (lower) altitude before tran
gpacecraft to its final orbit for the planned operation, to provide the opportunity o c

dvoidance and post mission disposal.

The intermediate orbit should be designed preferably in a way that the spacecraft, even
failures, naturally decays in accordance with the 25-year limit for the orbit lifetime 4
1SO 24113.

Disposal to minimize interference with the GEO protected region

General

ISO 24113 specifies that a spacecraft shall remain .outside of, and not interfere with, tH
regidns for a period of at least 100 years after the end-of its life.

a)

b)

7.3.2

$elect a stable disposal orbit and conduct relating disposal manoeuvres for spacecraf
flife according to 1SO 24113:2019, 6.3,2:2 or 6.3.2.3.

In the case of inclined GEO spacecraft, re-entry option is possible with feasible velod
depending on the specific initial ¢ombination of inclination, eccentricity and ascend
the orbital lifetime and dwell time passing through the protected orbital regions ar
¢onsidering the contents ofISO 24113, it can be taken as a disposal option.

Developing basicmanoeuvre requirements for a stable disposal orbit

A stgble disposal orbit-shall be established by one of the two options described below.

a)

b)

Use the eccéntricity constraint as specified in ISO 24113:2019, 6.3.2.2 a) and For
etermine-initial disposal orbit conditions;

erformlong-term (100-year) numerical integrations of the selected disposal orbit to
he predicted minimum perigee is above GEO + 200 km (35 986 km) or the predicte

sferring the
heck-out the

ystem, especially all critical systems required for controlling the spacecraft;performiing collision

with critical
s defined in

e protected

t before end

ity increase
ing node. If
b acceptable

mula (1) to

ronfirm that
d maximum

natee is below GEQ = 200 km (35 586 km)
r [=] AY 7

7.3.3 Developing long-term (100-year) disposal orbit characteristics

Long-term (100-year) orbit histories are needed only when the second option [see 7.3.2 b)] is chosen to
establish as stable disposal orbit.

a) Obtain orbit propagation results by using a reliable orbit propagator of high precision, including as
a minimum the perturbing forces of Earth's gravitational harmonics (up to a degree/order of 6 by

6), lunisolar attractions and solar radiation pressure.

NOTE1 ISO 27852 describes appropriate methods for achieving this.

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=3f8bc7d974f29a73b95a62c11cf59c9d

IS0 23312:2022(E)

b)

Count the time duration staying out of the protected orbit region from the point at which all the
disposal actions are finished, to the first time at which the spacecraft intersects with the bound of
the protected region.

Improve the altitude stability by:
— pointing the initial disposal perigee toward the sun (perigee is sun-pointing);

— performing the disposal manoeuvres in the most favourable season of the year, such that the
same amount of perigee altitude increase gives the largest clearance over 100 years.

NOTE 2  The true optimal direction differs slightly from the actual sun-pointing direction as a result of lunar

perturbationk.

7.3.4 Determining the manoeuvre sequence

The manoefivre sequence shall be determined to place the GEO spacecraft in the required disposal

orbit, have the optimal near-sun-pointing perigee and exhaust all the propellant on/board.

NOTE Tlhe disposal orbit is obtained after passivation and the tank depletion, which-¢an have unpredigtable

effects on orbyital parameters and altitude (see 6.2.2.2 g)).
7.4 Disposal to minimize interference with the LEO protectedregion

7.4.1 General

The following steps shall be followed when planning for disposal.

a)

b)

7.4.2 Re-entry

The requirements for Earthre-entry are as follows.

a)

b)

Predict|the orbit lifetime of spacecraft to ensure that'the requirements in ISO 24113:2019, 6/3.3.1
are met

NOTE ISO 27852 provides a guidance for theiestimation of orbital lifetime.

Select which of the disposal options in the,order of priority listed in ISO 24113:2019, 6.3.3.2 is [to be
used.

