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Overview: Dynasim

A7 DynaSim combines

& Commericially available IGUN [1,2] ion trajectory code
& |OM-developed FLOOD neutral flow module

A& Characteristics

& 2D approach assuming axis symmetry
& Single ion extraction channel, apertures in polygon coordinates

& IGUN includes self-consistent model for plasma sheath and space
charge simulation

& FLOOD neutral expansion in molecular flow regime, diffusive
reflection

& Sputter database including IOM measured data, various materials
may be apllied (molybdenum, graphite, titanium,...)

& Comprehensive set of input parameters can be specified
(flows, grid and particle temperatures, background pressure...)

& Erosion modelling of screen, accelerator and deccelerator grids

[1] Becker, Review of Scientific Instruments 67 (1996) 1132
[2] Becker and Herrmannsfeldt, Review of Scientific Instruments 63 (1992) 2756
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Overview: Dynasim

A IGUN

& Computes primary ion trajectories

& Computes secondary ion(charge exchange) trajectories

20

A FLOOD

& Computes neutral density flow

& Computes starting points of charge exchange trajectories

& Erosion computation based on sputter yields for trajectories impinging aperture surfaces
& Generation of new grid aperture polygon for next time step

el |
mu}{ ) l.\ |‘

40 50 B0 100 120 140 160 180

200

40 60 80 100 120 140 160 180

200

neutral density [rel u.]

0871

08

0411 |

0zt
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6

[Mission Scenario] Erosiontime =25 h

______ Screen Accelerator

r (hidden units)

dDstr

P
N [ dMax dUpstr

(hidden units)

0,0
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Overview: Dynasim [Vaiidation]

Several validation approaches for Dynasim have been
carried out in the past:

A72800h accelerated wear test

& Use of ISQ40RF ion source under , accelerated” erosion
conditions

& Three grid system

& Inspections each 200-500h using light microscopy and a high
precision microbalance

& Radial variation based on plasma density estimation

accel hole diameter [mm]

A720000h RIT-10 ARTEMIS lifetime test
& Life test performed by EADS ST
& Two grid system
& Precise mechanical hole measurement at three times
& Radial variation based on plasma density estimation

Normalised accelerator hole diameter [rel.u.]

[3] Tartz, Hartmann and Neumann, Review of Scientific Instruments 79 (2008) 020000
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Overview: Dynasim [Validatioh]

T X T I T T ¥ T 4 T Y T

. o . : osition on
Several validation approaches for Dynasim have been ol | -
carried out in the past: | o0
E L | r=50 mm
E |
% 1,30
A#73000h RIT-22 endurance test g
# Life test performed by EADS ST § o
& Two grid system ® 126 j P—

r=100 mm

& Inspections starting at 1500h, then every 500h using optical |

imaging : .
. . . . . . 500 1000 1500 2000 2500 3000
& Radial variation based on plasma density estimation at four operation time [h]
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3 130 |
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operation time [h]

[3] Tartz, Hartmann and Neumann, Review of Scientific Instruments 79 (2008) 020000
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Extending Dynasim Capabilities

A& New Dynasim Package (Scilab)
DynasimZMissionZ.sce
allows for adjusting parameters with
each timestep

& Screen grid voltage

& Accelerator grid voltage
& Beamlet current

& Mass utilization efficiency

& Others can easiliy be added if required
(e.g. facility background pressure)

