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Zoom on most recent activities

SPIS - GEO

 ESTEC/ESA contract
* Technical officer: David Rodgers

 Consortium: Artenum, ONERA, EADS-
Astrium, OHB-Sweden

* Adaptation to industrial needs, in
particular to GEO/MEQO

- Industrial user needs

- Simplified user interface adapted to
engineering applications

- Physical models adaptated to
GEO/MEOQO)

- Tested software against in-flight
observations and existing codes

 Finalized in March 2013
* Maintenance phase till September 2013

SPIS-SCIENCE

- ESTEC/ESA contract
+ Technical officer: Alain Hilgers
+ Consortium: ONERA, Artenum, IRF-U,

IRAP

* Long-term scientific program of ESA:

missions dealing with plasma
measurements (Solar Orbiter, Juice)

+ SPIS new capabilities

-  Electrostatic cleanliness assessment

- SPIS adapted to relatively low energy
(few eV) plasma measurements with a
large number of physical models
implemented

- Tested on Solar Orbiter (particle
instruments), Cluster (particle &
electric field), Rosetta (electric field)
and Cassini (electric field)

 Finalized in November 2013
+ Maintenance phase till September 2014
e



Software improvements

* Global precision improvements
- Injection at the environment boundary conditions
— User define and not limited number of environment population
- Pusher method in presence of magnetic field
-  Optimization method for injection
* Performance:
- Ul to NUM refactoring
- Multi thread pusher
¢ Instruments:
- Particle detector
- Virtual probes
- Langmuir probes
* Unmeshed element
Thin wire modeling with a very small radius in comparison to the mesh size (booms, antenna, RPW )
Thin panels modeling with a very small thickness in comparison to the mesh size (e.g. solar array)
SA interconnectors modeling with a very small size in comparison to the mesh size
Virtual instrument not interacting with the simulation
Semi-Transparent Grid (STG) without meshing the aperture

Delivered to ESA as 5.1 versions, include SPIS-GEO, SPIS-SCIENCE and some elements from AISEPS (EP)




EAS-ALL: Counts of thermal elec. regarding pointing direction (0-15eV;res. 10x10°)
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Unmeshed elements — Thin wires/Thin P‘;

Potential barrier in GEO Potential map:

» Smooth potential jump = good description of the potential barrier
» Potential effect of the wire

Emission and collection:

* On the wire - small effect because small radius

* On the thin panel - standard surface (face A dielectric and face B
conductor)

Shading effect of the SC on the wire
Wire - intensively used in the validation cases
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Semi transparent grid :

- Measurement of the surface voltage
of a material during continuous
electron irradiation in CEDRE facility

- Grid analyser system based on the
attraction or repulsion of the
secondary electrons

Samphe

Experimental
device

- Paper by K. Guerch to be published

Three grids sytem



SPIS : testing new experimental setup fc

yield measuret

1 Modeling of experimental setup 3 Checking volume potential
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SPIS evolution

.
Dust \\> B

Science
GEO

Internal
charging
EsD |f
Late 2014 Summer 2015
Spis-Science/GEO Dust delivery
Late 2011: SUN final delivery 5.1.8 Aot 2015 Late 2015 -> SPIS 5.2

Bug correction -> 5.1.9
Science/GEO merged in Dust

Several branches of SPIS are co-existing and / or are referenced on the official website.
— difficulty to maintain all versions
— some versions became obsolete before being merged in a maintained version

Late 2012: SPIS 5.0
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SPIS-Dust

Version of SPIS developed by ONERA and ARTENUM under ESA contracts.

It introduces the physics of dusts in space plasma, and their interaction with spacecraft.
particles with dust characteristics (radius, ...)
new forces in the plasma: photon pressure, gravity and on surface: vibration, cohesion,...
dust-plasma interaction: charge collection and emission, charge evolution
physical model of the dust charging on surface and subsequent dust grain emission
new models: 1D plasma sheath boundary conditions, dipole magnetic field,...
new diagnostics instruments: distributions, trajectory sensors, risk matrix,...

