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Beyond the space horizon

A smart solution for space environment effects
analysis for small and medium space systems
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S |ITE | Scientific context

« Harmful effects of the spacecraft environment

« Consequences on equipment:
« Losses of sensitive components, payload or even of the entire
spacecraft;

« Malfunctions. Spacecraft Charging

« Optimisation  Multipactor Contamination

Low energy
Energetic plasma

Outgassing

Neutral O-atoms

Debris

Radiation belt
particles

Cosmic rays

Radiation

Solar flares
particles

~~—" Electric Components
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SP CE
S ITE | Industrial context

New constraints

Use of COTS New spacecraft New missions Mass
components designs (EOR, constellations...) optimisation

Proposed solution

Finer modelling of the
impact of space environment

|
Single physic analysis Multi-physics analysis
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S |TE | General overview

« An active actor in spacecraft/space environments interactions:
« To provide a software suite and a pool of expertise for the assessment
of the space environment
« Offers a multi-physical approach to better assess the consequences of
the space systems/payload
« Integration of reference models and tools validated by the community
through comparisons with experiments and in-flight data

« Several main domains:
« Radiation transport
« Internal charging
« Spacecraft charging

 An Artenum / ONERA partnership

ONERA
RTENUM /;'HE FRENCH AEROSPACE LAB\
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S |[TE | Commercial offer

Services |
« Annual online assistance contracts:

« Support provided by a pool of scientific experts;
« Annual registration fee.
« Also available: tickets based assistance

« Advanced studies:
« On demand studies performed by our experts.
* Trainings:
« On each software;
« Small size sessions (10 people max) for an optimised teaching.

* Technical assistance:
* On-site installation and optimisation of the software.

Simulation tools
« Spacecraft charging, radiations analysis...

A pool of experts
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S [TE | Radiation transport analysis

« Radiations effects analysis performed with 3D Monte-Carlo

codes based on GEANT-4:
« GRAS developed by ESA
 In-house models

* A pool of experts

« An homogeneous set of pre and post-processing tools:
« CAD Edition;
« Mesh scoring;
- 2D/3D data extraction/visualisation.
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oF CE

S [TE | Radiation transport analysis

 Geometry creation/edition:
« Load/save to GDML
« 3D visualization

ExtendeD Gdml Editor « Most basic GDML shapes supported

e Materials edition:
* Edition and attribUtlon @‘?’ - % -\” B R EEEE
- Import/export of materials
 Multi-attribution
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e Import/export capabilities:
- STEP-AP 203/214
« GMSH
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'|E | Radiation transport analysis

@i new.gdml - Artenum EDGE [ExtendeD Gdml Editor]

File Tools Views Help

AlJH

Q| e = s e ||| :

Shape [
 Lunar_Excursion_Module_step oV

ExtendeD Gdml Editor

/home/benyBureau/communications/sctc201 8/ambreGdmUambre_v9.no.connector.dome._deflector7 .CardsForDoseUnrolled.noOverlap.gdml ... - o x

File Tools Views Help

Al #® Geometry [ Material Defintion ¢§¥ Material Assignment

i, _ o oD _ o o (O o
\* /o) ) | S)(* ) (=)= )= as ) as (2 |- Model operations - v
Shape [«
v ® world ®
v B casing o.M
™ top o Type Box
2 ambreTopSupportocC UM
© ambreAttachmentl O Name lateralFacel
§ lateralFacel od Dimensions configuration
D |ateralFace2 oW
D |ateraFace3 o x $0.0 mm
D |ateralFaced eu
© ambreAttachment2 W) y 35 mm
® ambreBottomSupportC M 21200 -
® bottom (S]]
2 cardsBox oy thickness 0.0 mm [\
® copperString [ 1)
® SingleComponent [ 1
® equivalentComponentsCcl ¥ LUnits configuration
> @ casing L Length | mm v
v B extremityl [ 1]
2 internal [ 1]
® contour oY Position ~
v B extremity? o - ~
® internal_1 ey g 2.0
® contour_1 oV vy 10 =
v B cards .w 42.0 M
® cardlTube o Z 0.0
 card2Tube [ 1]
 card3Tube [ 1] Rotation
® card4Box o
® cardsTube el | x oo
v B deflector [ -
® deflectorElipsoidl @M Y 00 radian  |w
® cachelTube oY
® cache2Tube oV Z 00
£ supportA oW
® supportC o
v © tubeEquivalentl o _Sancel | |Lapply |
 Tubea [ |
© Tubed o
® TubeC [ 1%
© Tubed ov.
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S ITE | Advanced CAD processing
« Rich STEP-AP importer

