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SPIS Context

- SPINE (Spacecraft Plasma Interaction Network in Europe) community setup
around year 2000 (A. Hilgers, J.F. Roussel, D. Payan...):

Gather European efforts for SC-plasma interactions
Boost the development of a common simulation toolkit: ESA ITT in 2002 => SPIS

- SPIS Development (Spacecraft Plasma Interaction Software) :

Initial development: 2002 — 2005
* ONERA leaded consortium
« ESA/ESTEC TRP contract
Major solver enhancement: 2006 — 2009
* Mostly ONERA
« ESTEC ARTES contract, French funding
ESD triggering modelling : 2010
* ONERA leaded consortium
« ESA/ESTEC TRP contract
Others
¢ Some community developments
« Some CNES-funded enhancements (EP, ESD)
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SPIS Context

. Recent SPIS activities =

SPIS-GEO: Simplified MEO/GEQ tools for spacecraft charging (ESA contract: TEC-
EES/4000101174)

SPIS-Science: Computational tools for spacecraft electrostatic cleanliness and
payload (ESA contract: 4000102091/10/NL/AS)

EIShield: SPIS-Deep charging module (ITT ESA: TEC-EES/2008.266/PN)

AISEPS: Assessment of the Interactions between Spacecraft and Electric Propulsion
Systems (ESA contract: 4200022730/09/NL/SFe, EADS Astrium leaded consortium)

See respective ESA technical officers for all question and/or further information:
Alain Hilgers (TEC-EES): Alain.Hilgers@esa.int
David Rodgers (TEC-EES): David.Rodgers@esa.int
Eric Gengembre (TEC-MPE): Eric.Gengembre@esa.int
Giovanni Santin (TEC-EES): Giovanni.Santin@esa.int
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SPINE community

- SPIS is maintained and hosted in the frame of the SPINE community
Web site and exchange platform: http://www.spis.org

A dynamic life:

* More than 680 registered and active |« o mmerm (41
members O e S e RIEY

Guest - Login [}

» About 4 new registration by week

* More than 6500 dOWIOadS a” SPINE in brief | Objectives | Members
versions/branches includes News a0 EWENs g o cocraft Plasma Interactions  REIRTII

Meetings Network To access to the SPIS software, data and other tools of the SPINE community, |
Forums  jn Europe (SPINE) a user registration to the SPINE community is mandatory.

° M O re th an 80 pu bl iCat i O nS re | ated to FLblicstions Please follow the link SPINE Community registration form. Take care that only

Contact The objective of this network is to share resources

. ags Registration form | and to co-ordinate efforts in all domains related to registrations done through this form will be valid on this platform.
SPIS and SPINE activities th racion o Spacerat it e spce .
I Tools & archives pla: i If you have already an account, please go to the Login page.

int
sma, including s

location: LibreSource Entreprise Edition > The SPINE Platform > SPINE > SPINE home

I _ SPINE home Properties - Security - [_More actions... = |

SCTC archives :eahan of this network and its primary objectives

* Annual workshops I e a0 o orens S o

site is to become an advanced platform for El and e work, 2 kind of Virtual Laboratory dedicated to studies of

Password lost ? Please contact us (contact_at_spis.org).

WG 1 spacecraft-plasma interactions. Please use the SPINE Community’s Virtual Lab to share and exchange knowledge, data, results and tools

o An aCtive fo ru m wg g r:ated to sp:ce:aft—plasma Ir:era::onsl )
ews and Events and other links |
® A g rOWI n g Set Of expe rtS! I nCI u d I ng ry 3 SPINE Meeting, SPIS Final Presentations & SPIS training
several academic and industrial | oo s member, |

| Cross Validation WG
= 19-21 March 2013, 19th SPINE meeting, SPIS Studies Final Presentations and SPIS training, ESTEC, Noordwijk, The Netherlands: 19th ‘

SPIS Home . ‘
iti Downicad  puye to the increasing load on the SPIS servers, we are going to perform a maintenance operation tomorrow Friday 15th of February, starting
entities | |

- SPIS is an open-source software freely available
GPL-like license
Registration required: http://dev.spis.org/projects/spine/home/captcha
Software download: http://dev.spis.org/projects/spine/home/spis/software/download
SPIS is a Java based application and can be run on all platforms supporting JAVA

