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O Comparison between M2009 and M8
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... How MASTER is used today
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MASTER on the risk assessment process

Debris/umet
environement
simulation
MASTER

<

)S 3196 80 00 .
gineering.software@airbus.com

Ray tracing simulation
SYSTEMA DEBRIS

Penetration? Physical
equation

Web : www.systema.airbusdefenceandspace.com

e e S Satellite geometry
modelling
SYSTEMA

et
About license :
| valid local license found, expires at 31/01/2022
(file; C:/Users/vilarando/Documents/Systema/Systema-Debris-4.9.0,
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Probability of failure
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Penetrating flux
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Environment

Debris/pmet
environement
simulation
MASTER
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STENVI format is the input of Systema-Debris

.
fS-file

.
'fog file

Ne
v\tp ut file

Various type of environmentcan be used:
= Detailed environment
= Simplified isotropic environment

Direct output from
MASTER

Created from others
environment models

Diameter [m] Fiuence [m 7]
Interplanetary / IMEM|Jovian / JMEM | TOTAL
1.00E-07 3.44E+05 1.39E+04 3.58E+05
3.00E-07 B8.01E+04 9.68E+03 8.98E+04
6.00E-07 3.85E+04 2.79E+03 4.13E+04
1.00E-06 2.1BE+04 9.68E+02 22BE+04
2.00E-06 7.98E+03 2.85E+02 8.26E+03
5.00E-06 2.28BE+03 B.25E+01 236E+03
1.00E-05 9.10E+02 247E+01 9.35E+02
3 .00E-05 2 50E+02 184E+00 252E+02
100E-04 148E+01 6.01E-02 148E+01
3 .00E-04 137E+00 2 5503 13BE+00
100E-03 893E-03 179e-04 5.11E-03
100E-02 109E-06 6.22E-06 7.30E-06
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Satellite geometry

Generationof a realisticsatellite model

Satellite geometry
modelling
SYSTEMA
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Backward ray tracingas support to physical equation

Ray tracing - Ballistic equations

Ray tracing simulation Penetration? Physical
SYSTEMA DEBRIS equation

dy ol e 808 o, V1 208, ol ™ 1780 /)

Physical equation

1 wall = Christiansen “single wall equation”

- —s

diameter {cm)

Equipement 0.2
weall

o B 10 15 20
wvelocity fkm/s)

2 wall 2 Modified Cours-Palais/Christiansen equation

0.8 4

Whipple derit @ O deg
- - monolithic derit @ O deg

0.7 1

0.6
0.5 1
0.4

Ballistic Limit Improvement due
to Shield Standoff

0.3 1

Critical Al Diameter (cm)

0.2 - A dern

Bumper oad T T T e ___.

Equipement
wall o

Vatocty Range:  Balisic Regime phmgmannton Comptote et Ragime. Ve locity (kmi/s)
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Penetration flux

Penetrating flux - Probability of failure

Penetrating flux

Probability of failure

Probability of failure
P €0,1]

From the penetrating flux, the
probability of (no) penetrationcan be
computed usinga Poison law.

P=1-¢e(M
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Connexion Systema-Debris/MASTER

Debris/pumet
environement
simulation
MASTER

Risk assessment process

Satellite geometry
modelling
SYSTEMA

Probability of failure
Peo1]

P=1-¢(M

Ray tracing simulation Penetration? Physical
SYSTEMA DEBRIS equation
d.=fr(or40P 41 ) 12480, cosd]* " [175-1,/9)
Done M s @) /4-09
Penetrating flux
N
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® Times

Trajectory:

Mission around Earth: x2

* orbittransfer } 2 MASTER
* orbitmission outputs
Interplanetary mission: x1
isotropicenvironment.

Kinematic:

Geostationary spacecraft: x1

Earth observation spacecraft: xNpointing
Calculation for a set of representative
pointing
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Connexion Systema-Debris/MASTER

11

Now

[ Possible Future ]

Results

Results

Geometrical
model/mesh

Environment
STENVI files
(output
MASTER)

3 March 2031

Mission

How connect MASTER to Debris?
Call N times MASTER and read N times the STENVI?
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Geometrical ) ) _
model/mesh Trajectory Kinematics
A
MASTER
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Systema-Debris 1D tool

Environments:
e MASTER STENVI outputs >  OK.STENVI compatible with Systema
e Environmentfrom othertools like ORDEM or MEM3 ——> ¥ STENVI not a standardfor all tools = Converter between formats.
* TablesFluxvs diameter/mass from specification — 5 ) 4 Converter between table and STENVI.
document
Table STENVI format

) Fluence [m™]
Diameter ] | olanstary / IMEM] Jovian  IMEM | TOTAL

1.00E-07 3.44E+05 1.39E+04 3 5BE+05 TOOI to:

3.00E-07 B.01E+04 9 BBE+03 B9BE+D4 . .

oo T rieos T e Tarsios Conversion  Generate STENVIfrom a table and vice versa
soeoe | aveor | s Traens > « display STENVI

1.00E-05 9. 10E+02 2 47E+01 9.35E+02 P .