If the orbital decay is augmented through the use of drag enhancement devices, such as balloons or
parachytes, then the recommendations in Annex C should be considered.

If the sgacecrafthas been selected for a re-entry, the casualty risk shall be assessed.

NOTE 1| IS0R27875 provides a guidance for the assessment of re-entry casualty risk.

If the casualty TisK for uncontrolled re-entry exceeds the value specified by approving agent, all
disposal options that can reduce the risk to the value specified by approving agent shall be used.

NOTE 2  Retrieval, controlled re-entry by choosing an unpopulated region on Earth, design for demise or
other innovative solutions can also reduce the casualty risk.

If the spacecraft is to perform an uncontrolled re-entry, any remaining on-board propellant should
be used to further reduce the decay duration.
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Estimating mass of remaining usable propellant

General

The mass of remaining usable propellant for performing disposal manoeuvres shall be estimated.

a)

b)

f)

8.2

Consfidering the uncertainty of estimatijon are as follows.

d)

8.3

The amount of fuel, including uncertainties, necessary to perform spacecraft disposal shall be
estimated from the design phase.

NOTE1 Propellant mass and volume determine the spacecraft bus characteristics in size and mass and
influence the launch cost. A careful consideration of the estimation error of remaining usable propellant at
e GeSIgT pITase cam OpPUIIZE TE GeSIgI and TeqUCe te propeiiant foading armournt.

The minimum AV need (3-0) to reach the targeted disposal orbit shall be calculated hased on the
Eredicted end of mission orbit of the spacecraft, and the required decay or time/duration staying
utside of the protected region.

The fuel required to provide this AV shall be maintained for end-of-life disposal.

The estimation method (and allowances for estimation error) that’best meets the objectives shall
e selected at an early stage of the spacecraft design phase and mission development.

OTE2 The use of multiple estimation methods can be helpfdl for redundancy and higher certainty.
nnex B lists estimation methods suitable for applicable spacecraft.

uring the on-orbit mission phase, the actual mass; of remaining usable propelldnt shall be
onitored regularly over the mission life to ensuse that a positive margin of usablg¢ propellant
remains to perform the disposal manoeuvre as planned.

The margin shall include a mass equivalent tothe assumed estimation error.

Uncertainty of estimation

The measurement uncertainty.estimation shall account for all significant error contributions.
The error contributions §hall be expressed as equivalent propellant amounts, typically ip kilograms.

NOTE1 Examples©fierror contributing parameters are given in Annex B.

When several dniethods are available after taking account of cost, mass, performarice, etc., the
ptimal measurement or set of measurements should be used, considering that differlent kinds of
easuremefits are best for each mission phase (early operation, partially consumed, nelarly empty).

OTE®2~ Designers can choose between low-cost, coarse sensors and expensive, very precisg sensors. The
rawback of low-cost sensors is a higher mass of propellant.

Measurement uncertainty estimation shall reflect its estimation error as well as the particular
characteristics of the propulsion system, its performance and the planned propellant consumption.

The estimate of measurement uncertainty shall reflect the uncertainty associated with the initial
loading propellant mass.

Incorporating required function into spacecraft design

The design requirements for estimation of remaining useful propellant are as follows.

a)

After the estimation method or methods have been selected, the hardware and software required
to estimate the mass of remaining propellant and to record, store and transmit the associated data
shall be incorporated into the system design.

©1S0 2022 - All rights reserved 9
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b) The hardware and software design features required to estimate the mass of remaining propellant
shall be assessed throughout the spacecraft's development.

c) The functions of hardware and software required to estimate the mass of remaining propellant
shall be verified at the test phase.

d) The mass of remaining propellant shall be re-estimated as necessary parameters are determined
and their contributions to error become clear, considering degradation of the overall measuring
system over the mission life.

e) The amount of propellant estimated as being necessary for the disposal manoeuvre (including the
measurm&uﬂmaﬂ&@@ﬂulﬁ&dﬁaﬂn&@ﬂuﬂmﬁmﬂmﬁdmﬁmmm&]}

f) The required propellant measurement uncertainty shall be specified; and evidence!shall be
provided to demonstrate that the design meets this requirement throughout the Spacecraft's
nominal life.

