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Introduction and context
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—  Improvement of the performance and usability contamination, liquid ion source models and droplet
— Validation wrt Cluster spacecraft inflight data behavior
— Validation wrt experimental data / application to LISA
R mission
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SPIS-EP Limitations (version 6.0)

Cluster
simulation
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SPIS-EP Limitations (version 6.0)

Thin wires

. Bending booms
Wire approximation
End of booms
Wire as instrument
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SPIS-EP Limitations (version 6.0)

Low noise distributions

. PIC perturbative for environment
. Signal/noise improvement
Performance

Thin wires
. Bending booms

. Wire approximation
. End of booms
. Wire as instrument
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SPIS-EP Limitations (version 6.0)

Low noise distributions

. PIC perturbative for environment
. Signal/noise improvement

. Performance

Thin wires

. Bending booms
. Wire approximation
. End of booms

. Wire as instrument
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SPIS-EP Limitations (version 6.0)

Low noise distributions

. PIC perturbative for environment
. Signal/noise improvement

. Performance

Thin wires

. Bending booms
. Wire approximation
. End of booms

. Wire as instrument

Electro magnetic fields/waves
. Transport EM waves

. Variable B and E

Effect of B and E

Liquid ions sources

d . FEEP and colloids

. ASPOC

. Contamination and effects
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SPIS-EP Limitations (version 6.0)

Thin wires

Bending booms
Wire approximation
End of booms

Wire as instrument

Scientific instruments
Impedance probe

Langmuir probe
Elec. Antenna
Search Coils
Particle detector

Potential/current probes
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d. FEEP and colloids

Low noise distributions

. PIC perturbative for environment
. Signal/noise improvement

. Performance

Electro magnetic fields/waves
. Transport EM waves

. Variable B and E

Effect of B and E

Liquid ions sources

. ASPOC
. Contamination and effects
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Thin wires

* No changes for the definition in Ul
«  Thin wire approximation has been rewritten and improved to allow:

1) Bending booms 2) Wire approximation + mesh refinement

4) End of boom and radius change improvements
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Low noise distributions based on PIC perturbative method

PICPerturbationToAnalyticalVolDistrib: uses perturbative PIC model to correct analytical distributions.

Analytical distributions for ions or electrons (from environment only / not for sources):

- KineticMaxwellBoltzmannVolDistrib: Maxwell Boltzman approximation but with a better modelling of the density and temperature variations as a function of
the potential (temperature computed to conserve total energy in an attractive potential: kT=kT0-qV)

- DriftingMBVolDistrib: an extension of the above for drifting plasma. The geometrical effects due to the drift (e.g. wakes) computed using test particles

Developped by Oriol Jorba Ferro (thesis 2018) to

model Electric field probes for the TARANIS
mission
Now integrated in SPIS and tested with:

- Wire approximation
- Magnetic fields

Useful to simulate cold and dense plasmas
usually modelled with PIC method:

- Solar wind, LEO plasmas, ...

- Decrease the noise / increase the performance

Not an implicit method - Debye length and
plasma frequency have to be solved

Cannot be used for a source at the surface

Full PIC Siifhulation

Perturbative PIC Simulation
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Electromagnetic sources and solver

API modified so that distribution accept the most generic Efield
class as input

New capabilities for generalized EM fields: 4 O} EField + O VofField
- Electric fields resulting from Poisson equation (Electrostatic) 4 G‘J DirEField 4 G{} VectVolField

- Imposed static or variable electric field at the boundary limits ® EMFiEE’ (., DirVectVolField formechamp de convection
or in volume (resulting from the plasma environment) N ‘_ G.J BField

- Static or variable magnetic fields imposed in volume G:—" MUIt'FIEEFIEId ®., DipolarBField
(uniform, dipolar, solenoid) ©, PotEFicld GL.W SolenoidBField
- EM waves imposed in volumes ;

. - ® ., UniformBField
- EM waves resulting from MHD approximation e PotVect.VolFieId

formesimple

forme générale

Solver with generalized Ohm’s law details
- Maxwell equation with implicit electron current
- Assuming inertialess electrons
(1 N v3 viA? ) _(VAB5) ABy A By

- Non-collisionnal plasma " E (1 - expox/a0)) iy +E
. 27 2542(1 — YN : P —— {(+Esv}
—  Can be used to create or transport EM waves in plasma 2 c28x%(1 — exp(0¥/2e)) Hoemn, en,

(
I

at ions and/or plasma acoustic frequency { V.Eyy = Pr
I

. peas &

- Cannot be used to model electron instabilities or waves transport 0
9By =VAE.(1 (=6x/2e)) (1 (—Qce 6t)

at the electron frequency < = VA s.(1—exp )-(1—exp )

Ex
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Magnetic coupling

Improvements for convection field on surfaces

. Test with two metallic spheres:
- connected or not by a resistor.
- Could not be treated before.