It also benefits from new Ul capabilities:
geometry generation from DTM
merging of objects/spacecraft
global and local parameters can be lists/matrices
live monitoring of complex instruments

For users that are not interested by dusts:

The new capabilities do not complicate the use of SPIS
if you do not need it, you probably will not even see it
The efficiency of SPIS for non-dusty simulations is not impacted

memory usage is smaller and execution speed increased by ~10%

OMNERA
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SPIS-Dust

The new capabilities do not complicate the use of SPIS
if you do not need it, you probably will not even see it

File Wiews Tools Help Developer

HJORX

r/;, Transitions aditor _ - !
= Predefined parameters: {SPIS-DUSTﬁSWﬁparameters.xml |'J M&J ‘]3
v Expertise level | EXPERT \"/
g—- [ Surface Interactions T Sources T B Field T Simulation control T Spacecraft T Dusts (] Geometry viewer oA
il [ outputs Yolume Interactions MultiZone T Scenario | Flasma | Poisson equation ] — == L]
u Narme A | Type | Walue | Unit | Description | oo '}3
= || avParthbPercell double 7.0 Hone average number of super-particle per cell J
E electronDensity double  25000.0 [m-3] Electron density {1st population} Q
o electronDensity2 double 0.0 [#/m3]  Electron density {2nd population) T
i“‘ electronDistrib String PICvolDistribUp... MNone MName of the VolDistrib class to be used for electrons -
é; electronDistrib2 String  PICVolDistrib None MName of the VolDistrib class to be used for the 2nd el... ED
[0 || electronDt double 1.0E-6 [s] Maximurn integration time step for electron 1st popula.. ..
|| electronpt2 double  -1.0 [s] Maximurn integration time step for electron 2nd popul...

electronDuration double 1.0E-5 [s] Maximurn integration duration for electron 1st populat...

electronDuration2 double 0.0 [s] Maximurn integration duration for electron 2nd popula...

electronSpeedup double 1.0 [ Mumerical times speed-up factor for electron 1st popu... ..

electronSpeeduUp2 double 1.0 [-1 Mumerical times speed-up factor for electron 2nd pop...

electronTemperature double  350.0 [eW] Electron temperature(lst population}

electronTemperature2  double  1000.0 [ew] Electron temperature(2nd population)

electronTrajFlagl int o] [-] Plot ambient electron (1st population) trajectory? O=n... .. ';

l [+ 2dd global parameter H |=} Delete selected global parameter Jl Sun orientation J .
l @3 Help J l <] Previous Jl [» Finalize run configuration and save project J Iz_g

Global refinament cosfficiant

1.0

Skip mesh editor
l <] Previous ” [ Finalize mesh J

@ Help

(] Geometry Opsraﬁ\

() Tessellation(_) Translate () Rotate() Merge(_) Extrude () Unroll

Parameters

All of the SPIS SCIENCE and SPIS GEO capabilities are included in SPIS DUST.
It passed successfully the non-regression tests.
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Performances

The efficiency of SPIS for non-dusty simulations is not impacted
memory usage is smaller and execution speed increased by ~10%

Execution time: Non-regression cases gain %
70 12
60 10
50
8
40 M Science/GEO 6
30 B DUST5.1.9
: I 4
10 2
0 B - B l
inject./other spacecraft disk 0
push Ject. field P instrument total push inject./other field instrument disk total

Gains depends on the type of simulation: for the ECSS worst case scenario at GEO, the overall gain
was about 60% on the computation time (simulation 2 to 3 times faster), for a similar accuracy.

This gain is due to a better computation of the validity of the current scaling.
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SPIS-Dust capabilities
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SPIS-Dust Ul now allows one to load a DTM, to
generate a surface geometry from it, to insert a
spacecraft or any another geometry element, to
translate and rotate it, and to merge it with the
surface geometry.

Then, it is possible to automatically generate the
simulation volume and to mesh it.
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SPIS-Dust capabilities

Exemple of Philae on Churyumov-Gerasimenko
DTM exists at CNES
Reproduced “by hand” for this simulation