8.4 Documentation of data

The requirements for documentation of data are as follows.

a) The dafa necessary for estimating the remaining usable propellant‘mass, including estimption
errors, $hall be documented throughout the manufacturing and testing.

NOTE See Annex B for examples of key parameters to be documented for each estimation method

b) The datp acquired through the testing phase shall be described in the spacecraft handbook sq that
it can b¢ referenced at the operation phase.

c) A measyirement of available propellant shall providé’the following information:

1) theltime at which the measurement applies;

2) thelestimated amount of available prepellant in units chosen by the user;

3) thefuncertainty on this estimate,to.a confidence level chosen by the user and in the same punits
as the measurement (e.g. 95 %-confidence that the actual amount of propellant is within xkg of
the|reported measurement); evaluated using a technique supported by documented evidence;

4) angte of any significantissues relating to the use of the reported measurement.

d) The measurement uneertainties of all sensors shall be documented at the design phase at the
comporfent test levelland, finally, at the system test level, in order to evaluate its contribution to the
estimatpd remaining usable propellant value.

9 Space [debris mitigation plan

9.1 General

a) All management requirements for the space debris mitigation plan (SDMP) shall be done in
accordance with ISO 24113.

b) The spacecraft provider, operator and acquiring organization shall be involved in each review of
the SDMP throughout all phases of the mission.

c) Planning for disposal actions at a detailed-level should begin at least six months prior to the date of
disposal in order to allow sufficient time for the planning to occur.

d) A specific report for the detailed implementation of the SDMP shall be submitted to the related
approving agent after the end of life.

10 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=3f8bc7d974f29a73b95a62c11cf59c9d

IS0 23312:2022(E)

e) Each of the following plans shall be an integral part of the SDMP:

1) break-up prevention plan;

2) end of mission disposal plan;

3) contingency plan.

9.2

Break-up prevention plan

a) The plan shall be developed by considering each item containing stored energy. The following

b) Y

]

qd

9.3
The ]

vctamc araanct Blealgta cancntho ncoidaontal bheaale 10 of 0 o on e £,
yStemSaFe- oSt hkery-to-catsSe-tne-acetaeRtaroredk Hp-ea-Spacecrats:

— electrical systems, especially batteries;

— propulsion systems and associated components;
— pressurized systems;

— rotating mechanisms.

(Vhen producing the break-up prevention plan, a system level risk assessment appro

wised.

NOTE Annex A provides further details regarding producihg the plan for estimating {

jccidental break-up.

The break-up prevention plan shall include the follewing:

) each source of stored energy;

) what potential failure modes can result in an in-orbit break-up of the spacecraf
post-disposal phase);

) what can be performed to mitigate the risk in the design, operational, and dispog
the mission as well as after.the end of life;

}) measures to reduce thevisk of malfunction mitigate that causes a break-up.

End of mission disposal plan (EOMDP)

LOMDP shall incldde the following:

c)

for selection of that method;

letails of the hominal mission orbit;

ach shall be

robability of

t (including

al phases of

d) details of the targeted disposal orbit;

e) the minimum AV capability (3-0) to reach the targeted disposal orbit;

f) details on the orbit propagator used, assumptions made and analysis results;

g) estimates of the propellant, power, controllability, and communications required for any disposal
manoeuvre;

h) identification of systems and capabilities required for successful completion of each disposal
action;

