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Space Debris falling on-ground
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Space Debris Mitigation Requirements

Space Debris Mitigation Policy for Agency Projects

End-Of-Life Measures
in LEO 1. INTRODUCTION

As a consequence of spaceflight activities, the number of functional and non-functional (i.e.:
space debris) human-made objects in Earth orbit continues to grow. To minimise the impact
of space operations on the orbital environment, to reduce the risk of collision on orbit and to
ensure the safety of the public on ground during re-entry, mitigation and safety measures
must be anticipated as from the conception of a space system.

ATMOSPHERIC RE-ENTRY within 25 years of mission completion I

The probability of serious injury or death

ON-GROUND CASUALTY RISK on ground (casualty risk) shall not exceed

1in 10,000 for any re-entry event

Design for Demise (D4D) is the intentional design

Design for Demise of space system. hardware such that it will .
disintegrate during an uncontrolled atmospheric

re-entry
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End of Life - Controlled vs Uncontrolled re-entry *\&\‘iicesa

A

NO DEMISE - Controlled reentry DEMISE - Uncontrolled reentry

« Simpler system

« Reduction in mass
« Reduction in costs

ESA UNCLASSIFIED - For Official Use Clean Space | 26/05/2020 | Slide 7
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Design for Demise

Concept

®
N
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The calculation of the casualty risk &&}GSB

Fragments are considered to be hazardous if their kinetic impact energy is above 15J.

Casualty e"p“
—

£ = 2; L‘I(B)n.mrkpp)"’m 1A m
. 77 w / /
Bins on Earth surface

Population density
Impact probability Casualty cross-section

4

Population density * %‘q
-

(per square kilometeryV‘* »
0-25 ’
25-75 :
75 -150
150 - 300 #
300 - 500
500 - 700

700 - 1500
1500 - 9000

Casualty Area

Human
. 0.36m? |
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The strategy for demise assessment and
verification

Validation

EEEEEEEEE—— Flight
— 5 -

Prediction Experimentation

Kinetic Facilities:

o

¢ Simple break-up
phenomena, e.g.
“break-off” Plasma Wind Tunnels:
> Test cases ¢ Representative material

. characterisation

¢ Object/component Static / Auxiliary Facilities: - Basic demise
aerodynamics ¢ Material databases phenomenology, test

¢ Hypersonic shock- e Isolated investigation cases
shock interactions of phenomena e Flight instrument
-> Test cases verification
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Simulations in re-entry analysis tools

Models:

flight dynamics

aero-thermo-dynamics

heat transfers

mechanical stress

fragmentation

casualty risk

— N
-

2,300e02
2.940e+02
3.580e«02
4, 220002
4, 8800402
5. 500002
6.140e402
6.790002
7.420e+02
IR 8. 0609+02

10.8 » 8., 700e+(2

IW“&'Q !EI

0 20 %0 TS0 1000 1290 1500 1790 2000
Tine ()

Example of a re-entry simulation (credit SCARAB-HTG)

Temperature [K]

<200 300 400 500 600 700 800 900 1000 1100 >1200

Simulations are able to assess the re-entry trajectories, heating flux, casualty risk...but
there are many uncertainties in the models assumptions
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Ground testing \seSsa

STATIC FACILITY PLASMA WIND TUNNEL
THERMOMECHANICAL TESTS

AEROTHERMAL TESTS

On-ground tests are able to assess material properties, melting behaviors, shape
effects...but there are many uncertainties in the test conditions

ESA UNCLASSIFIED - For Official Use Clean Space | 26/05/2020 | Slide 12
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Flight experimentation cSa

RE-ENTRY CAPSULE RE-ENTRY OBSERVATION Data

Flight experimentation are able to assess the break-up events, tumbling behavior,
aerothermodynamic effects...but there are many uncertainties in the experiment set-up

ESA UNCLASSIFIED - For Official Use Clean Space | 26/05/2020 | Slide 13
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Design for Demise
Techniques
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The strategy to develop the technologies

Design for
Demise

ESA UNCLASSIFIED - For Official Use
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Casualty risk < 10~*
- N

