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MSL laboratory

EP Technologies Development at Mars Space Ltd

Á Micro-thrust torsionalbalance

Á VC2 and VC3 used for discharge
cathodesandneutralisers

Á VC2 and VC3 suitable for small RF
ion thruster andring cuspdischarge
chamberstesting

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

Á Plasma diagnostics (Langmuir
probe)

Á Mechanicalworkshop for small in-
housejob

MSL-VC1 MSL-VC3 MSL-VC2

Three vacuum chambers with independent E-GSE, F-GSE and pumping systems:

Å MSL-VC1 has a 2200 L/s turbomolecularpump. Base pressure <5E-6mbar 
Å MSL-VC2has a 8600 L/s STP pump ςoil free. Base pressure <1E-7 mbar
Å MSL-VC3 has a 2200 L/s STP pump ςoil free. Base pressure <5E-7 mbar
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Ring Cusp Discharge Chamber
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Modular Design
Å Magnetringposition
Å Magnetstrength
Å Hollowcathodeposition
Å Dischargechambervolume

Requirements and Pre-sizing

BeamCurrent 1ς4 A

Ion Production Cost Җ мсл Ŝ±κƛƻƴ

Discharge Current Җ нр !

Discharge Voltage Җ нр ±

Beam Flatness Ratio 1:2.5

BeamVoltage 1100V

Thrust 55ς220 mN

Isp (ideal max) ~3000 (4100)s

Power/Thrust Ratio 23W/mN

TargetCurrent Density 6 mA/cm2

Max Ibeam 4 A

GridArea 0.067 m2

GridRadius 0.15m

Chamber Length 0.23m

RCDC Target Performances

Predicted Thruster Performances

Pre-sizing



Ring Cusp Discharge Chamber
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Discharge chamber 
operating with xenon

Operating Conditions
ÅSimulatedbeamextraction:
ҍ Mass flow-rate reduced to maintain the 

same neutral density
ҍ Discharge current control increased to 

compensate for beam current

ÅUpto 29A & 32Vanodedischarge
ÅMassflow rate:

π Upto 30SCCMcathode
π Upto 80SCCMmain

Ring cusp discharge chamber  & Vacuum chamber 

Xenon Pumping Speed 6500 L/s ς10% Estimated Back-Ingestion

Experimental Test Campaign

Total of 23 different configurations tested

Parametric Study
ÅMagneticfield topology
π Axialmagneticfield profile
π Strengthof magnetrings

ÅCathodeaxialposition
ÅDischargevolume

Å Measurementsshowanoperatingconditionat 3.9 A below160eV/ion
Å It shouldbe possibleto achieve4 A of Ion Beamcurrent by increasing

the (simulated)dischargecurrent to 25A



Ring Cusp Discharge Chamber
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ÅEachconfigurationtestedat a rangeof operatingconditions(massflow-rate anddischargecurrent)
ÅSeveralconfigurationsarecharacterizedby a largerangeof ion beamcurrents,somecloseto 4 A
ÅSeveralconfigurationsshowedanion productioncostbelow200eV/ion,few closeto 150eV/ion

Experimental Results

Simulated Ion Beam Simulated Ion Cost
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Å Thecollectedcurrenton screenmaskingareaisnegligible
Å Flatnessratio 1/2.6 and1/2.25

different mass flow rate different magnetic topologies

Langmuir Probe measurement



Ring Cusp Discharge Chamber
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New Study Started in September (CCN):
Impact of HC Design Parameters on Discharge Chamber Performance

Investigated Parameters

ÅCathode orifice radius

ÅCathode orifice aspect ratio

ÅKeeper orifice radius

ÅKeeper to cathode orifice plate distance

ÅInsert material

ÅLaB6

ÅBaO

Monitored Parameters

ÅDischarge chamber electrical 
performance

ÅDischarge noise characteristics

ÅCathode plasma parameters

Cathode Plasma Diagnostics

ÅLangmuir probe

ÅRPA

ÅEmissive probe



Ring Cusp Discharge Chamber
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ÅSteadystate,basedon R. WirzModel

Å Initial conditionsfrom 0Dmodel

Å4 speciesinteractions(hybrid)
Å Neutralatoms(PICςMCC)

Å Primaries(PICςMCC)

Å Plasmaions(FluidςFiniteVolume)

Å Plasmaelectrons(FluidςFiniteVolume)

2D-axisymmetrical Model

ÅGeometry

ÅOperatingconditions
Å Cathodemassflow-rate

Å Mainmassflow-rate

Å Dischargecurrent

Å Dischargevoltage

Model Inputs
Magnetic field solver

Structuredcyl. Mesh



Ring Cusp Discharge Chamber
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Model Outputs
Neutrals PrimaryElectrons PlasmaDensity PlasmaPotential ElectronTemperature

ÅConvergence criterion: convergence of mass utilization efficiency between sub models (neutral and Ions)

ÅThe2D-axisymmetricmodelconvergesandisstableafter a reasonablenumberof iterations

ÅConsistencybetweenspeciesinteractionduringiteration

ÅAnalysisof the modelresultsshowsgoodagreementwith experimentaldata