Connected now

. EM solver test case:
- Bx=5uT
- Vsc=7500 m/s (y)

. The perturbation of the magnetic field is
consistent with a drapping around the sphere.
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Liquid lon Sources

. FEEP and Colloid Thrusters / also for ASPOC

- Fitting model based on experimental parameters

- Equivalent model for electrospray thruster

«  User can also directly define the mass flow, FEEP model:

current and/or voltage i qo

Q

Particles (ions and droplet)emission velocity : v =

v & Thruster: In-LMIS-2 ¢ -B
|| onsetVoltage = 1000.0 [V] ef 1
|| cathodeEmittedCurrent= 0.0 [A] . <¢OTL )
7| Cathode = FieldEmissionCathode Total emitted current: | = —————
criticalTemperature = 600.0 [K] 1 Z

criticalCurrent = 6.0E-6 [A] I & f(T)
cathodeValtage = 770.0 I Masse fraction of droplet: n = (—) n
@

[ cathodeBeta= 115.0 Ic

impedance = 2500000.0 [ohm]
acceleration_voltage = 5000.0 V] 1.04 1.04 atan(T - 562K)
fry ==~ -

interactorType = FEEP
\ a=1- 2,8

e-Temperature = 5.0 [gV]
For LMIS thruster:

: voltage = 5000.0 [v]
|| e-Model = PICVolDistrib
|| emitterhumber=1.0

|| temperature = 300.0 [K] _

|| efficiencyExponent= 0.93 * ﬁ - 115 O ¢a = 5000 V
[ cathodeWarkFunction = 5.1 [gV] . IC =6.0 MA . ¢ = 1000V
|| cathodeEmitterArea = 2.0E-15 [m2] _ on
|| interactarFlag = 1.0 ¢ Z =25MQ ° ¢e =5000V
|| cathodeEmitterGapDistance = 1.0E-5 [m]

& In+-2

&5 droplet-2
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Contamination modelling

Droplets
% charging %
Droplets —> | Droplets |—>
% bouncing %

@ Droplets

splitting

Evaporation

4
[ Neutrals ]l >

4

lonization
S w
exchange ' >

- %

Surface contamination

Interaction with the

environment

Surface
contamination

Surface
contamination

Surface charging

Surface erosion

Molecular contamination ¢ AT

|
T < Ty — 0.5AT !
T>T,+05/AT !

1
S = {0.5 — (T —Ty) *AT?

0 1
Ty
Droplet bouncing on surface
124 o
o B8 H
STK 2 ol s
S:l—exp(——oz) @G $
y.(1A 5 4 H
ady/ ¢ i
&
04
0 30 60 9% 120 150 180

Water Contact Angle (°)
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Improvement of electric circuit solver

Improvement of the circuit solver performance and stability

Faster computation in most of the cases
Much more stable for all the applications

BUT: some cases are longer to run (previously at the limit of the
stability)

Accept SPICE netlist:

can define models for component, names and put comments
accept time varying | and V generators

includes SPICE’s SIN, PULSE, EXP and PWL (piece wise linear)
allow comments

allow for the definition of models

[Wolt]

-1.8076E0

Average surface potential on nodes

3.6153E0
1.8076E0
OEOD

-3.6153E0
- easy to extend (simple API, based on the plugin philosophy) OEO 1E2
. Included in the NRC test case, run in 4sec., included as a
functional test (test at compilation)
*  Possible to model current generator

—> useful for potential probes
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k3 vV -11.V

1.4461E1
1.2653E1
1.0846E1
9,0382E0
7.2305E0 /
5.4229E0 \/ \/ \/ \/

[l Electrical circuit editor

=@

V230 node 2 and 3 are short-circuited

Wsin 4 5 SIN(10 5 0.01)

*This is a test circuit for non-regression purposes
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Instruments as devices at the Group Editor stage

Possibility to associate an instrument to a spacecraft

element directly in the group editor
- To avoid the two stage definition of instrument support zone +
instrument
- To have pre-defined instrument settings for advanced users

To associate several surfaces to the same instrument
with the « deviceld » property. Usefull for multi sensor
instruments.