System level - the system has to ensure the break-up and
the exposure of the equipment to the heat flux

: ’

| Equipment level - the equipment have to ensure the demise
of all the parts/fragments

~

/
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The design for demise techniques

Minimize Required Maximize Available Optimize Heat Minimize Casualty
Heat Heat Transfer Area
* Minimize mass - Ballistic coefficient - Early break-up - « Keeping re-entry
Fragmentation fragments together
- Replacing materials - Increase local heat o Dedicated - Containment
o GCp flux mechanism
o Tm o Shapes of o Demisable
o € objects attachment
o Odm points
- Add energy
o Exothermic - Orifices, lattice
reactions structure
ESA UNCLASSIFIED - For Official Use Clean Space | 26/05/2020 | Slide 16
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The critical elements identified

=
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Propellant tanks

Reaction Wheels

ﬂ Magnetic-torquers
(IC) Balancing masses
& Structure (secondary)
2 Large Mechanisms (e.g. SADM) exposure
E Large electronic boxes
8 Optical barrels and lenses
E Mirrors
[
O Batteries
ESA UNCLASSIFIED - For Official Use Clean Space | 26/05/2020 | Slide 17
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Q&A
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Design for Demise
Verification

Clean Space | 26/05/2020 | Slide
19
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Why demise verification guidelines? .‘

Need to cross-check the results of
re-entry analyses

Need to flow down requirements
at equipment level

Models Need procedures to combine test and
& Test simulation

Need for modelling and testing guidelines for demise

verification commonly accepted and validated.
ESA UNCLASSIFIED - For Official Use Clean Space | 26/05/2020 | Slide 20
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Demise Verification Guidelines esa

B ——
Living
document TECHNICAL NOTE

Demise
ve r i fi Ca ti o ] DIVE - Guidelines for Analysing and Testing the Demise of

Man Made Space Objects During Re-entry

Procedure

System level Equipment level Material level

ESA UNCLASSIFIED - For Official Use Clean Space | 26/05/2020 | Slide 21
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System level procedure \
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System Level Requirement: the re-entr
Verification equirement: the re-entry

casualty risk does not exceed 10™*

Requirements Implies
; System to expose
System modelling equipment to heat-flux
and simulations
Critical elements :
Casualty risk budget

Verification of quipment Releasfe.
compliance altitude and conditions

ESA UNCLASSIFIED - For Official Use Clean Space | 26/05/2020 | Slide 22
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System level procedure &W eSd

System Level Simulations: DIVE defines system level modeling rules.
Verification These simulations will define:

- Critical parts/equipment

- Trajectory & equipment release conditions
Requirements

Uncertainties: atmospheric parameters, trajectory, loads,
materials behavior, fragmentation process, etc.

System modelling

and simulations - Statistical approach
Critical elements [l Equipment \‘
assessment demise _ M '
Verification - ‘k | ﬂ
Verification of ot J \,,, ﬁ
compliance . ]/ T
5 . \ /‘w\)\ML 3
ESA UNCLASSIFIED - For Official Use N = ff...ude[km] - o Clean Space | 26/05/2020 | Slide 23
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System level procedure ~§§i\~ CSd

Verification of compliance - Reentry simulation with:
System Level - Verified critical equipment models

Verification « Verified break-up sequence

« Uncertainties taken into account

Requirements

System modelling
and simulations

COMPLIANT ?

Critical elements
assessment

Vv || X

YES NO
Verification of

compliance

ESA UNCLASSIFIED - For Official Use Clean Space | 26/05/2020 | Slide 24
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Design for Demise System level

System Design for Demise means to ensure break-up sequence needed for critical
equipment to demise

Example: development of demisable structural joints for early break-up of external panels (e.g.
>90km instead of ~80km)

Sentinel 1 C/D study case:

Demisable joint to release SAR antenna
Soldered joint — low melting temperature
Early separation 2> SAR mostly demises

\
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Equipment level procedure &\\g cSa

AN

How to define Equipment level Requirements?