& Simulation timesteps can be
appropriately set and altered

A& Extended routines for data analysis
have been programmed

DynaSim2Mission ab\DynaSim2\DynaSim2Mission o ab 0
Datei Bearbeiten Format Optionen  Window Anwendsn 7 Datei Editieren Steuerung  Anwendungen 7
=l ) I o -,
CERE® & 6 400 L DB /@ |ZE A0 % &8 &
DynaSim2Mission2 sce (E\ScilabiDynaSimZ\Dynasim2Mission2 sce) - Scibotes Datei-Browser ?AX e arichlen-Broveser ?RX
DynaSimziissionz. sce ‘ \ArianaGmuu\Missmn\JF v Warnung: definiere Funktion neu: repairlnFile Name | Walue  Typ Wisib...
TEWIERC = dLITEXL; ame patve. . Bl |Zeiche...| local A
4 for il = 1:sizejallText,”r") % Warnung: definiere Funktion neu: setParamValue inBasis...| 128x1|Zeiche...|  local
~ "
5 if strstr(convstriallText(il), u"|,suchText) -= " then 1= ';17 = newhl... 1x1 Ze!chem local
6 stl = tokens(allText {il),".") ; Warnung: definiere Funktion new: setPotValue namel Lt Zeiche...|  local —
. for 12-1:2ize (stl,"r") [ = prote nAtest | 128¢1 |Zeiche,.,| local
; : - [ srpro_tst resGe., | 7676x1 Zeiche, | local
g if stratriconvscr(sel(iZ),"u"),suchText) = then [] fart.16 Starte DynaSimZ - Missionsprofil ot Lol Zeiche oual
9 stl{iz] = suchText + potVec(l); [ | gpneuace.dat In Basisverzeichnis : F:\ESA_LifetimeEvaluation)test)a = exl|Zeiche..| local
10 for 13:2_6 . [ | apreudec.dat Missionsdatei F:\E3i LifetimeEvaluation\testhadkiim et anzRe. .. 19| Double|  local
1l stl{iz+i3-1) = potVec(i3) || ass0in Starte die dynsmsiche Simulation fir Missionsprofil pfadl 121|Zeiche...|  local
12 end [ uss00.n GesInName = GS50 extl 1x1[Zeiche...[ local ¥
1a et D §s500000Lin Starte Missionsschritt 1 Befehls-Historie ? 7 X
I end D 5000001l eue Werte gesetzt i
15 // Tusammensetzen der Ieile mit newem Wert [~ uss000001_.ges o { - DLj04/2018 10:49-21 =i ~
_ B 7] gssono001__sec Potenziale : -453, 1453, 0.0, 0.0, 0.0, 0.0, 04/04/2018 07:37:24  )f
15 mewText (i1 = stl{l) + ", ": g — DEFIL : 180 11/04}2016 15:24:51 |}
P For 12-7:size (stl, ") [ gs5000001__svp : ) {04/2016 11:07:31 -~ Jf
18 newText {ilj = newlext{il} + stl(iZ) + ", " [ assocoot__t UTILISATION @ 70.5 1 - 25/082016 1111838 - Jf
19 end [ asso00001 sec.cpl EROSIONSZEIT : 100 25/09/2016 12:56:40 - )
e end [ gsS000001_an dat cale erosion t = 0 b 27/09/2016 10:48:24 - Jf
[ gs5000001_br.dat " R 26/09/2018 Lhi14id9 - )f
a coel-Polygon repariert, 17 Eintrage geandert . _
i - [ gsS000001_c2.dat ’ 04/10/2016 13:48:01 - Jj
22 |endfunction = . b 10/10/2016 11:55:46 - |{
112 - [12/2016 10:47:29 - |}
e . . 12j01/2017 11:23:27 - |}
113|princf ("irarce -Dynasiing - -Mizsionsprofilin®) . ; B
[[] Graf-/Kleinschreibung beachten [~ 00
< ¥ i
114 ef] - 15I0A/A018 15:50:34 - Jf b
:0 ///"%

TRAJECTORY 14 of 50, cycle

IGON-7.012 (C)R.Becker - RUN 12/12/19*001, file=IGUN.IN
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Extending Dynasim Capabilities

A& New Dynasim Package (Scilab)
DynasimZ2MissionZ2.sce
allows for adjusting parameters with
each timestep

& Screen grid voltage

& Accelerator grid voltage
& Beamlet current

& Mass utilization efficiency

& Others can easiliy be added if required
(e.g. facility background pressure)

& Simulation timesteps can be
appropriately set and altered

A& Extended routines for data analysis
have been programmed

uu

Screen grid voltage W variable
Accelerator grid voltage W variable
Decelerator grid voltage W constant
Beamlet current pa hole variable
Mass efficieny Y variable
Background chamber pressure Pa constant
Screen grid temperature K constanmt
Accelerator grid temperature K constant
Decelerator grid temperature K constant
Electron temperature (discharge) eV constant
lon temperature (discharge) eV constant
Meutral temperature (discharge) K constant
Initial screen grid radius mim WY
Screen grid thickness mim N/A
Initial accelerator grid radius mim WY
Accelerator grid thickness mim N/A
Initial decelerator grid radius mim WY
Decelerator grid thickness mim N/A
Screen-accelerator grid spacing mim N/A
Accelerator-decelerator grid spacing |mm N/A