©ISO
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j)
k)
D)

p)

q)

r)

specific

criteria for initiating each disposal manoeuvre;

timeline for initiating and executing each disposal manoeuvre;

identification of energy sources required to be depleted before end of life;

the effects of the depletion action on the final orbit of the spacecraft (e.g. for GEO the goal should be
either to increase altitude or at least to limit a possible decrease in altitude);

criteria

and timeline for depleting the remaining energy sources;

individuals and/or entities to be notified of the end of mission and disposal and a timeline for

notifical

plan an
and pos|

a long-t
protect

the esti
orbit) d
protect

an estin

Ton;

 timeline for retracting or furling any large expendable antennas, where this is@ppli
Sible;

erm (at least 100-year) orbital perturbation analysis for spacecraft staying outside d
bd region, only for GEO disposal;

mate and computations verifying that the operations (after placing-spacecraft in a dis
p not compromise the long-term stability of the orbit (i.e. perigee shall remain abov
ed region for 100 years), only for GEO disposal;

nate of the casualty risk posed by the re-entry of the spacecraft, only for Earth re-entr

9.4 Contingency plan

a)

b)

12

Indeper]
be deve
actions

NOTE 1
infeasibl]

In the €
stop fur

NOTE 2
possible

dent of the success or failure of other aspects_of'a disposal action, a contingency plan
oped to deplete all energy sources before the final disposal of the spacecraft, to ensure
necessary to passivate the vehicle are taken'before end of life.

It is not necessary to compile a contingency plan prior to the failure of a critical system a
e to cover all possible eventualities.

vent that the systems and capabilities required for the successful completion of dis
ctioning prior to the end oftthe mission, the contingency plan shall be performed.

In this situation, best ‘efforts can be taken to lower the orbital perigee altitude as mu|

The contingency plan shall include the following:

1) crit
wit

2) crif]

eria and teehiniques for selecting an alternative option which is the least likely to inte
h the protected area;

eria that define when the passivation actions are to be taken, the rationale for

rable

f the

bosal
e the

shall
that

5 it is

bosal

ch as

rfere

each

crit

erion;

3) steps to remove the spacecraft from the protected region to an alternative orbit and passivate
it before any further critical systems are lost.
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Annex A
(informative)

Procedure for estimating probability of accidental break-up

General

This
ups.

This
ISO 73
analy
pern|

A2

Histd
collig
been
been|

procedure is informative as other methods can be proposed to estimate the probabil

document is required to limit probability of accidental break-up to a“evel as
4113. This annex provides analytical procedures to verify compliance with’this requi
'sis covers the period up to the end of life of the spacecraft, i.e. the pointat which the §
lanently turned off.

Background

rical reports indicate that accidental break-ups of spacecraft have been caused by b
ions with other space objects. On-board propulsion-systems, both solid and biproq]
suspected of causing spacecraft break-up. In addition, the orbital stages of launch v
broken up by the explosion of hypergolic (homaogeinreous) sets of propellants and rupty

due o the vaporization of cryogenic propellant.

A3

The
A.5.

a)

[ N Ry e

b) 1

Procedure

bteps in the recommended proceduré are outlined below and discussed in more deta

‘or each failure mode ofnterest, construct fault trees to identify the component
vith the failure mode and-the functional relationship among these components (e.{

ty of break-

specified in

rement. The

pacecraft is

atteries and
ellant, have
chicles have
res of tanks

lin A4 and

b associated
v, identify if

omponents are connectéd in series, parallel, or using some other kind of functional connection). A

ailure modes and effects analysis (FMEA) can support this process.

‘or each companent associated with the failure mode, the probability of accidental breg

1

inputs to the fault tree analysis to estimate the overall probability of accidental br¢

1k-up should
bak-up if the

ailure mede of interest occurs. Probability data can be obtained through in-orbit heritage, design

116
argins,analysis, or test. For example:

)

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

ensured by

structural dpcign, the prnh:\hi]ify of accidental hrp:\](_np canbe assumedtobe zerd ;

2) the probability of accidental break-up 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
environment imposed during ground and orbital operation;

3) 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 probability of accidental break-up is reviewed indirectly by its

system reliability.