3.00E-05 2 50E+02 1B4E+00 | 252E+02 < ° |nte rroga“on Of STE NVl

1.00E-04 1.48E+01 6.01E-02 148E+01

3.00E-04 1.37E+00 2.55E-03 1.38E+00

1.00E-03 893E-03 1.79E-04 9.11E03

1.00E-02 1.09E-06 6.22E-06 7.30E-06
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.. Comparison between M2009 and M8
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Comparison between M2009 and M8

A study has been performed by Airbus DS for CNES in 2020.

The aim of this studywas::
e quantify theimpact of the new Debris environment model MASTER-8 on the spacecraft reliability,
* check if currentS/C designs are adequate or need to be reinforced (with additional shielding for example).

The study was made:

e At 800km.

* Onlyonthe debrispopulation.

* For 3 epochto catch the evolution of the time = 2010-2015 (the referent epoch)
- 2015-2025
- 2026-2036

The first step was to compare the two environment predicted by MASTER 2009 and MASTERS, than to see the impact on
the S/C critical impacts and the mission reliability.
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Comparison between M2009 and M8

Debris flux vs diameter

1 80E+04—

1,00E+03—

1,00E+02—

HO0E+01— = » =MASTER 8 - 2010-2015
1 B0E+08— —— ASTERT - 2010-2015

E+00

1,00E-05 , 1,00E-03 — + =MASTERS - 2015-2025

MASTERT - 2015-2025

== + aASTERE - 2026-2036

s WASTERT - 2026-2036

Flux [1/m*2fyr]

DiiErmetre critigme ] 1,00

- At 800km, for the small particles under 0.6mm, the number of particles predicted by M8 are superior of the M2009

flux over the time.
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Comparison between M2009 and M8

Debrisratio flux vs critical diameter— M2009
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50-39L°E
50-315°2
50-300'2
S0-385'1
G, _—..

300D

BERSHS

STI026-2036/ref)

m Ratio des flux de debris (2015-2025/T8

Debris ratio flux vs critical diameter— M8

—> MB8: Increase over time of the

flux for particles below 0.8mm.

LO-3LE'D
LO-3L0's
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Ratio des flux de debris (2026-2036/ref)

Ratio des flux de debris (2015-2025/ref)
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Comparison between M2009 and M8

Debris ratio flux vs critical diameter — M8

LELELEL R
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m Ratio des flux de debris (2015-2025/ref) Ratio des flux de debris (2026-2036/ref)

U

- Impact onthe number of penetrations on two S/C of the study: reduction of the number of penetration over time.
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On MBS, the particles thatincrease over time are most of the time not critical for the sensitive part of the S/C.

On M8, the number of critical particles for the sensitive part of a S/C stay stable or reduce over time.
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Comparison between M2009 and M8

* At 800km, the number of small particles predicted by M8 are superior of the M2009 flux over the time.
* Therangewhere the number of particlesincrease over timein notthe same for M2009 and M8.

* The number of no critical particles fora S/C increase over time.

* the number of critical particles for a S/C stay stable or reduce over time.

This led to a surprising stability of S/C critical impactsin the future with M8 at 800km. This stability is not consistent with the current
trend for constant and strongincrease of the space traffic.
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Summary

Today, the STENVI files are the input of Systema-Debris.

Tomorrow, we would like to connect MASTER to Systema-Debris.

* Some pointsonthe connection between MASTER and Systema-Debris are still open.

Systema-Debrisis flexible, it can adapt it STENVI readerto be in line with a possible evolution of a new STENVI format ( inclusion of
uncertainty, binning...).

A more exhaustive investigation on the debris M8 model need to be performed at other orbits.
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Thank you
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Export control Information

This document contains EU or /and Export Controlled technology (data):
| YES [~ NO

If YES:

1/European /French regulation controlled content

Technology contained in this documentis controlled by the European Union in accordance with dual-use regulation 428/2009 under Export Control Classification
Number [XEx«]. (1)

— Technology contained in this documentis controlled by Export Control regulations of French Munitions List under Export Contr ol Classification Number [MLXX or

AMAXX]. (1)

2/ US regulation controlled content

— Technology contained in this documentis controlled under Export Control Classification Number [xExxx] by the U.S. Department of Commerce - Export Administration
Regulations (EAR). (1)

[~ Technology contained in this documentis controlled by the U.S. Department of State - Directorate of Defense Trade Controls - International Traffic in Arms Regulations
(ITAR). (1)

(1) See applicableexport control license/authorization/exception in Delivery Dispatch Note.
Disseminationisonly allowed to legal or natural personswith rightto know who arecovered by an appropriate exportlicense/authorization/exception.
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