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Three vacuum chambers with independet@&SE, ¥ SE and pumping systems: A Micro-thrust torsionalbalance

A MSL:VC1 has a 2200 Ligrbomolecularpump. Base pressure <S&nbar A V@ and V@G used for discharge
A MSL:VC2has a8600L/s STP pumgg oil free. Base pressure1E7 mbar cathodesandneutralisers
A MSL-VC3has a 2200 L/s STRImp ¢ oil free. Base pressure <5E mbar

A V@ and V@ suitable for small RF
lon thruster andring cuspdischarge
chamberdgesting

A RGA(0-200 amu) used to analyse
the vacuumcontent

A Plasma diagnostics (Langmuir

probe)
A Mechanicalworkshop for small in-
housejob
MSLVC1 MSLVC3 MSLVC2
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Ring Cusp Discharge Chamber

Requirements and P+sizing

RCDC Target Performances Presizing
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BeamCurrent 1c4 A TargetCurrent Density 6 mA/cn?
lon Production Cost X mcn Sk A2yMaxl, 4A
Discharge Current X Hp | Grid Area 0.067 n%
Discharge Voltage X Hp = Grid Radius 0.15m
Beam Flatness Ratio 1:2.5 Chamber Length 0.23m
. vt 7T T
Predicted Thruster Performances .
BeamVoltage 1100V .
Thrust 55¢ 220 mN =1l 5
l5p (ideal max) ~3000 (4100% 2 ] -
PowerThrust Ratio 23W/mN HC o - N
- ki
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Modular Design

A
A
A
A

Magnetring position
Magnetstrength

Hollow cathodeposition
Dischargeehambervolume
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Ring Cusp Discharge Chamber

Experimental Test Campaign

OperatingConditions

A 9mulated beamextraction
b Mass flowrate reducedto maintain the

same neutratensity
L Discharge current contrahcreasedo
compensate fobeam current

A Upto 29 A& 32V anodedischarge

A Massflow rate:
m Upto 30 SCCMathode

T Upto 80 SCCMnain ) _ _
Ring cusp discharge chamber & Vacuum chamber Discharge chamber
Param efric Stu dy Xenon Pumpingpeed 6500 L/g 10% Estimated Baekigestion operating with xenon

A Magneticfield topology Total of 23 different configurations tested
1 Axialmagneticfield profile _ . :
A Measurementshowan operatingconditionat 3.9 A below 160eV/ion

1t Strengthof magnetrings
A Cathodeaxialposition A 1t shouldbe possibleto achieve4 A of lon Beamcurrent by increasing

A Dischargevolume the (simulated)dischargecurrentto 25A
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Experimental Results

Simulated lon Beam Simulated lon Cost
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Configuration Configuration

A Eachconfigurationtested at a rangeof operatingconditions(massflow-rate and dischargecurrent)
A Severatonfigurationsare characterizey alargerangeof ion beamcurrents,somecloseto 4 A
A Severakonfigurationsshowedanion productioncostbelow200eV/ion, few closeto 150eV/ion
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Langmuir Probe measurement

Langmuir probe

T different mass flow rate different magnetic topologies
Stepper motor 12
h e o Magnetic field 1
Cathode - Plasma L thode 4_5523 1 P 0 Magnetic field 2
o
F
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Thecollectedcurrenton screenmaskingareais negligible
Flatnesgatio 1/2.6 and 1/2.25

o T
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New Study Started in September (CCN):
Impact of HC Design Parameters on Discharge Chamber Performe

Investigated Parameters Monitored Parameters
A Cathode orifice radius A Discharge chamber electrical
A Cathode orifice aspect ratio performance
A Keeper orifice radius A Discharge noise characteristics
A Keeper to cathode orifice plate distance A Cathode plasma parameters
A Insert material Cathode PlasmBiagnostics
A Lag A Langmuir probe
A BaO A RPA

A Emissive probe
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2D aX|Sym metricaModel e — M ‘"“5‘”"‘ | Sf[.rljl?'.[uredcyl. Mesh

A Dischargeurrent
A Dischargevoltage !

s Mesh | R
A Steadystate,basedon R WirzModel | % — | i
A Initial conditionsfrom 0D model iR Magnetic il o S
T enerator Co " i '3
A 4 speciednteractions(hybrid) 38 { L @ s S
;i 0D Sub-model S S R R B H I HH B
A Neutral atoms(PIC; MCC) ! ‘ : L e T E ] R I
A Plasmdons(Fluidg Finite Volume) , | collsfons Sub-model s o S e e
A Plasmeelectrons(Fluidg Finite Volume) : e ___________*__‘_'_r‘_’_“_f_'ff‘ffi““'"“"‘e' «  Magnetic field solver
: EL > lon Diffusion Sub-model | :
I —E' e I : ‘
M'&(\)del InpUtS : g > Plasma Potential Sub-model : Q
Geome.try o : > Electron Temperature Sub-model : @
A Operatingconditions o ‘
A Cathodemassflow-rate : Convergence | @
A Main massflow-rate P TR ‘ .............................................................. i *
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Model Outputs

Neutrals PrimaryElectrons PlasmaDensity PlasmaPotential ElectronTemperature

A Convergence criterion: convergence of maskzation efficiencybetween submodels (neutrabind lons)
A The2D-axisymmetrianodelconvergesandis stableafter a reasonablenumberof iterations

A Consistencypetweenspeciednteractionduringiteration

A Analysiof the modelresultsshowsgoodagreementwith experimentaldata
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