If the overall probability of accidental break-up is greater than or equal to a threshold defined in

[SO 24113, identify corrective actions required to reduce this probability of accidental break-up to
an acceptable level.
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A.4 Fault tree analysis

A full system review, including historical failure data, should identify potential causes of break-up
events. Consider only failure modes involving components having enough stored energy available
to cause failures that would produce debris. Performing FMEAs in accordance with I1SO 24113 helps

ensure that

all risk elements having the potential to generate debris are identified.

Examples include:

a)

mixed a
b) a propuy
hydrazi
therma

a cryog
cryogen

batterie
the batt]

d)

The followi

hardwa

stored ¢

Construct a
well as the f
functional r

The failure |
each failure

A.5 Corr

If correctivd
be repeated

nd ignite;

propellant tanks whose capacity is below the loading generated when propellants in the tanks are

Ision system whose capacity is below the loading generated when residual propellant
he) trapped in the system experiences a chemical reaction induced by mechanical's
heating, etc.;

enic propellant tank whose capacity is below the loading generated by the-vaporizati
ic material in the tank, thus causing the tank to rupture;

swhose break-up pressure is below the amount that can be generatedwhen pressures i
eries are increased by electric failure and inadequate structural design or manufactur

lg cases can be excluded:
Ire whose stored energy is too small to damage its structural element or other compon
nergy which does not lead to the ejection of fragments outside the spacecraft.

fault tree to identify all the elements associated with the failure modes of break-u
unctional relationship among these elements;"Resulting fault trees should clearly shoy
blations among elements associated with the failure modes of break-ups (see Figure A.

ate for each risk element should be identified and provided in a table with the fault trg
mode.
ective action

action should be required, the design should be modified, and the risk assessment s}
starting at A.4.

(e.g.
hock,

on of

hside
ing.

ents;

bs as
v the
1).

e for

ould
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Explosion by mixture
of propellants

Crack ih common
bulkhead

Leak in the
valve seat

Failure toclose
oxidiser valve

Leak in the
valve seat

ailure to close
fuel valves

Figure A.1 ==Fault tree analysis chart
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Annex B
(informative)

Examples of estimation methods

Table B.1 gives examples of estimation methods typically used in propulsion systems using liquid or
gaseous chemical propellants.

Table B.1 — Examples of estimation methods (reproduced with permission from Refernenice

[27], © ESA)
a) Methods for propellant gauging between thruster firings
Method  U%¢d  Measurement Principle Advantages and Ddy;
for advantages

Measurement of the tank 4 o additionakequip-
temperature and pressure ment and lowest costs
3 axis + and calculation of the tank d .
pVT spinner ullage volume and thereby -decreasingaccuracy
p the remaining propellant  towabds’EOL, low accu-

mass by applying the gas ~ raty With conventional
law. pressure transducer

+ no additional equip-
Heating of the propellaht' | ent

tank and measurement

Ther]Tal 3 AXIS ¥, fits thermal response - low accuracy, high
Knocking — spinner . "0 loted to the calibration efforts and
propellant lo4d: long operational gaug-
ing times
Transferof a known + good accuracy at EOL
amount of pressurant gas
into-the propellant tank - complex system, mod-

and measurement of the  ification of p.ropulsion
Gas Injection 3 axis ) pressure and temperature System required, needs
increase to determine the highaccuracy pres-
ullage volume and thereby sure transducer, high
the remaining propellant calibration effort and

mass high costs
Measyrement ofliquigi + simple system with
Ligquid Leve- . level in tanks of satellites very high accuracy
lin spinner where propellants are o o
9 settled due to spin accel- - llmlFed to spinning
eration. satellites

b) Methods for propellant gauging during thruster operation.

Method Ufsed Measurement Principle Advantages/ Disad-
or vantages

|NOTE “Thermal knocking” is also called “thermal gauging”. |
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