Equipment Level

Verification

[ Specific mission? } {GenericTechnoIogy?J
Requirements [ Release conditions? J

¥
[ Altitude J [ Trajectory J [ Temperature J

Modelling and
simulations

_
B Verification and
model correlation

ESA UNCLASSIFIED - For Official Use

Example: the equipment shall demise when released at geodetic altitude of TBC

km or above for a re-entry corridor TBD, assuming an initial release temperature
of TBC K.

Propellant tank (internal equipment):
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Equipment level procedure t‘\&\{éesa

Do we have the right model?

Equipment Level All relevant All
e parts : uncertainties _ _
modelled? All materials considered? Simulation of
properties demise events
Requirements known? representative?

Example: RW demise events of interest: e.g. housing
melt, flywheel separation, BBU/central shaft separation, etc.

Modelling and
simulations

Slow-Motion Animation
[flight direction to the right; view from zenith to nadir]

1. 0000}
1, 300w

Demise Tests

Verification and —
mOdeI Correlation ~Assessment of Design for Demise Approaches for Reaction Wheels"” <HTG ST B

ESA Contract No. 4000122741
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Equipment level procedure {=esa

How to define the tests?

e ——

Equipment Level

Temperature
(e.g. heat flux

' mapping) Heat Flux
l @ Effects
o FaC|I|ty Choice |
. Driving Flow Effects Test conditions m
Reqmrements Main Events —— Parameters -—»< Test object(s)

. Test Def nition
selection Mechanical
Loads

Verification ISIMULATIONS

{Support to test

Each test a surprise?

Modelling and
simulations L

Example: MTQ demise test

1. Housing “"pealing”

Demise Tests 2. Potting material regression

3. Coil melt layer by layer

4. Core material emissivity change

Verification and
model correlation Model couldn’t foresee such effects

ESA UNCLASSIFIED - For Official Use Clean Space | 26/05/2020 | Slide 28

— 01 b = ™ - I W = T Il D e BBl E2 B2 ZE m 14 European Space Agency



{ \klw_

Equipment level procedure \sCSa

N

=

How can tests be correlated with full re-entry?

4. Extrapolation to
\Reentry conditions
2. Ground tests w/

specific conditions Ground Test 3. Modify Models to Simulation
Event A mimic test Reentry

Equipment _Level 1. Test prediction Simulation
Verification Simulation Event A

Requirements

Example: MTQO Plasma Wind Tunnel observed phenomena

simulations \ ‘ ‘;\“4 Core melt

Potting burnback

Condition change 2

Condition change 1

——
3. Copper melt

2. Colder copper | ¥
behind
Demise Tests &ﬁ(

Verification and
model correlation

Core heating

ESA UNCLASSIFIED - For Official Use Clean Space | 26/05/2020 | Slide 29
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. . . (s,
Design for Demise at Equipment level s [ £Sd

| | ) _; Full Demise
Example: of . Altitude
Reaction Wheels design for full demise when released at 78km o | | | 5
?'5 -------------------- Higher # Better | ------
25 Most-ProbabIe Casualt‘y Area Curve Comparison . g HITTS A 7777777
o, T 1: Fly-wheel material change > .7 | \ | -
20 Altitude '
§1-5* R R S | @ B ReIease%fItitude[km] . °
g ° |— Baseline -- Al68
§1-°- N ".__'%' - - - - : - - - e 2: BBU/mOtor diSinteg ration 25 Most-Probable Casualty Area Curve Comparison
8 3 : : ; : | :
3 3 TT® .| Full Demise
B S P I o | ]| Altitude
e @ Release7liltitl:1e[km] ] -9; ) 21'5_‘ ‘ ‘ ‘
— W65 — esreleaseTigger | 3: Oil Chamber material change > : || °|
Ja\Ye][e! : : : Combination of 1 \
: Highly iterative : | N\
preconcelved teChanueS & 00 60 69 7B _ 87 96
! p Frocess ! _ ) Release Altitude [km]
Id ea S ! d ISCI pI I n es I — Al68-ReleaseTrigger+GlueConnection - AI68-Option3|
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Equipment level procedure

More elements have been tested and will be tested to develop demisable
technologies

- Reaction Wheels

- Magnetorquer

- Electronic box

- Batteries

«  Propellant tank

« Pressured gas
tanks

- Optical Payloads

« Composite
materials....