« Geometry simplification/cleaning
capabilities

 Editing

ML
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o> [TE | SSAM Sector Shielding Analysis (1/4)

« Radiations pre-analysis EDGE plugin

* Pre-condition tool for Geant4 analysis:

« Quick calculation
« Sphere equation model
« Thickness of each materials from a point

Sector Shielding Analysis

- n -
o A I l I I I I I I I I ' I I I l e q ' I I V a I e I l t Perform a Sector Shielding Analysis. NB: such analysis will only be consistent if the system does not contains overlaps.

th i C k n e S S CO m p u ta ti O n Sub-dhisians | 36 for theta for phi Total emitted rays 100000
 Depending on material  =u. FEIER e

densities

 On all directions

* Deposited dose

computation
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Punctual source X -38 Y -9 Z 0.0

[

» ® Sector_Alu_Eq_Thickness
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| showin3D || Plot || Export |

Mean | Min | Min |
2.4927E-3 2.0214E-3 5.887E-3 A
2.5124E-3 2.0137E-3 3.2108E-3
2.5511E-3 2.0406E-3 3.4988E-3 ]
2.5707E-3 1.9817E-3 4,3597E-3
2.5719E-3 2.0304E-3 7.3982E-3
2.6285E-3 2.0054E-3 6.2588E-3
2,7553E-3 2.5298E-3 4,7022E-3
2.7773E-3 2.4947E-3 4,6621E-3
2.8251E-3 2.4559E-3 5.2674E-3
2.902E-3 2.5702E-3 5.5196E-3
3.0688E-3 2.4668E-3 7.2656E-3
3.1355E-3 2.5276E-3 7.3987E-3
3.6181E-3 1.8045E-3 6.2026E-3
3.6365E-3 1.946E-3 6.257E-3
3.8209E-3 1.9887E-3 6.1912E-3
3.8494E-3 2.1112E-3 6.4866E-3
3.8789E-3 2.039E-3 6.134E-3
3.8795E-3 2.157E-3 6.5328E-3
3.8863E-3 2.142E-3 6.2608E-3
3.934E-3 2.0332E-3 6.4835E-3
3.9669E-3 1.9835E-3 6.1566E-3
3.9725E-3 1.9727E-3 6.2446E-3
3.987E-3 2.0129E-3 6.6176E-3
4,0171E-3 2.6038E-3 7.6123E-3
4,070SE-3 2.017E-3 6.5294E-3
4,0758E-3 1.988E-3 5.7745E-3
4,0958E-3 2.0397E-3 7.4013E-3 "

Close ‘



SP ' CE
o [TE | SSAM Sector Shielding Analysis (2/4)

© ONERA/Artenum, 2018 Reproduction, communication and use is forbidden without prior written agreement



oF CE

S [TE | Radiation transport analysis

Mo@R/\

Modelling Of Radiations

« Deposited dose,
energy, charge...

* Fluence energy
spectrum

« Scoring for internal
charging

 Facilitate the use of GEANT4 models:
Rich and user-friendly interface;

Easy simulation configuration:
- Sources definition;

- Particles spectrum;

- Events number...

« Geometry 3D visualization.
« Post-processing

Mome BeayBure s/ Space/ciroa/Shared/T woslabs gdml - Arteaum EDGE (FrtesdeD Gaml € - 0 x
|
'UI_.< -2 -
/h /B /Test6.moora c > S
/ - o
Fie Tools Views Help v © Strncture 1 [ I
| Qthnetl 0OF
Qthnet2 O
! +.J -J 6 Oty O
| o scoce |
P ¢ Srston sacins G o
and Material G
< Geometry and Material , Source Yy Suppert
52! GOML Input fle (LS EJ | | shape surtace sphere i) Centre posticre x = 0.0
. *auMoORA, - gami } Radus = 06 | cummg
1| source manager ‘
° © Source Angular distribution
‘ ‘LJ LLJ Distribution type | Cosinedaw B
s"’::,mm ppotePoint Shepe Buie= 0.0 R3dan ¥ ; Boae = 90 Oegree
position=(0.0, 0.0, 0.0] cm,
anguiar distribution=iso Distribution P = 0.0 |Radan Q""‘ 263185 9586 | |Radian
thet 0.0 Raduan, {
thetaMax=1.141592653589793 Radhan, rw
phiMax=6.283185307179586 Radan,
energet B ion=gearting, Particle: | electron artiouk
particleType=Mons Distribution ] [ Y SS—— — Fle
energiVakie=1.0 MeV Distribestion: | User defined i) ceell Metadata
= ses Table Name |Energetic dstribution function |
yais unt: [em=2.se-b (o) u) 3 €5 . Row court a”)
3€
m N OO ™ Energy }muu
Cut dstance threshold 0.001 mm 0€ SE-1 SE-1 7.5E E0 1.2E0 15E BE Mev] [em=d . gret
Physic Uist choce om_lowenergy = - 03 70000000
I (= Par unt VS enecgy| 04 | [4000000.0
‘otal events number 10000
) Lve mongor simulation progress E e ad
) 3 2000000.0
| O Hep | | 4 '[1000000.0
o
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oF CE