To combine instruments

To associate “certain” instruments to wire elements

Predefined instruments:
- Impedance probe
- Langmuir probe
- Elec. Antenna
- Search Coils
- Particle detector
- Potential/current probes

| (] Group editor . -oo

)4 )| w A v

» g8 Mesh Model - Spacecraft Thin element 1D *
» 8 No Actual Instrument Support
v [P EdgeGroup - 1053

» 48 Plasma Population BC - Spacecraft default

» 4 Spacecraft ground (Elechiode-0)

» 4 Default conductivity model - Spacecraft def.

» &8 Electric Field BC - Spacecraft default

» 44 Macroseopic Characteristics - Spacecraft de

» g8 Default - No thin elements

» 48 o source - Spacecraft default

> g8 Toc

» &8 Mesh Model - Spacecraft Thin element 1D

» 48 Mo Actual Instrument Support
¥ [P FaceGroup - 1854

» &8 Plasma population BC: Boundary, default

» A Electric field BC: Boundary, default

» 48 Mesh Model Boundary, default
ol FaceGroup - 1055

nstrument: Langmuir Probe-1
Mo Actual Instrument Support-1
WMesh Model - Spacecraft default-1
Aluminium (2K} material properties
Mo source - Spacecraft default-1
Default - No thin elements-1
Macroscopic Characteristics - Spacecraft de
lectric Field BC - Spacecraft default-1
Default conductivity model - Spacecraft defe
pacecraft ground (Elechode-0)
42 Plasma Population BC - Spaceeraft default-1

¥ [ volumeGroup - 1060

» &8 Plasma Model in Volume, default v
Al J T

& Help |4 Previous || b next |

(] Group viewer -t |
[é‘x
s @ ==
—mwts—rﬁmnw—emms ]I 2
8/C sources and interactars | No source - Spacecraft default (=] i
S/C material | Aluminium (2K) material properties @
S/C mesh properties {Mesh Model - Spacecraft default "JD
Optional Properties
S/C instrument support | No Actual Instrument Support e
Deice property [\nstrumenl‘ Langmuir Probe ‘vJD
> Show sdvanced settings
ok |
v
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Antenna — Radio Recelver

. Electric field sensors defined by setting
the “InteractorType” to “WaveSensor”

Define Min and Max frequencies
Wire instruments
Electric field vs time

L) e a7
"] DeviceEdgeFlag = 1 [-] -
Dl DeviceSurfFlag =1 [-]
Dl DeviceEdgeTypeld = 15 [-]
[ DeviceTypeld = 15 [1]
v ,ﬁ Instrument: Radio Receiver-1
B Component = Antenna
E] InteractorType = RadioReceiver
[ Interactorflag = 1.0
[ deviceld = WAVES
> ,gﬂ Wwire default characteristics-1
» & aluminium (2K) material properties
» A WireElecNode-0

[] Group viewer

Device
— naming

Predefined
instruments

¥
1 EdgeGroup - 3 [z_}
. d Wire Misc DO NOT MODIFY
43 Wire source (deprecated)-2
43 Wire default interactions-2 [] Groups/Properties editor _=# o
> £ wire default potential2 WIS CHaracteristic [Wire cetault characteristic / B .
v ,ﬁ Instrument: Radio Receiver-2
B DeviceEdgeFlag = 1 [-] Device property llnstrumant: Radio Receiver K ‘V]D
B Dev!ceSurfFlag =1H Wire potential lW\re default potential “']D
[} DeviceEdgeTypeld = 16 [-]
[ DeviceTypeld = 16 [] Wire interactions lW\re default interactions "]D
¥ 2 Instrument: Radio Receher-2
E] Component = Antenna
[ InteractorType = RadioReceiver Optional Properties
[ Interactorflag = 1.0
[ deviceld = WAVES Wire sources lW\re source (deprecated) ‘v][j
» 4 wire default characteristics-2 Wire misc properties lW\re Mize DO NOT MODIFY ‘v]@
> .ﬂ Aluminium (2K) material properties J
> .ﬂ WireElechode-02
. E EaceGronn - 1054 v » Show advanced settings
- I R
l & Help J l <] Previous H [ Mext J ik ‘{
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Antenna — Radio Recelver