ESA UNCLASSIFIED - For Official Use Clean Space | 26/05/2020 | Slide 31
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DIVE - The living document

1 INTRODUCTION

1.1 ScopeandObjectives DIVE report available fOr

This document aims at providing guidelines 0 support the verification of requirements

r%ated with on-ground casualty risk and demise during the atmospheric re-entry of a space E S A M S S a

object. t k h | d

These guidelines are applicable to different users as presented below: ( C O n t a C I e O e rs
t us!)

e System level: the document provides guidance on how to model and verify the
compliance with the re-enfry casualty risk requirements for all systems going through °®
an atmospheric re-entry at the end of life. At this level, this document is applicable for e e d b a C k
system integrators, re-entry simulation modellers, systems engineers & re-entry a n d CO m
analysis reviewers. For these users the verification process is described in Section 2.1. I I l e n t S a r e
e Equipment Level: the document provides guidance on how to define equipment W e I C O m e
level demise requirements, as well as how to verify these requirements, defining
guidelines for their modelling and test. At this level, this document is applicable to /__.——\\
equipment developers, re-entry simulation modellers, demise test designers & qulf ICAT]Y oN

operators, re-entry analysis reviewers and R&D activities technical officers. For these
users the verification process is described in Section 2.2:

o Material Level: the document provides guidance on how to characterise the
material demise behaviour, through modelling and test. At this level, this document
is applicable to materials developers, demise test designers & operators an
activities technical officers. For these users the verification process is described n

Section 2.3 -

For the correct interpretation, the users of this Technical Note guidelines are strongly
advised to involve experts on re-entry analysis.

This document iS considered a living document and can be regularly updated in line with
results obtained in the scope of system or equipment level analyses and test.

ESA UNCLASSIFIED - For Official Use
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Material level - ESTIMATE Database

European Space material demisability daTabasE
(ESTIMATE)

Material level tests will feed the database.

Equipment level tests will also feed the
database soon.

Web page to collect measurement data to characterise
material parameters:

Includes:
- Tested Materials descriptions

- Test Facilities descriptions
« Tests Summary
- Downloadable Material properties

ESA UNCLASSIFIED - For Official Use Clean Space | 26/05/2020 | Slide 33
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Design for Demise
Vision
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The vision

D4D technologies in upcoming
Copernicus Missions

KNOWLEDGE ‘ Demisable systems TRL
1 & Demisable equipment, A TRL7/8
improved models and
improved tests
Demisability tests, equipment TRL6
development, complex models
Demisable equipment design,
materials tests, re-entry & P
simulations Payload demise TRL4/5
design and
development
TRL2/3
Opportunities for Flight
Design for Demi H
o g mee Experiment under study
System activities, simplified . .
models, identification of critical @“ “ Flight TRL1
equipment Experimentation
_ | TIME

2012-2014 2015-2017 2018-2020 2021-2023 2023-2025
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Summary

@esa

There is an urgent need and a high demand for new solutlons aiming to on-ground
casualty risk reduction lower than 1074

DeS|gn for Demise is the intentional deS|gn of space systems & hardware such that

knowledge in the areas of deS|gn for demlse
ESA has prepared the first Gu,l_de_llnes for Démise Verification (DIVE) that are now

available for the 'ESA Member S,taf_eé 'éta.keholders
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Clean Space Webinar Series
management

ecodesign of end of life

+ REDUCING IMPALTS + SPALE DEBRIS REDUCTION

Effect on the atmosphene O

{0 Discharge energy

Emamonmental regulatioes O D Deorhit

Life oycle assessment (O

) Design for demise

clean space

Webinar: EcoDesign

Date: 24th of June
Time: 15:00 CEST

) Design for serwcing

Reentry

in-orbit
servici
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Follow us

* Clean Space Blog blogs.esa.int/cleanspace N

« Twitter @ESAcleanspace

Please give us your feedback by
our survey! B s

To answer our survey, scan the QR code [
o] g
click here [
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