'|E | Radiation transport analysis

o@'

—— Modelling Of Radiations ——

X - o

GEANT-4 macro files generation and edition
Simulation launch and monitoring
Full complient with ESA/GRAS

Extensible / adaptable to other GEANT4
based kernels.

MoORa: /home/artenum/Bureau/MoORA_Amandine/Test6.moora

File Tools Views Help

+J A

X

~

MoORa: /home/artenum/Bureau/MoORA_Amandine/Test5.moora

File Tools Views Help

HOl&

7/
o
g 1 KFile generated by Artenum MoORa [Modelling Of Radiations] - contact [at] artenur
2
3 M e Verbosity «««----
B 4
5 [process/verbose 8
6 /control/verbose 8
7 Jtracking/verbose 1
@ 8 /event/verbose 8
9 Jrunfverbose 8
o
11 # e Physics ««ceveeen
12
13 # --- set cut ---

14 fgras/physics/setCuts 0.681 mm

15  fgras/physics/list

16 fgras/physics/addPhysics em_lowenergy
17 [gras/physics/describe

®oNEER D

18

19 # ---ve-- Primaries -------
208

21 #

22  #Source definition

23

#
24 [gps/pos/type Surface
25  [gps/pos/shape Sphere
26 fgps/pos/radius 8.6 cm
27  [gps/pos/centre 6.8 6.8 6.8 cm
28 fgps/fang/type cos
29  fgpsfang/mintheta 6.8 rad
38 /gps/fang/maxtheta 98.8 deg
31 /gps/fang/minphi 8.8 rad
32 /gps/ang/maxphi 6.283185387179586 rad
33 /gps/particle e-
34 [gps/feneftype Arb
35  [fgps/hist/type arb

36 fgps/hist/point 8.3 78000080.08
37  [gps/hist/point 8.4 4800000.0
38 /gps/hist/point 6.6 3000000.0
39  /fgps/hist/point 8.8 2000000.8
48 /gps/hist/point 1.1 1066660.0
41 /gps/hist/point 1.6 3600800.8
42 /gps/hist/point 2.4 300000.8
43 /gps/hist/inter Log