. Electric field sensors defined by setting
the “InteractorType” to “WaveSensor” — or | ([T Group viewer coo|

—  Define Min and Max frequencies o) e s e

-  Wire instruments  Lipecesdgefiag =1 14
E DeviceSurfFlag =1 [-]
- Electric field vs time % DeviceEdgeTypeld = 15 [] L
DeviceTypeld = 15 [] H . H
v B Inatramont: Fatic Recefver-d / Instrument container: instrument or generic

. E Component = Antenna =

«  Synthetic antennas created by et
nteractorflag = 1.0

i i [ devicelc = waves Measuring Instrument name: may be several (channels
Combl natlon Of antenna > .;eﬁ Wwire default characteristigs-1 g y ( )

» & aluminium (2K) material PNoperties
» A WireElecNode-01

ol EdgeGroup - 1053

. d Wire Misc DO NOT MODIFY

43 Wire source (deprecated)-2

> .;eﬁ Wwire default interactions-2

» £ Wire default potential-2

v .f.:i Instrument: Radio Receiver-2
[ DeviceEdgeFlag = 1 []

.

[l pevicesurfrlag = 1 11 Ddyice naming: same name= same device!
[} DeviceEdgeTypeld = 16 [-] . .
[ DeviceTypeld = 16 (1 Here same receiver, but different antennas

v .g.f;" Instrurment: Radio Receiver-2

|__"| Component = Antenna
|__"| InteractorType = Radigffeceiver
[ Interactorflag = 1.0,
[ deviceld = wavES

» & Wire default characteristics-2

> .d Aluminium (2K) material properties

> .d WireElechode-02

:E FaceGrain - 1054 hd

A — [
l &3 Help J l <] Previous H [ Mext J

EXN
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Electric field sensors defined by setting
the “InteractorType” to “WaveSensor”
- Define Min and Max frequencies

0EO

Antenna — Radio Receiver

5.14076-1 |

- Wire instruments
- Electric field vs time

. Synthetic antennas created by

combination of antenna

. Outputs:
- Frequency Spectra
- Dynamic spectra

a28E0
a75e0
a7E0
26580
3680
35580
3380
24580
3480
33380
EE)
32580
azE0
21580
3180
30580

29580
2580
28580
2880
27580
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27E0

26580

-1.0281E0 |
-1.5422€0
-2.0563€0 |
-25704€0
-3.0844E0
-3.5985E0
-4.1126€0
-4.6267E0
-5.1407E0 |

Curves_Spectra power density Synthetic Channel_3{log.v2.Hz-1,

-5.6548E0
0EO

Map2D_DynSpectrum _¢

hannel 0

Map2D_DynSpectrum_Channel_1.nc

2562 5E-2 75E-2

indiidual curents on spacecraft | Total currents on spacecraft |*5 _ o = Indvidual currents on spacecraft Average surfaca potertialonnodes |*s - ef |
Channel1 Curves Spectra power density Channel_2 STAFF.SA.PSD-EField_4
wer density Synthetic Channel_3 STAFF-SAPSDEField_4
STAFF-SA-PSD-EField_3 - B STAFF-SA-PSD-EField_1 e
#
N -5.6146E-1
S
& -1.1229E0
3 -16844E0
s -2.2458€0
5
2807380 |
£ =
<< | § 3368780
g -3.9302E0
2
@ -4.4917E0
g .
.ﬂ; 5.0531E0
3 5614680
L annels)
OE0  SE2  1E3 1563 263 2563  3E3 3563 4E3
1E3 15E3 2E3 25€3 3E3 35E3 4E3
Hz
e e >y == e e e e 7y - B
Map2D_DynSpectrum_Channel_0.nc Map2D_DynSpectrum_Synthetic_Channel_0-Channel_1.nc
asse0
= 3.75E0 -
- 3.8E0
= - —_
- a7se0
=1 aET 1 365€0 wn
el 3.65E0 7581 36E0 RS
- a0 2 25350 -
L 3.55E0 e 350 Az
e 35E0 e 245E0
L7z 34580 17 3480
- 3.4E0 =0 33560 s
= 3.35E0 -22se0 33E0 =
e 3.3E0 bl 3.25E0 o
s 325€0 — 2260 2
o = 21560 e
e 31560
azsen 3.1E0 =
o 31E0
arsen A= 2.05E0 Az
ao0se0
- A 3E0 s
a0
e 295E0 2EE aren
= 29E0 e EEEE =
= 28560 = 28580 e
= 28E0 e 2.BE0 .
= 275E0 = 2.75E0
= 27E0Q e 2.7E0
e 2.65E0 s 26560 =
- 26E0 s7sEa azmed
0ED 2562 SE-2 7.5E-2 1E-1 E-1
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Particle detector