ESA contract no. 4000127019/19/NL/RA/va
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Simulation preparation

. . Simulation parameter unit SNO03 SNo04
lnpUt file generatlon Screen grid voltage \Y 10007 1400*
Accelerator grid voltage V -160° -180°
Beamlet current (A /hole  79.2¢ 134.1¢
. . Mass efhiciency % 36.87 52.2¢
’InpUt variables based on TPS |Og files Screen grid temperature deg C 150 150
of SNO3/SNO4 thruster tests Accelerator grid temperature deg C 100 100
N Only small number of Changes in Flectron t.emperatu‘re (discharge) e‘.f: 4.5 as SNO3
. . . on temperature (discharge) eV 0.03 as SNO3
Operatlon conditions applled Neutral temperature (discharge) deg C set to screen  as SN0O3
.. : : : grid temp.
& Initial grld hole geometry identical for Initial screen grid radius mim 0.950 as SNO3
both thrusters Screen grid thickness mm 0.250 as SNO3
Initial accelerator grid radius mm 0.625 as SN0O3
’Timestep 4h’ accumu|ating to 628 Accelerator grid thickness mm 1.000 as SN03
Sereen-accelerator grid gap mm 0.500 0.550

simulation steps

@ variable with every timestep, see Listing 1

A& Electron temperature based on PPA

TPS 1 / SN 03 TPS 2 / SN 04
measurements time Uscr Uace Ibl etaM step time Uscr Uace Ibl etaM step
0 1000 —160 79.2 36.8 4 0 1400 —180 134.1 52.2 4
’FaC|||ty pressure setto measured 4 1000 —160 79.2 36.8 4 8 1400 —180 134.1 52.2 4
T . 20 1000 —160 79.2 36.8 4 30 1400 —180 134.1 52.2 4
Values’ bUt turn.s outto be ngllglble In 36 1000 —160 79.2 36.8 4 54 1400 —180 134.1 52.2 4
current S|mUIat|OnS 60 1000 —160 79.2 36.8 4 76 1400 —180 134.1 52.2 4
83 1000 —160 79.2 36.8 4 100 1400 —180 134.1 52.2 4
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A& Grid hole diameter definitions
& Maximum hole radius is the maximum over

the grid thickness, neglecting an
upstream/downstream layer of 10%

& Upstream radius is the minimum radius in
the 10% upstream region

r (mm)

& Downstream radius is the minimum radius
in the 10% downstream region

A& Which grid holes are simulated?

& Extracted beamlet currents may differ over

the grid radius due to non-constant plasma
density distribution

A& Resulting different hole erosion across the
grid

& Common approach:

& Quadratic plasma density distribution

& ,Average” beamlet current extracted
at r = R/\2, here Ref. 12/109

Simulation preparation

Screen Accel
A

rupstr
= minimum radius

within upstream
region

upstream and downstream region
‘ff;/defined as a layer 5-10 %

of grid thickness

/ Grid profile at simulation time

************* et s

Max Tdownstr

= minimum radius within
downstream region
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Summary of Simulation Results |

0.75 [

Axially resolved temporal erosion along the
accelerator grid hole channel

A& Erosion moves forward smoothly for both
thrusters/operation conditions

A7 Erosion rates for the higher-current operation
condition (SNO4) exceeds lower current operation
(SNO3)

& Simulated erosion concentrates on the
,downstream-handed” half of the accelerator grid
channel

A& As it is observed in other simulations with
comparable operation conditions, a ,tongue”
remains on the downstream side over the
complete simulation period

Radius (mm)

Radius (mm)

0.65 |

055 |

05 L

0.75 [

0.65 |

055 |

051
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Summary of Simulation Results |

[SNO4_TPS2] Erosiontime =4 h

Screen Accelerator

Axially resolved temporal erosion along the
accelerator grid hole channel

A& Erosion moves forward smoothly for both
thrusters/operation conditions

A7 Erosion rates for the higher-current operation
condition (SNO4) exceeds lower current operation
(SNO3)

& Simulated erosion concentrates on the
,downstream-handed” half of the accelerator grid
channel

A& As it is observed in other simulations with
comparable operation conditions, a ,tongue”
remains on the downstream side over the
complete simulation period

Radius (mm)

0.75 [

0.7

0.65

0.6

0.55

051
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Summary of Simulation Results !

