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The Case for High Power Electric Propulsion 

CONFIDENTIAL SITAEL PROPERTY 2 

The expansion of human presence in space will certainly pose the need to 

develop very-high-power electric propulsion systems 

 

Å High power electric propulsion can enable performing deep space observation and 
sending probes to the edge of the Solar System é 

 

Å High Isp propulsion needed for the higher energy missions, with Isp levels of up to 
10,000 s  and beyond, to minimize launch mass 

 

Å High power levels also needed for crewed planetary exploration vehicles, but larger 
thrust leves required for acceptable trip times 

 

Å High power applications to be generally based on nuclear power systems; high 
performance photovoltaic power generation also applicable for inner solar systems 
operations 

 

Å Higher power propulsion systems  obtainable in principle by clustering; but   0.1  to  >1 
MW  single thruster capability needed,  so that the number of thrusters per spacecraft 
remains reasonable. 



Propulsion Options 
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ÅAmong the various electric propulsion concepts proposed in the past 

decades, only a few types of devices provide, in principle, the ability to 

process hundreds of kilowatts to megawatts of power at reasonably high 

efficiencies 

ï Ion thrusters 

ïPlasma thrusters 

ÅHall Effect Thrusters, HEMP Thrusters  

ÅMPD Thrusters 

ïArcjets 

ïOther Concepts 

ÅVASIMR, Helicon, . . . 

 

Å Among the above categories only the first two seem to meet  the relevant 
selection criteria for the intended missions in terms of  performance 
capability, lifetime potential, mid-term TRL, . . . 

Å Ion thrusters, in particular, appear especially suited for very high Isp , while 
plasma thrusters allow achieving higher thrust densities 



Performance Levels 
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Potential High Power SEP Applications 

Todayôs scenario already features a plethora of available solutions for in space power 

generation up to 20 kW and above, but no Hall thruster above 10 kW was flown yet, 

nor a full qualified solution exists for this class of power.  Consequently, there seem 

to exist ample opportunities for such high power EP systems 

 

Even in the current market condition, a speculation based on trends can be drafted. 

Market niches that could benefit from a high power Hall thruster in the near future and 

beyond are basically: 

  

Å Future large GEO SatComs. 

Å Space transportation; space tugs (either in Earth Orbit and within the Solar 

System); 

Å Servicing 

Å Exploration missions 

Å Science missions 
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Potential Applications: Large GEO Platforms 

As regards the large geostationary telecom satellites, commercial platforms able to 

produce 20kW or more of power are already a reality in the space telecommunication 

market. The American company Space Systems Loral with its high power platform 

SSL-1300 represents a reference in the market with its extensive flight experience. 

 

Moreover, bus power levels up to 25kW are planned for the near future. Currently  

large coms satellites in the range of 20-25 kW use a cluster of smaller 5 kW HET 

thrusters for orbit raising. Once at GEO these smaller thrusters are used for attitude 

control/station keeping. In this frame, an EOR with a single, higher power, thruster 

would represent a competitive advantage for all electric satellites in terms of 

reduced time to orbit. 

 

Therefore, the availability of a large power HET could change the paradigm, leaving 

the orbit transfer to the higher power thruster and utilising smaller thrusters for 

attitude control/station keeping, potentially with a subsystem mass advantage and 

more efficient use of the propellant.  The situation would improve as the telecom 

satellites become more powerful, and larger in scale. 
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This case can be considered as a mix in between coms satellites and servicing. EP 

based space tugs are inherently suited to be re-usable, and a high power HET would 

contribute also to re-usability (less time through the van Allen Belt, lower solar array 

degradation). 

 

Space Transportation scenarios cover a huge number of possibilities: from space 

tugs moving up and down different orbits around Earth and lifting satellites up GEO 

slots, to in orbit maintenance spacecrafts with refuelling, de-orbiting or 

repositioning tasks, to shuttle tugs commuting between big depots or manned 

outpost orbiting in Lagrangian points (or NEOs) and Earth orbits. 

 

In a farther future ,space transportation may cover also asteroid mining missions. 

 

Also servicing would make a clear case for high power HETs (or EP systems in 

general), due to their inherent aptness to re-usability, which would allow multiple 

orbit transfers or transfer of spacecrafts  between orbits. 
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Potential Applications: Space Transportation; Space Tugs; Servicing  



Space Tugs 
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SEP is a key enabler for a multi-mission transportation platform, especially for space-tug 

applications to transfer payloads between low Earth orbits and higher 

 

(Source: AIRBUS DEFENCE & SPACE) 



Deep Space Gateway/Power Propulsion Bus  

Å Contribution to orbit transfer, including self-delivery of the PPB to Cislunar, excursions 

from one type of NHRO to another or from NHRO to EML2 and back (all missions foreseen 

in the DSG mission requirements) and driving tank loading 

Å Attitude control, in particular roll control for the DSG (the CG is quite off-set in the Y/Z 

plane from the DSG X-axis) 

Å Approximately 2.5 t of Xe are envisaged to be used over 15 years, with a max/min of power 

available for SEP of approximately 40/27 kW (and augmented DSG, beyond the basic 

configuration, i.e. with the addition of a second habitation module and a crew descent 

vehicle) 