50mx50mx 130 m

File Views Tools Help Developer

_ o o) (0 Group viewer

(o0 Jlw ][« Jla)v]
v [P FaceGroup - 1

» & Plasma Population BC - Spacecraft default

» g ElecNode-7

» 4 Default conductivity model - Spacecraft default

» g Electric Field BC - Spacecraft default

» 48 Macroscopic Characteristics - Spacecraft default

» g Default - No thin elements

» 4 No source - Spacecraft default

» g Lunar dust material properties

» g8 Mesh Model - Spacecraft default

> & No Actual Instrument Support
v [P FaceGroup - 2

» g Plasma Population BC - Spacecraft default

» g ElecNode-7

» g Default conductivity model - Spacacraft dafault

» g Electric Field BC - Spacecraft default

» 48 Macroscopic Characteristics - Spacecraft default

» & Default - No thin elements

» 48 No source - Spacecraft default

» 4 Conductive Lunar dust material properties

» 48 Mesh Model - Spacecraft default

» 4 No Actual Instrument Support
» [ FaceGroup -3
in
> I FaceGroup -
FaceGroup -
» [P FaceGroup -
» [P FaceGroup -
» [ FaceGroup - 9
» [ Facetroup - 10
FaceGroup - 11
> [ VolumeGroup - 100

(1 Groups/Properties editor

4 Na... FaceGroup

[@ 5 sbeuew auedia D |

Q Help < Previous || b Next Cesaiption
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SPIS-Dust capabilities

(] Group viewer
rpE” B v la |-
[ MatTypeldOnEdge = 49 [-] i ;
[ MatTypeld = 49 [-] File
¥ &8 Lunar dust material properties Metadata
[ PEE = 0.35 [kav]
SRE = 1.0E12 [ohm] Row count 25 @
dustRadiusDF = [[D@2145d1ef, [DE@6edoh2f9] [m] et —ZE
[ wMAS = 1250.0 [kg/m3]
RCP = 1.0 [
[F SEY. = 0.455.[-] 1
(€]
dustRadiusDF Xseries | Series1 |
1.050E2 .
m z
A [rn] [5]
— / \ 1 1.91E- 5.11E-5
\ 2 2.81E-8 2.05E-4
8.400E1 % 3 7.863E-9 5.18E-4
"\ 4 |1.53E8 0.00327
735081 { | A 5 3.05E-2 0.0131
| ™, —— —
[ N i i 6 |61E-8 0.0523
E:300EL T \\ 7 [12287 |[o.20e
| ER 8 [244e7 |[o.835
) Ty, § i S — ——
> 5.250E1 II : R 9 4.88E-7 3.31 /
| ; | 10 |9.77E-7 12.8
4.200E1 : : T N—
| | | 11  |1.95E-§ 44,3
eradl| e 12 [3.91E-6 70.6
| e : | 13 [7.81E-6 ||B4.7
2.100E1 S 14 [156E5 (1000
3 3 3 —— 3 [ — -
; B T 15 [3.13E-5 73.5 F
1.050EL |
0.000ED ; : ; i
3.9B0E-5 7.960E-5 1.194E-4 1.592E-4
b dustRadiusDF
o
il —
» 48 Default - Mo thin elements alue Edit Data Flot
» 48 Mo source - Spacecraft default .
= 48 Conductive Lunar dust material properties e lUndefmed

The comet is given the same properties than the lunar soil.

In particular the same dust size distribution, defined thanks to the new table parameters in SPIS.
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SPIS-Dust capabilities

6.68 SPIS-DUST: Simulation of one day (12h) of
Philae on 67P/Churyumov-Gerasimenko
Distance from the Sun: 2AU

390 1° T
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pptential in Volts
|_|
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4.44 |
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Fraction of the surface covered by dust
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SPIS-Dust capabilities

rEey |
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e 2}

Risk matrix:

&) o
Transitions editor | (] Global parameters - _ o
ile
Predefined parameters: | SPIS-DUST_SW_parametersxfl metadata
Expertise level | EXPERT v
Row count 5 [
[ outputs | Multizone | wolume Interactions | Plas Simulation cortrol | Spacecraft | Dusts
Colurnn count 5 E b
Name 4| Type | verbosity |
abrasienFlag int Low s
dustAutoSource int Series 0 | Series1 |Series 2 |Series 3 | Seriesd | lction: 0- user defined, 1- automati MEDIUM
dustCohesionConstant double hesive forces ADVANCED
dustDefaultMass double Low
dustDefaultRadius double LOW
dustDefaultShape double LOW
1 0.0 0.0 0.0 0.0 0.0
dustDensification double Low
2 1.0 1.0 0.1 0.1 100.0
dustDt double Lo
dustDuration double 3 20 10 o1 o1 300.0 Loy
dustEmissionFlag int o (E 1@ Bl Gl 1GEED No dust, 1- dusts in the simulat
dustinitialchargs double 5 a1 a1 3000.0
dustweightOrder int
G double eld
Gy double el
Gz double eld
ar double *work function proportionality 4
Qw double unction proporticnality coefficiel
SeismicNormalamplitude float ks normal to the surface (/f to g
SeismicNormalFreguency float ic motion
SeismicNormalPhase float motion
SpismicTranawerssimnliticel finat Ok Jheiamie matinn (direction 1 - nor}
| [ Add global parameter || =} Delete selected global ybar’ameter’ N Sun yrlentatlon 7