Single and multi-channel particle
detector as a device

- lon Particle Detector: that’'s detect the ions1

and ions2 popullations
- Electron Particle Detector: that's detect

elecl, elect2, photoElec and secondaryElec

|| DeviceSurfFlag =1 []
[ DevieeTypeld = 18 [
v & Instrument: Electrons Particle Detector-1
[} component= ParticleDstector
[ interactorType = ParticleDetector
[ interactorFlag = 1.0
[ deviesld =
¥ & PhotoElec Ghannel-1
[ instrument_EnergySlice = 1.0 [e¥]

[ instrument_OcTreeHeuristic_normal_X=1.0

[ instrumentEmin = 0.0 [e¥]

[ instrument_NbPartiax = 100000

[ instrument_0cTreeHeuristic_powerFactorDispersion = 1

[ instrument_ocTreeHeuristic_powerFactorvalue = 1

[ instrument_AcceptanceAngle_Beta = 31415927

|1 instrument_0cTreeHeuristic_powerMomentvalue = 1

[ instrument_mode = 0

[ instrument_UserinteractiveMade = 0

| instrument_ouiBasisvect! _Z=0.0

[ instrument_outBasisvect2_y=1.0
[ instrumentTrajns = 0

[ instrument_OutBasisvect2_Z = 0.0
[ instrument_outBasisvectl_X=1.0

[ instrument_outBasisvect! _Y=0.0

| instrument_ouiBasisVect2_X = 0.0

[ instrument_OcTreeHeurlstic_usehormal = 0

[ channel = photoElze

[ instrumentEintervallib = 100

[ instrument_AcceptanceAngle_Alpha = 31415927
[ instrument_NbOctreeMax = 10000

[ instrumentPap = photoElec

[ instrumentEmax = 25.0 [£V]

[ instrument_0cTreeHeuristic_normal_Z = 0.0

[ instrument_0cTreeHeuristic_normal_Y = 0.0

» g SEEE Channel-

(] Group editor =
nOnonnNo
v [P FaceGroup - 94 -

-«

-«

L4 .ﬂ Plasma population BC: Boundary, default-1
> d Electric figld BC: Boundary, default-1
4 d Mesh Model Boundary, default-1

P FaceGroup- 95

» g ElecNode-00 (Spacecrat around)

4 d ITO coating material properties

4 d Mo device - Spacecraft default-1

L4 .ﬂ Spacecraft default interactions-1

» g Spacecraft default characteristics-1
» g Spacecraft defalt potentia-1

» & No Instrument Support-1

» g surface source (deprecate)-1

> d SIC Misc DO MOT MODIFY

ot
> .ﬂEIecNude-UO (Spacecraft ground) /
» g ITO used for verification test

» 8 Instrument: Electrans Particle Detector-1
» g Spacecraft default interactions-1

» g Spacecraft defalt sharacteristics-1
» g8 Spacecraft defalt potentia-1

4 d Mo Instrument Support-1

L4 .ﬂ Surface source (deprecated)-1

> d SIC Misc DO NOT MODIFY

I volumeGraup - 100

» d Plasma Model in Volume, default-1
» g Plasma material properties_Valume
4 d WMesh Model Volume, default-1

. VerexGroup -
M

. EdgeGroup - 6
-

l @He\p J

l Q Previous Jl P Mext J

(] Group viewer

xDevice

Predefined

f@ 0 labeuew aujadid ™y

v Properties

pa

Surface electrical ground node
SIC material

Device property

Surface interactions

Surface characteristics
Surface potential

Surface instrument support

Optional Properties

lEIecNudernﬂ (Spacecraft ground)

lITO used for verification test

Instrument: Electrons Particle Detgfor

Instrument: Current Probe

Instrument: Electrons Particle Detector
Instrument: lons Particle Detector
Instrument: Langmuir Probe