™
-
o
q
N
1oy
Q
N\
N
17}
Q
©
x
=]
b
m
()
£
©
9]
g
2]
>
P
L
o
w

O HERMA

e S
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~
SPIS:GEO

- SPIS 5 includes a new rich user

interface to help the user to follow the
whole modelling process while e
guaranteeing data consistency I
Wizard-based GUI & batch mode K i
Integrating all needed external =
« CAD tools
* Meshing tools
« 2D/3D data analysis and visualization
* Reporting
- Based on the multi-physics and open-
source Integrated Modelling
Environment (IME) Keridwen
Modular design for tailored declinations
Multi-physics
OSGi standard
Interoperability
Hierarchical data model
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Geometry editor

- Rich CAD/geometry editor

Brep based approach (Gmsh model)

Capacity of import various CAD formats (Gmsh geo format, STEP, Brep, Iges...)

NXeXe!

File Views Tools Help Developer

+J U E X

i

EeUn

: LA B

o oo O T
A BJajle] x|
Name &5
v (53 Geometrical system
[ main.geo O] 1t
EI hub.geo o
[ solararrayl.geo oe
|:j solarArray2.geo oo
|| topKeel.geo @] 1|
[/ boom.geo o
|| opticalBench.geo o
[ sBandAntenna.geo o
E] externalBound.geo oW
|| physicalGrps.geo o8
(&5 Instruments
Global refinement coefficient
1.0
[_] Skip mesh editor
l {3 Help J l <] Previous Jl [> Finalize mesh J
OMER A,

NE Y]




Mesh editor

« 3D unstructured mesher
Mesh adaptation to handle complex geometries, large range physical scales)
Possibility to directly import existing meshes in various formats

AaNno SPIS-GEO: /Users/artenum/tmp/DefaultProject.spis5

File Views Tools Help Develope

FeRR]=1pS

r

=/l\ #  Mesh editor - = =l (1 Meshviewer X =)

Sl S LU L

‘]}, | Name d‘l—’a

v EGeometrical system
B cad_sav.msh o] 1o
ﬁ Instruments
@ =
- =
o N
Al il
= :
[T
<
Al
(aV]
173
<@
©
x
>
-
[a]
o)
£
b4 ¥
8 Operations X | [| Statistics X - m
S Number of tetrahedra: 6077
n
= Number of faces: 12730
E Number of edges: 7905
y- ; "

% | l O Help J l < Previous Jl b Next J MNumber of vertices: 1255
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Surface and Volume properties editor

Full refactoring of the Groups Editor

Attributions of complex properties of each sub-set of the modeled system
* Initial and boundary conditions and material properties
» Hierarchised and extensible data-model to support future evolution or physics

¢ I/O Capabllltles [T Té"e) SPIS-GED: /Users/artenum/tmp/DefaultProject.spis5

XML format | fie Views Tools relp peveloper
#J JH A
« NASCAP-2K |

(] Group tree X — =" = (1 Group viewer X — ==
Simplified GUI B uuuuuu N
3D view

| r|FaceGroup 30029

I FaceGroup - 30030
» Automatic
presetting

""\.
I FaceGroup - 30031
I FaceGroup - 30032
F FaceGroup - 30033
F FaceGroup - 30034
| FaceGroup 30035
» & No Actual Instrument Support
45 Mesh Model - Spacecraft default
2 CERS
Mo source - Spacecraft default

Default - No thin elements Y
Macroscopic Characteristics - Spacecr| || LISEIEEIZCEEUEEEE UG

Electric Field BC - Spacecraft default [ —[a]
Group type lSpacecraft surface group

oW +OE9A b,

!F‘r"-.

Default conductivity model - Spacecra

Spacecraft ground (ElecNode-0) Mandatory Properties

5 Plasma Population BC - Spacecraft de I |
I FaceGroup - 30037 phared
r FaceGroup - 30038
I FaceGroup - 30039 Electrical node model lO—Spacecrafl ground (ElecNode-0)
I FaceGroup - 30040 -
IF FaceGroup - 30041 S/C conductivity model lO -Default conductivity model - Spacecraft default
I FaceGroup - 30042
r—. FaceGroup - 30043 |

:t Loenleown . 20044 ik S/C macroscopic characteristics lO Macroscopic Characteristics - Spacecraft default

)
l @ Help J l <] Previous ” [ Next J S/C thin elements lO—DefauIl - Mo thin elements

S/C plasma population BC lZ—PIasma Population BC - Spacecraft default v] ]

Y

@

5/C electric field BC ll -Electric Field BC - Spacecraft default

a

NN RIS

O
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Simulation Parameters

- SPIS may include more than 200 parameters !