Temporal evolution of the maximum
erosion radius: Main results after 2500h

& Comparison to tactile measurements by
ArianeGroup GmbH

A& Radii of maximum erosion in reasonable
agreement, change of radius
& Underestimated by 38% for SNO3
& Overestimated by 24% for SNO4

& Simulation shows no noteworthy
upstream erosion

& Underestimation of the totally eroded

material for both simulations SNO3/SN04

Grid hole diameter (mm)

Grid hole diameter (mm)

1.4

1.35

13}

L [——— SNO3 Sim d,pgy

SNO3 Sim d

SNO3 Sim dioar"
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] SNO03 TM Ref Center

1.25 |=

1.4

1.35 |

13}
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Summary of Simulation Results llI

Comparison of eroded grid hole channel 075 < SNO3TM RefHole 4
i i ; SN03 TM Ref Hole 23
profiles to tactile measurements 07| 1| o SNO3TM Rof Holo2a
| £ ol S o o
- ] + nter
& Good agreement of the erosion shape, but E ossf 11+ SNosTM R e Ts
# Moderate axial shift of the maximum radius 3 sl ] §§§§ iﬁ EZE Egiz §S
position (~20% of the grid thickness) g o f " SNo3TM nefHole 109
# Predicted eroded mass significantly lower for 055 | . simulation
SNO3 i ]
) ) ) 05 [ ! . | ‘ ! . | . ! ‘ |
A& Numerous variations of input parameters ° 0z 04 06 08 T
e e e . Axial distance (mm)
(sensitivity study) do not change the main
0.75
[ X SNO4 TM Ref Hole 4
resuls | - EENESL
. . 07 kb 1 ef Hole
[ L] SNO04 TM Ref Hole 35
47 Main cconclusions from parameter ~ : S EgI gglg 35
variations: E oes 1] . gN84 ™ ot enter
& Increasing the electron temperature would lead E os b ] SNSi ™ Eg Eglg gg
to flatter erosion profiles, but not substantially ¢ - SNO4 TM Ref Hole 109
increase total eroded mass 055 [ ; simulation
& Increasing the beamlet current would shift the i i

maximum to the upstream side, and also 05t

: 0 0.2 04 0.6 0.8 1
increase the eroded mass

Axial distance (mm)
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Summary of Simulation Results IV

More detailed view on the origin of CEX ion
trajectories:

A Erosion is predominantly triggered by CEX ions
from the inter-grid region (red trajectories)

& ,Plume” CEX ions (blue trajectories) impinge
nearly along the complete length channel axis,
but corresponding CEX currents are too small

180 200 220

SNO03 TM Ref Hole 4
SNO03 TM Ref Hole 12
SNO03 TM Ref Hole 23
SNO03 TM Ref Hole 35
SNO03 TM Ref Hole 48
SNO03 TM Ref Center
SNO03 TM Ref Hole 73
SNO3 TM Ref Hole 86
SNO03 TM Ref Hole 98
SNO03 TM Ref Hole 109
SNO3 TM Ref Hole 117
simulation

to cause significant erosion 10 60 80

A" No reasonable thruster operation conditions 075 |
could be identified that would generate an .
,radial shift” of the channel erosion profile o
= :
o . . E 085)
A This kind of discrepancy not observed in 2 :
simulations with larger beamlet currents g
and/or mass efficiencies: 055 |

& For SNO3-like operation conditions, further 05t 6 ' 0‘2 '

investigations needed
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Thank you for your attention

ESA contract no. 4000127019/19/NL/RA/va 15 | M



Back-up

A& Back-up material: Additional simulations, parameter variations
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Back-up

A& Back-up material: Additional simulations, parameter variations
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Back-up

A& Back-up material: Additional simulations, parameter variations
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