Instrument: Magnetometer

Instrument: Particle Detector

Instrument: Potential Frobe

Instrument: STAFF-SA-PSD-Elec-A_Band

Instrumenis-

T

» 48 Data deseription-1
» &8 Elect Channgl-1

REPUBLIQUE > & Spacecraft defaul interactions-1
FRANCAISE » g8 Spacecraft default characteristics-1
igbirt{ » A Spacecraft default potential-1

it

Fraternité

> &8 No Instrument Support-1

SPINE Meeting 2021 — Focus on physical modelling and usability improvements of SPIS — P. Sarrailh

20



Particle detector

. Electric field sensors defined by setting . ..o e

ANE A

the “InteractorType” to “WaveSensor” . S e T |
- Define Min and Max frequencies I - "
- Wire instruments al: = 2 e -
—  Electric field vs time R . 2
Q’ Configure Instrument: ParticleDetector 0, id: 0 Gl
- - . | |
. Create a multichannel PD in the live A ,
- - 0o 3] L]
monitoring ; : ! (o
0 2] i
) b
. ape . . . . 00 (8]
. Possibility to visualize the fields of view :
e : :
z el ! a : L B
0. £ 8 | channsl2_sscondElec Tras fomel.. int 10000 H [ - e
condElac Trus fiom el it 10a000 H [ Jacroll_@ clom conesia |
b : ] _ )
IR 2021 ioame-2a 2337

EXN
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Particle detector

. Electric field sensors defined by setting . ..o e

“ ” “ ] ANEA
[y [ e (PR p—— P — catrorton acqacceran | 71 AW rmarta o matRRrE N I
the |nteraCt0rType to Wavesensor r|mime£) | f6E) | futheta,phi) | fitime.E) | ) [ fz(t\me‘El)W ! “ﬂzl) TJ(theta.ph\)l [ e, x| tnats,pho |l time,e) | 2etheta,ph | atime.e) | !
i i i g Differential Flux V Ti e Fr—

—  Define Min and Max frequencies \ ase0 eree T Torews T e I Initial Energy Distribution
- Wireinstruments H 7503280
1 Y H 1 2.5E0 6.7529E0
—  Electric field vs time ¢ _ soouseo
1 % 5252260

. . . : § 1980 E 4.5019E0 u
. Create a multichannel PD in the live
. . 5E-1 £ 300130
monitoring - & oo
-5E-1 £y 1.5006E0
- 7.5032E-1
10 -
oy . . . . - 0E0
. Possibility to visualize the fields of view - O 10 20
o ysrd Tt o i ; i
L ommmmmme = "] ——.
Angular Differential Flux Angular Differential Flux

. All the results for all individual channel
+ concatenated results for all the
channels

zzzzz
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Particle detector

. Electric field sensors defined by setting the
“InteractorType” to “WaveSensor”
- Define Min and Max frequencies
- Wire instruments
- Electric field vs time

. Create a multichannel PD in the live
monitoring

. Possibility to visualize the fields of view

. All the results for all individual channel +
concatenated results for all the channels

. Update of the OcTree algorithm and the
OcTree splitting heuristic

. Possibility for advance user to add by default
multichannel instrument in the SPIS catalog

Define a velocity
calculation domain

!

Init the OcTree using

the pl of the pusher

|

Inject a list of
Part. (Nbr part/OT)

| Vzvz

¥

Backtrack the part.

¥

List of part with
provenance info

v

| Update and refine

Cost function written as:
COST ~ fa x (v.n)@ x <f>3 dv, dv, dv,

Or: COST ~ fa& x va2 x <> dy, dv, dv

z

With:

) distribution value f(v,vy,V,)

o moment value v.n or v

. dispersion value <f(v,,v,,v,)>

And power factor:

Interesting zones i . distribution value power factor al
l . moment value power factor a2
P . .
Outputs Vx . dispersion value power factor a3
Configure Instrument: ParticleDetector_0, id: 0 X
Instrument Name: ParticleDetector_0 View in 3D \
Mandatary parameters T Optional Daramelers}
Name & Type | Deseription
instrument_OcTreeHeuristic_normal_X float User define surface normal for the OcTree heuristic (default 1.0
instrument_OcTreeHeuristic_normal_Y float User define surface normal for the OcTree heuristic (default 0.0

instrument_OcTreeHeuristic_normal_z

REPUBLIQUE ONERA

FRANCAISE
T THE FRENCH AEROSPACE LAB

instrument_UseLogSeale_Energy

instrument_UseLogSeals_Valug

instrumentSupportid

float

int

User defing surface normal for the Ot Tree heuristic (default 0.0

Power law on the dispersion value forthe OcTree heuristic (default 1.0

Power law dependance ofthe Octree value (default 1.0

Power law dependance ofthe Octres momentvalue - 1 equal the simple integral (de.
Use surface narmal for the OcTree heuristic (default; 0= Mo, 1 = Detector basis, 2=
Use log scale for energy scales in outputs (default: 0= Linear, 1 = Log