O Help |

| 4 Previous || P> Finalize run configurat

Risk level

Maximum hardness
Minimum severity
Minimum risk for mission

Minimum impact rate

ONERA

RTENUM, PaRris _,,,.-—-—--—'—‘—--—HH__‘_

Science & Groupware



SPIS-Dust capabilities

SPIS-Dust has been used to model actual experiments. It permitted to avoid cross-
contamination of different samples. Model/experiments results are being compared.




New capabilities interesting out of the du

Magnetic dipole:
-> modelling of attitude control actuators, electric propulsion,...
Can be quite interesting for cubesats, ...

IMPACT 1.1 (CMG amzemby)
EFS (Elestrical Fawer Suteyztan)
SxmmpSat Trawweaiver

SFC 43

PCB side parek

Solarcells

[ I R R A RO

T
9 Motor doserboard

10 Structure

11 Reselie antermanodule
12 Transmit antenna moduke

Attitude controlled SwampSat

LocalTimeTransition:

Allows for the evolution of the solar flux and ambient species direction, fluxes and moments (n,v,T)
versus time and zenith angle.

-> modelling of spacecraft attitude changes, of evolving conditions,...

Quasi-1D sheath model:
Allows to compute the boundary condition to apply to the
ambient electron density above a 1D photo-electron sheath
to ensure quasi-neutrality at the boundary.
-> quasi-1D modelling above a spacecraft element without
computing the global interaction of the spacecraft




On-going work at ONERA

y

PhD thesis are on-going or are scheduled for 2015 on the development of SPIS under CNES grants:
advanced numerical schemes allowing to solve more complex problems in realistic times.

_ Patch method (A. Brunet - started 2014):
Advanced multi-domain method allowing to refine the mesh on particular locations (“patch”).

Solve linear and nonlinear Poisson problems on combined
coarse and refined meshes

Small-scale systems simulation: SC interconnectors, sensors
Large-scale simulations: thruster plume, wake. . .

Potential map around 200V biased
interconnects, and electron (green) and ion
(orange) trajectories. Interconnect distance:
50cm, Interconnect width: 0.5mm

_ Hybrid method (O. Jorba-Ferro — scheduled 2015):
Coupled fluid and perturbative-PIC method allowing the simulation of dense plasma flows
First targets are the MYRIADE spacecraft (TARANIS).

ONERA



Future developments foreseen at ONERA

Electric propulsion dedicated developments:
Better plume modelling in particular concerning its structure
Addition of collisional effects, “chemistry”,...
Recollection by the spacecraft, erosion,...

Dust/micro-meteorites impacts:
Develop models of the plasma generated by impact and of its interaction with the spacecraft
from engineering and scientific point-of-view. Problem related to ESD flash-over.
Implementation in SPIS.

Dust consolidation:
In order to be fully operational, SPIS-Dust should include other important dust sources:
meteorite impacts and ice sublimation (modelling of outgassing could be of wider interest).
Need for some consolidation work on the Ul (in particular geometry editor) and non-regression cases.
Coupling with larger environment modelling code and environmentaltal data (implementation of VO inputs/outputs)

ONERA




Future developments foreseen at ONERA

Internal charging maintenance and merging:

For maintenance purposes, the numerical core of IC must be merged by the surface charging version (+ESD).
Interest of a Internal+Surface charging version to better investigate the ESD risk due to IC, e.g. for electric boards.
Needed to correctly model secondaries.

Some important work needed to have a robust consistent model.

Better, Faster, Stronger, Friendlier:
Continuation of the GEO work: make SPIS easier to use and to control.

Live monitoring and control of the interactors and transitions (similar to instruments)

Use of the current scaler predictions to accelerate the computation (semi-analytic computation)
Ease the use of the multi-domain or hybrid methods.

Stabilize and optimize the most advanced capabilities of SPIS (grids, wires, panels,...)

Better management of the materials, coupling with material databases

ONERA
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