44

a5 #

46  #Normalisation

a7

#*
48  Jcontrol/alias
49  Jcontrol/alias

NORM_FACTOR_SPECTRUM "6700000.0
NORM_FACTOR_ANGULAR "3.141592653589793"
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[inFo v @ Auto scroll|_@ Clear console |
| ..| Date | Message
ZUIGJUALL-L&0Zio7  TIOIEMTsr Ul pl-  SUDTypeE= 3 2
O 2018/04/11-14:52:57 dE/dx and range tables from 100 eV to 1 TeV in 200 bins >
O 2018/04/11-14:52:57 Lambda tables from threshold to 1 TeV, 20 bins per decade, spline: 1
O 2018/04/11-14:52:57 ===== EM models for the G4Region DefaultRegionForTheWorld ======
O 2018/04/11-14:52:57 hBrem: Emin= 0eV Emax= 1TeV
) 2018/04/11-14:52:57 hPairProd: for pi- SubType=4
&) 2018/04/11-14:52:57 dE/dx and range tables from 100 eV to 1 TeVin 200 bins
) 2018/04/11-14:52:57 Lambda tables from threshold to 1 TeV, 20 bins per decade, spline: 1
O 2018/04/11-14:52:57 Sampling table 12x1001; from 1.11656 GeVto 1 TeV
&) 2018/04/11-14:52:57 ===== EM models for the G4Region DefaultRegionForTheWorld ======
O 2018/04/11-14:52: hPairProd : Emin= 0eV Emax= 1Tev
& 2018/04/11-14: [GRASRunActionStack::BeginOfRunAction] debug 1
O 2018/04/11-14: [GRASANalysisManager::BeginOfRun] debug 1
T 2018/04/11-14: SoiOROROCRORIORIRIK.
) 2018/04/11-14:53: *kk AUTOSEED ON #k*
0 2018/04/11-14:53:19  *hkkkikkkkikikibik
&) 2018/04/11-14:53:19 - Ranecu engine status
&) 2018/04/11-14:53:19 Initial seed (index) = 0
&) 2018/04/11-14:53:19  Current couple of seeds = 820433, 126927
O 2018/04/11-14:53:19 --
) 2018/04/11-14:53:19 ### Histo will book 8 histograms
© 2018/04/11-14:53:19 [Histo::book] Booking GRAS histogram #0 doselayerl_dose
&) 2018/04/11-14:53:19 [Histo::book] Booking GRAS histogram #1 doselayerl_total_dose_vs_primary_kine
© 2018/04/11-14:53:19 [Histo::book] Booking GRAS histogram #2 doselayer2_dose
&) 2018/04/11-14:53:19 [Histo::book] Booking GRAS histogram #3 doselayer2_total_dose_vs_primary_kine
) 2018/04/11-14:53:19 [Histo::book] Booking GRAS histogram #4 doseLayer3_dose
) 2018/04/11-14:53:19 [Histo::book] Booking GRAS histogram #5 doselayer3_total_dose_vs_primary_kine b
&) 2018/04/11-14:53:19 [Histo::book] Booking GRAS histogram #6 doselLayer4 dose v
==
| (® stop simulation l
—_— 5147710000 |
@ Help [ < Previous ] [ P Next ]




Jhome fartenum/Bureau/fake TralningOnera/input/SpacewirelnBox_3mm_1mmPX.gdml - Artenum EDGE [ExtendeD Gdml Editor]
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v B Tubed ey
BT oY
Ziee @Y
Modelling Of Radiations oy

« Example of application case
« Cable/wire in space

Spacewire_inMilliMeter_doseDep (Gy.electron’.cm?.(s)) Spacewire_inMilliMeter_charge (C.electron’.cm?.(s'))
1,00e-164,47e-16 2,00e-15 8,94e-15 4,00e-14 -3,00e-27-2,13e-27 -1,25e-27 -3,75e-28 5,00e-28




SP CE  Spacecraft charging and electrical
S [TE  propulsion

drzn

» Spacecraft/plasma
interactions and spacecraft
charging modelling:

» Spacecraft charging

« Sheath and wake structure

« Electrical thruster plumes

« ESD and solar array
interactions

« Internal charging

« Dusty plasma

BOOHeQT A 4 ;

pErLLErLEBO0 o

DErLLTrLAB00 o

ia

* Open-source dynamic:

« SPINE community (www.spis.org)
 Initiated by ESA and supported by CNES

© ONERA/Art 2018 Reproduction, communication and use is forbidden without prior written agreement



SP CFE | Spacecraft charging and electrical

S [TE  propulsion

ectrostatic sheath analysis

asma wake

HITH
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« Internal charging analysis

-:

Maximum potential on node 0

ric field on node 0 —(af (=

Marximum electric field on node 0

doseDep (Gy)8

141,

108,




Not available yet

Thrust

Ions trajectories

Comtamination
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S ITE | General information

e0e SpaceSuite - Beyond the space ... * "'.\

€& () www.space-suite.com G  Q Rechercher B ¥4 A

-+

Space Environment + Services v Tools Aboutus Contact

e For more information:

* conta Ct@ Space-su ite.eu Professional services for space environment modelling
Y D e m a n d O u r D et a I | e d Offe r‘ SpaceSuite provides a multi-physics software suite and

a pool of expertise in order to medel space environment
d P T T D O P . effects on spacecrafts in the most efficient way and to
a n rl CI n g ( ) 14 help spacecraft conceivers preventing damages on
W W i r spacecraft.
 Follow us with ou
I . SpaceSuite offers a consistent set of support through
m a I I I n g I I St . trainings, assistance contracts and advanced studies in

each physical thematic but also in a multi-physics

approach.

) P I e a Se CO m e V i S i t O u r SpaceSuite tools are mainly issued from scientific

website: S
. http://www.space-suite.com

Request our Detailed Offer and Pricing (DOP).

Services

Trainings are offered to discover our products but also optimize their use.
Assistance contracts make sure you benefit from our experts analysis and
skills in order to assist you in your use of our products.
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Beyond the space horizon

WWW.Space-suite.com
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