- New Global Parameters Editor, with:
Various levels of expertise (Low, advanced, expert) to simplify settings
Typing/field validation
Varions formats support (XML, Excel, etc...)

SPIS Science: /d/mateo/scri/Validation-SCIENCE-IRFu/Z0130402_CL3_photoe-SWEEP4-ONERAZ.spis5/DeTtaultProject.spis5

File Wiews Tools Help Developer

HO0EX

ﬁ Transitions editor X B BRElBEIREE] =1 e !
™ .2 ] Predefined parameters: lgIobaIParameters-SPISGEO—ECSSGeoWorStCase.}{mI |'] l Iy H = J JH
8 g) verbose level | LOW =] A
8 ﬁf [ Outputs T Volume Interactions T MultiZone T Scenario T Plasma T Poisson equation T Surface Interactions T Sources T B Field T Simulation contral I Spacecraft I Eclipse Ewxit ] Q
& n Mame 4| Type | Walue | Unit | Description | Werbosity | Eij
ED; 2 electronDensity double 200000.0 [mn-3] Electron density (1st population} Loy
3 = electronDensity2 double 1200000.0 [#/m3] Electron density (2nd population) Lo
X
2 electronTemperature double 400.0 ] Electron temperature(lst population) Loy
m. .:a electronTemperature2 double 275000 [e] Electron temperature(2nd population) Ly
(@]

_g o ionDensity double G00000.0 [mn-3] lon density (1st population) Ly
8 = ionDensity2 double 1300000.0 [#/m3] lon density (2nd population) Lo
(/E) @3 ionTemperature double 200.0 ] lon temperature (1st population) Loy
= ionTemperature? double 28000.0 [BW] lon temperature (2nd population) Lo
> P p pop
E ionType String H+ None First ion population L
% ionType2 String H+ Mone Second ion population Lo
pusherThreadib int 4 Mene Murnber of parallel particle pusher Loy

i OMNERA
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Live monitoring

SPIS-GEOQ: /home/juju/Bureau/SpisGeo-5.0.0-betal/ExampleOfNewProject.spis5

File Edit Views Tools Help

HJOBX 9P XD

@ ‘a Instrument list viewer X _ =" A|| Mumber of macro particles X rﬁ Total energy X | 'D
£/ [Filter: Total energy versus Time - |
v Instruments . Y __i"\ \J 160 000 _1
¥ (& Number of macro particles 150 000
%\3—: [ mumber of ions1 Ye 2 ?
2 Number of elecl Ye S
F1 | » & Total energy 130000
- Energy of ionsl ¥@ = 120000
= [ Energy of elecl M@ v 110000 —
£ 100000 ¢ e
‘,‘ = 90000 i
e 2 80000
“ S 7Toooo
E 20 000
_ 'E 50000
40 000
30000
20000
10 000
0
0,00000 0,00001 0,00002 0,00003 0,00004 0,00005 0,00008
Time[s]
B Export |— Energy of ionsl — Energy of elec1|
Log console < [ ST ERG Tl ==
[ (®) Launch simulation ] @ stop simulation
Total duration [s]: 1.0E-4
. {3 Help . [ <] Previous Jl [» Extract data and save project J
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Live monitoring e =

Intermediate 3D outputs

[ Live Monitoring of numerical data

>4

7 “pA0 -0.05 000 005 0.10

File Wiews Tools Help Developer \

+/JEA

(1 Instrument list viewer X == ero o e \ 4 ¥ -t = {

Filter :
Instruments G\l’l
» (i3 average surface potential on nod. .

» (&5 Average surface potential en nod. .
» [ Average surface potential on nod...
» ﬁ Individual currents on node 0
» [E§ Mumber of macro particles
> & Spacecraft average differential p...
» (& Total current on nodes
» [ Total energy
¥ (& Flasma potential sensor
|| Plasma potential sensor_idl e

— oo poreni sonsor @2, New live diagnostic

with interactive data

(position, sampling
rate, etc)

X-Axis

D =

BT 0F A

22-05-/2013

'[Creat'on of new sensors

=

2 [IJM@ [ Export

(] simulation running X

===

| @Stop simulation

Total duration [5] : 5.0ES

SPENVIS meeting, Bruxelles

Pause simulation
(SR-SP-014)
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ReSUItS accuracy Ievel estimation Defalte Monitoring ]

[ N

Interactive live monitoring ]

13
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Post-Processing

. Data miner

- Extensible 2D/3D post-processing
- Various saving/export capabilities (NetCDF, VTK...)