Use Ing seale for value stales (fand J) in outputs (default: 0= Linear, 1 = Log 23

supportindex of a particle detector on the spacecraft



Langmuir probe

(] Group editor =
nOnonnNo
v [P FaceGroup - 94 -

L4 .ﬂ Plasma population BC: Boundary, default-1
> d Electric figld BC: Boundary, default-1
4 A Mesh Model Boundary, default-1
v [ FaceGroup - 95
» g ElecNode-00 (Spacecrat around)
4 d ITO coating material properties
4 d Mo device - Spacecraft default-1
L4 .ﬂ Spacecraft default interactions-1
» g Spacecraft default characteristics-1
» g Spacecraft defalt potentia-1
» & No Instrument Support-1
» g surface source (deprecate)-1
> d SIC Misc DO MOT MODIFY

» 8 Instrument: Electrans Particle Detector-1
» g Spacecraft default interactions-1
» g Spacecraft defalt sharacteristics-1
» g8 Spacecraft defalt potentia-1
4 d Mo Instrument Support-1
L4 .ﬂ Surface source (deprecated)-1
> d SIC Misc DO NOT MODIFY

v [ volumeGraup - 100
» d Plasma Model in Volume, default-1
» g Plasma material properties_Valume
4 d WMesh Model Volume, default-1

ot
> .ﬂEIecNude-UO (Spacecraft ground) /
» g ITO used for verification test

. VerexGroup -
M

. EdgeGroup - 6
-

l @He\p J l Q Previous Jl P Mext J

(] Group viewer

xDevice

Predefined

f@ 0 labeuew aujadid ™y

v Properties

pa

Instrumenis-

Surface electrical ground node
SIC material

Device property

Surface interactions

Surface characteristics
Surface potential

Surface instrument support

Optional Properties

/

lEIecNudernﬂ (Spacecraft ground)

/ Bl

lITO used for verification test |V]@
Instrument: Electrons Particle Detgefor Ml (]
Instrument: Current Probe q 0
Instrument: Electrons Particle Detector

Instrument: lons Particle Detector g
Instrument: Langmuir Probe 0
Instrument: Magnetometer

Instrument: Particle Detector 8|
Instrument: Potential Frobe

Instrument: STAFF-8A-PSD-Elec-A_Band

Single and multi-channel particle
detector as a device
- Single channel Langmuir probe by defaults
- Easy to add channel
- Improvement of IV Sweep
[ $ ]
e ONERA

Fraternité
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Langmuir probe

Single and multi-channel particle
detector as a device

Single channel Langmuir probe by defaults
Easy to add channel

Improvement of IV Sweep

Create a multichannel PD in the live
monitoring

Possibility to visualize the fields of view

ArpDEeaD

16O

- of o3| | simutation conf

1 4] View inst

-0

AP 202110800823 44:3)