A.O.0.

SPIS-GEO: /Users/juju/Boulot/Projects3/FelixForSpisForT

fdata/Ecli pisS

File Views Tools Help Developer

HOER

4 [ pata mining % =g
"% | » (& pistribution Functions

| Map2D
"' > fﬁ Others

» (&5 Preprocessing
» (5 surface Collected Currents
» (5 Surface Electric Fields
» (5 Surface Emitted Currents
» (5 surface Net Currents
» (5 surface Potentials
» [ Time Series
_| Trajectories
» (i Volume Electric Fields
» & Volume Densities
wl » (& Volumic Number Of Macro Particles
v (& Volume Potentials

IR final_plasma_potential.nc

|| plasma_pot_at_t_=_204.69217_s.nc

| P export || [F ExportAll || A visualize

(] Collected_current_A_versus_time_s_all_populations,_all_ncdes, " ne =

Collected_current_A_versus_time_s_all_populations,_all_nodes,
0,0000

0,0001 {
-0,0002
-0,0003
-0,0004
0,0005
0,0006
-0,0007
-0,0008

-0,0009

0,0010
0 25 50 150 200

| Collected_current_A_versus_time_s_all_populations,_all_nodes, _ |

75 100 125 175 225

(] final_plasma_potential.nc X .
File Edit View Sources Filters Tools Help

=)
]

B 6 4 67 O 45

-3.62e+03

final plasma potential (V).
-4.03e+03 -3.2]e+03

Histogram,

Histogram_(as_a_

Mesh_quality_
0.3)

4500 {

1,00

~
(] Spacecraft_ground_potential_V_versus_time_s_(node_0).nc X Y
Spacecraft_ground_potential_V_versus_time_s_(node_0)

05

2 500
-3 000
-3 500 1}
-4 000
4500

-5 000

0 25 S0 75 100 125 150 175 200 225 250

Mesh_quality_(best

Spacecraft_ground_potential_V_versus_time_s_(node_0)

a)

(] improved_collected_current__on_regular_surf_at_ t =_204.69217_s.nc X -

File Edit View Sources Filters Toals Help

&

HEELrrE

Collectedcurrent at t =204.69217 s (m-2.A)

-8.308-06 -7.19e-06 -6.08e-06 -4.97e-06

-9.41e:08

-=o

Help

P> Next I
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Automatic reporting

- OpenOffice automatic reporting

\mon ) SP_IS-Gﬁ_O:_,‘ _IJ_se;;;ffx_rte_n_l.imj_t_mp_;‘_l_)_ef_au_ItP_r_oject._spis_S
File Views Tools Help Developer

y_l JE[X

exampleAutoReport.odt - LibreOFfice Writer

E -8 % 453 F ¢ edEZ-F a9 @

tl Reporting X .
% | Default v | Helvetica 1 - A 4 A - 3 : Z| [«=] o =‘ v - E -

Report overview :

Introduction and general informations
Filename : /Users/artenum/dev/IME /Felix-4.0.2
Author : artenum

Date : 14.mars.2013 at 16:17:01 A5 Saelein Jeto ot SPE Simulation Auto-report
Software name : 5PIS Geo Kerichwost's sufc-reporting bundio e —
Software version : 5.0.0 Keridwen's sutcrreporing bundie e

Description : This is a SPIS simulation report file.

Project informations

O e [t L P ]

The present auto generated report correspond
ease reload it for further analysis.
Project name: DefaultProject
Project path: /Users/artenum/tmp/DefaultProjé

Study name: DefaultStudy
Study path: /Users/artenum/tmp/DefaultProjec

Run name: Runl -
Run path : fUsers/artenum/tmp/DefaultProject - Fig. 8: final_plasma

3D model informations
3D model geometry
The geometrical model is defined in the followin N . e -
Geometry input file name: cad_sav.geo Fig. 6 Spacrcraft_ground_potrntial_V'_versus_tme._s_(sode_0).pog
Geometry input file path: /Users/artenum/tmp /!

Image : Model geometry

3? mnral mach
-

Ticrame Fig. 9: 5c_pot_at_t_=_2000.0_s.nc pog
ampleActo Report 17 Mar 2013 at
t Author tabree SPIS Geo v5.0.0 1601:10 Tierame:
xarmpieAut oRteport 17Mar 2013 2
1 Ao tarice SPIS Oeo v5.0.0 16:01:10 =
Page2/28 Words: 2135 Defaulkt French (France) - som - 2 ¥ 7%

SPENVIS meeting, Bruxelles, 22-05-/2013

O HERMA




General Modelling Capabilities




SPIS simulation principle

courtesy Stanislas Guillemant
(IRAP, ONERA)

@ ©

Potential on S/C:
-Current balance
-RLC circuit between
S/C elements

Electric field from:
-Particle densities
-Boundary conditions

&)

Interaction with S/C:

Particle Transport: -SEE by electrons
-Space environment -SEE by protons
-Secondaries or -Photo-emission
Sources from S/C -Sources

SPENVIS meeting, Bruxelles, 22-05-/2013
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Matter model

-

Matter dynamics
* PIC, physical masses, phys. and num times
F=gE+gvXxB
* Boltzmann distribution
« Backtracking
« External BC (open or reflection)

4
7
7
.
4
-,
-
-
-

Plasma injection at boundaries
* bi-Maxwellian
» Kappa DF
 User defined (tabulated ASCII files)

-
-

-
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Field model

-

* Dirichlet
* Neumann
* Robin

Poisson Boundary condition

-

Electric Field model
» Conjugate gradient solver for Poisson eq.
« Implicit solver for non-linear Poisson eq.
» SC singularities (thin wires, panels)

Magnetic Field model
 Uniform
 Constant

oB
Maxwell-Faraday VX E

oE
Maxwell-Ampére VX J + 1E, =
Poisson @

-
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Surface interactions and sources

Secondary electron emission

.1 « from electron impact (user defined tabulated yield and DF) |
» from proton impact (user defined DF X
- from photon impact (user defined DF)

Secondary electrons VUV) Sun flux

A

Erosion
l * by Xenon impact
Ambient electrons or Artificial sources
protons » Electron gun ;
* Thrusters ;

__________________
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Surface potentials

=<

* thickness
* capacitance

* bulk, surface, radiation induced conductivity

Dielectric coatings

— 1

[

SC equivalent electrical circuit

* net currents on each SC element = potential evolution
» SC ground - absolute charging

» diel coatings - differential charging

» discrete electrical components (R-C-V)

____________________




Some lllustrations




GEO spacecraft charging

- EADS E3000 spacecraft

sc_pot_(surface-centered)_af_t_=_1252.3573_s.nc(V)
-1.37e+04 -1.16e+04 -9.54e+03 -7.47e+03 -5.40e+03

p

Surface potentials at t = 1250 s

SEE densities (log10) att = 1250 s

log 10_of_improved_photoElec_charge_density__at_t_=_1252.3573_s.nc()
-3.00 -0.0977 2.80 5.71 8.61

SPENVIS meeting, Bruxelles, 22-05-/2013

Impacting photons Impacting electrons

-5.50e+03

-7.62e+03

-9.75e+03

-1.19e+04

-1.40e+04

ESA activity

sc_pol_(surface-cenfered)_at_t_=_1252.3573_s.nc(V)

-1.37e+04 -1.16e+04 -9.54e+03 -7.47e+03 -5.40e+03

Impacting protons



GEO spacecraft charging

- Eclipse exit dynamics

Cover Glass
\ Absolute potentials Differential voltage

[
500 N 3,250 \
1,000 [ (]
-1 [ [
[ 3,000 [
-1,500 [ [
[ 2 [
-2,000 [ 2,750 [
[ [
-2,500 11 2,500 [
[ [
-3,000 : : Sun 2,250 : :
-3,500 [} [}
[ [
-4,000 1 — — 2,000 1
[ [
-4,500 ' o
1A 1,750 [
-5,000 [ [
it 1,500 [
5500 i i
-6,000 — ]! 1,250 .
© 6,500 . '-EE 1,000 N
S oo Eclipse exit — 60s i
! 1 [}
o ! 750 '
o) -7,500 1
< -8,000 A 500 .
N\ 1 [
N 8,500 ] 250 I
y 1 1
3 -9,000 H ; -
— 1 T
2 -9,500 / '] '
2
nEJ o/ 250 500 750 1,000 1,250 1,500 1,750 2,000 o 250 500 750 1,000 1,250 1,500 1,750 2,000
. — Averagejeurface potential of node O (V, 5) — Average suface potential of node 1 (V, 5) — Average differential potential of node 0 (v, s) — Average differential potential of node 1 (v, s)
[®)] X — Average differential potential of node 2 (V, s)
c — Averagg surface potential of node 2 (V, s)
=
[0]
(0]
1S
2]
> S/C ground
L
o
w
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Simulation of an electron emitter