Fier: 10580
Insinmants LI €0
» (i simulation cantral 9 5E1
» () ncivicuial eurrenta on apaceeran v
» [ Sutace patental 9E-1 7
» (3 Mat current on spacacran —
v (@ LangmuisProbs o ¥ FaceGroupictor-96
i BE-14] 4
T V) Instrumentyiew
InsirumentHame:  LangmuirFiobe_0
Mandatory parameters | Optonal parameters |
Hama 4 Twe | Value Unit
Channel_2_jons1_instrumentPop String lonst H
Insirument_AcceptanceAngse_Apha  flaat 15707964 (]
insirument_AcceptanceAngie_Beta  flaat 15707964 (]
instrrment_DelayBetweanStaps float 5 0E-6 sl
insirument_Elschode i 0 (]
Instrument_EneraySiice. float. 10 (0]
Insirument_finaigias foat 100 ™
Insirument_inaisias foat 100 ™
Instrument_LocalBasis_phi foat 31415927 (]
instrumant_LocalBasis_mota foat 0101036356 (] 2
| instrument_Moda it 0 H ‘;’;
% || | mstument tboctraeMar int 10000 H v F1 91 asE1 1E0 116
S | Instument_HbParax n 100000 ]
| ﬂ il
Insirument_N(OfSteps n 7 (] -
Insirurment_OriginOLBasis_X oat -22526007E-8 i ciove ) 3w scron_@ ciaarconse
Insirurment_OriginOuiBasis_¥ foat 7 5804678 ] ETATEAR BT BT BT v i L
i
3
By ok | | cancal
D 20210608.234335 N STC amibuled lo VolMash
D 20210808.234330  (Computing davices aus (I any)
. . adding avis for surtace n°0.0 of valug (xy2dedy 08 2 281 21 BOBSTO30007E-8, 7554776837347 761 E-5, 0 930508787 0810573, 0 03682525606624023, 0.052208705 24863061
- - [P 2021608234330 dargaa3a0511158]
LR A Provious || B Eactdata poled g 20210608-234338  DONE
D 202106008-23.4410  Cant 1930 oig haidwen cad mash.highRa solulion’ he default resalution i85 0
v

Can 1930 big keridwan cad mesh highRe solution’ the default resolulion is 5.0

EX
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Langmuir probe

- . . Langmuir probe ¢34 | (] Langmuir probe id35 Langmuir probe id36 | Langmuir probe id37 | Individual eurrents on node 3| ™, -
Single and multi-channel particle et e JOE g proe 5 | Langrr s =
detector as a device » [F—~ Langmuir_probe id35 1 el - EE
i H g | 7.3848E-10 'ﬁcucv%)angmmgpr;abswsdjil s @- x
- Single channel Langmuir probe by defaults g e I, :tanémwimze‘Z:::?ium;um:eg;” %3
- Easy to add channel E S AT T) A B R S 2 T
—  Improvement of IV Sweep e
o |- an 2 4.1026E-10
[ E 3.2821E-10 Lij
® Instrument Name:  Langmuirrc L%‘ 2 4616E-10
Create a multichannel PD in the live o I T [
itori e ]
monltorlng ey ey — 00 I —
-8.2053E-11
SE-1 -2 5E-1 0EO 2.5E-1 5E-1
'
1 HH 1 1 H H R an uir probe id werage surface potential on nodes otal currents on spacecra ”; -
Possibility to visualize the fields of view el - - SO R L
Instrument_Finalgias float [E) [ ctheta,phi [ 1ntime £) [ #E) | fittheta,phi) | fa(tme,E) | f2(theta,phi | faime.) |
:::::::::: 'L"::‘::‘::U‘" :::: Energy Distribution Function Versus Time
IBasis_meta float 1E1 =
All the results for all individual channel =] | . EERTIRTRE
- e .n: E - = —
+ concatenated results for all the e - = T
channels insrrvan_ OnginouBssis Y tea 0 -
i sk g2
4E0 % e
oy g 3E0 : E-6. 0.9305087676810873, .0 03062525600624023, 0.052206705 24863061
Possibility for advance user to add by ET LTy Y
default multichannel instrument in the ii
OEgEo 2 5E-4 5E-4 7.5E-4 =
SPIS catalog
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Conclusions

Numbers of new developments and improvements coming from these projects:

Contributions proposed to be released in the 6.1.0 version (by July 2021 hopefully)

Add of unitary tests for new functionalities and for some older + 9 new verifications tests added
Non-Regression-Cases coming from previous project successfully passed

Validation campaign for the new developed functionalities performed in the two projects related

«  Effort to merge into one User Manual

Advantages - all the information in one document/ no more distributed in different documentation related to different projects

Drawback - huge document ! / for some cases the information are dispersed over the whole document / we try to reduce the length
by suppressing deprecated functionalities (loss of information)

*  Onera contributions to clean the code, memory usage and multi-threading management

*  Most of the functionalities interoperate in SPIS but cross tests done on the most frequent or priority
applications:

Too large field of application (GEO and LEO charging, EP, ESD, Dusts, Internal charging, scientific instruments, ...) to have a
complete matrix of tests

Need for contributions from the SPINE members and the SPIS user community to verify (feedback even with criticism are welcomed)
Hope for a new dynamic with the new website or other initiative to improve the contribution from community
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