- TAS neutralizer
Heated impregnated cathode
Extractor electrode (anode)

caseI
anode l

lheater(t) cathode

Ibeam

Vheater

Icath

>, 1

SC lanode Vanode = |200 v
ground =

|

V. = OV to -100V
Net electron current
lectron h — _ _ —
© GM I E — I cath I anode I M I beam
ORERA




Simulation of an electron emitter

+1%V -126 V
—Vcath=0V
[\ -~ -Veath = -100 V

50 / \ — -Vecath = -200 V
S 0 - .'"“
Yo, D
-'g 50 S
5 100 VAL =

\ ///

-150 - N T

-200 l

'250 T T T T T

-0,01 0 0,01 0,02 0,03 0,04 0,05

Joglofiemitied electron density (m-3) 150 xm
12.0 14.0 16.0
2 100 N —Vcath=0V
5 / \ ---Vcath = -100 V
t 50 / \ —-Vcath =-200 V
E — " v
‘ > D
j T D
£ 100V e
S o F1BVIAN e
5 R
\ -
N \\l/__ - -

0,01 0,02 0,03 0,04 0,05

- x (m) O MER A
S ————



DEESSE chamber simulation ._{x?::CNES 2ctivity

r

- Experimental setup assessment by
numerical simulation

unb uouo8|g

Faraday cup

:
collector E E €«--——o Y

-
~

a\ Electron g

sample holder

65 mm from the electron gun

—25¢eV

0.9 1 @3- 50 eV

0,8 1 —A—75eV

< 0.7 - —o—100eV
e 0,6 - %+ 1000 eV

e, v‘ #
| / «QAH"
Magnetic'eompensation (:@’I’fg “

Normalized current
o
[6)]
Il

-20 -10 0 10 20

SPENVIS meeting, Bruxelles, 22-05-/2013
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DEESSE chamber simulation

Hole

Electron gun
Collector
—>
Target plate shell
\
—T——

Tank wall

CNES activity

Potential (V)

Electron from gun (m-3, log)




Semi-Transparent Grids

ESA activity

- Aperture not meshed - transparency coefficient Potential (V)

I~ Node 1

<
<

Node O

Trensparency 0.5

Secondary density (#/m3)

ensity (#/m3)

SPENVIS meeting, Bruxelles, 22-05-/2013




Scientific instruments

Advanced method for instruments
« Backtracking instead of forward tracking Based on Liouville’ s theorem
and discretization of DF in phase space

* Increase drastically the precision

* Also for electrons coming from thin wires !!

lllustrated in S.
Guillemant PhD
(ONERA, IRAP) &
ESA activity SPIS
activity

Time of trajectory - Thermal Elec.
7,142584

SPENVIS meeting, Bruxelles, 22-05-/2013

Time of trajectory - Photo (s)

15,02786 15,02787
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Instrument outputs

. Energy DF O
. . 2,50E+06
. Differential flux

2,00E+06
- Angular DF L s06s06
- Origin of particles — 1,00E406
e .. E 5,00E+05

E
S 0,00E+00

4,50E+07
4,00E+07
3,50E+07
3,00E+07
2,50E+07
2,00E+07
1,50E+07
1,00E+07
5,00E+06

0,00E+00

== Energy DF_FG
Environment
\ mmSEE_FG
i mee Photoelectron_FG

Sum

0 1,5 3,555 7,595 11,513,515,517,519,521,523,525,527,529,5

=Fnergy DF_FG
s==FE(E) theo.

Environnement

0 3 711151923273135394347515559636771757983879195

Energy [eV]

Time of trajectory - SEE Core (s)
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Summary

- SPIS has been deeply refactored recently
New Integrated Modelling Environment (IME)
Improved simulation kernel and new models

- Large extension of modelling capabilities

- Better integration into industrial contexts and high interoperability
- Has proven validity for spacecraft surface potential estimations

- Also adapted to ground experiments with low energy particles

- Ready to be extended / interfaced with other tools and physics

- Next steps
Maintenance
Propulsion
Dust
Internal charging (continuation of activities not illustrated here)