 

Logistics/module delivery 

Å Delivery and removal of non-time critical logistics or outfitting elements, in particular 

during phase 

  

Potential contributions for DSG Phase 2 

Å Part of the HET thruster cluster for the Deep Space Transporter (150 kW) as European 

contribution to future Exploration missions, crew/logistics/outfitting missions to Mars  
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Potential Applications: Exploration Missions 



Trend in Power increase 
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wƻƎŜǊ aȅŜǊǎΣ άbŜȄǘ DŜƴŜǊŀǘƛƻƴ 9ƭŜŎǘǊƛŎ tǊƻǇǳƭǎƛƻƴ {ȅǎǘŜƳǎ ŦƻǊ {ŀǘŜƭƭƛǘŜǎέΣ tǊŜǎŜƴǘŜŘ ŀǘ ǘƘŜ опǘƘ LƴǘŜǊƴŀǘƛƻƴŀƭ 9ƭŜŎǘǊƛŎ 
Propulsion Conference, Hyogo-Kobe, Japan, July 7,2015. 



Electric Propulsion at Sitael 
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ÅHall Effect Thrusters 

Å From 100W (12 mN ) to 5kW (350 mN ) 

Å Orbit raising, station keeping, exploration 

ÅElectrothermal Thrusters (Resistojets, Arcjets) 

Å 50-250mN 

Å Station keeping 

ÅHollow Cathodes 

Å Low and High Current 

Å Field-Emission Electric Propulsion 

Å 150ɜN 

Å Very accurate pointing for Scientific missions 

ÅMagneto-Plasma-Dynamic Thrusters 

Å 1-150N 

Å Future Deep Space Exploration Programmes 

ÅDiagnostics Equipment 

Å Thrust Measurement Systems 

Å QCM, Faraday Cups, RPA, Langmuir Probes 

Å Thermography, Telemicroscopy 

A long standing involvement in EP 



Electric Propulsion at Sitael 
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Through its Alta component, Sitaelôs heritage in Hall Thrusters dates back to the mid 

1990s. Hollow Cathodes for low and high currents were also developed in parallel. As 

of today, the Sitael group can offer a complete HET propulsion subsystem, including 

thruster, cathode, PPU and fluidic line, completely based on proprietary technology 

 

HT100 

HT400 

HT5k 

Power: 100-350 W  Mass: < 450 g 
Thrust: 6-18 mN  Isp: 1000-1600 s 
Efficiency: 40%  Permanent magnets 

Power: 200-1000 W Mass: < 900 g 
Thrust: 20-50 mN  Isp: up to 1850 s 
Efficiency: 50%  Permanent magnets 

Power: 2,5-7,5 kW  Mass: 12200 g 
Thrust: 150-350 mN Isp: 1700-2800 s 
Efficiency: > 55%  Coils 

Hall Thruster Technology 
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Å Lifetime extension 

Å Novel magnetic topologies 

Å Alternative ceramic wall materials 

Å Alternative anode layer solutions (metal 

walls, wall-less,external discharge) 

Å Alternative propellants 

Å Low purity Xenon, 

Å Other gases (Krypton, Argon, 

Atmospheric), mixtures 

Å Iodine 

Å Bismuth, Cesium, Mercury 

Å Solid 

Å Alternative configurations and clustering 

Å Multi-channel 

Å Racetrack 

Å Cellular 

 
 

Technology Development Lines  

Å Improved cathode technology 

Å Performance improvement and optimization 

Å Novel operating parameter sets (E, B, n) 

Å Novel channel aspect ratios (L, b) 

Å High thrust operation (High current/mass 

flow rate) 

Å High specific impulse operation (High V) 

Å Power range extension 

Å 5 Č10   kW  short term 

Å 10 Č30 kW  medium term 

Å 30 Č ?  kW  long term 

 
Å Performance modelling and prediction, plasma 
       simulation 
 

Å Thruster/system/mission  tradeoff studies 

Hall Thruster Development 
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  Voltage [V] 
Discharge Power 

[kW] 
Thrust [N] Anodic Efficiency 

Anodic Specific 

Impulse [s] 

Outer Diameter 

[mm] 

SPT 290 Up to 600 5-30 Up to 1.5 Up to 0.7 Up to ~ 3000 290 

NASA 300M 200-600 10-20 Up to 1.13 0.57-0.73 1709-3154 300 

NASA 400M 200-600 4-47 0.27-2.1 0.46-0.72 1741-3245 400 

NASA 457M 300-650 9-72 0.37-2.9 0.46-0.65 1741-3245 457 

BHT-20k 200-500 5-20 Up to ~1 0.51-0.69 1430-2630 ***   

PPS-20k ML 100-500 2.6 ï 23.5 *** Up to 1.05 ~0.6 ** Up to 2700 320 

* Total Power ** Total Efficiency *** Total Specific Impulse 

High Power Hall Thrusters Overview 

Å The first prototype of high power Hall Thruster was the Russian Fakel SPT-290, which was operated at 5-to-
30 kW of power and was able to produce up to 1.5 N of thrust. 

Å The first high-power prototype developed in the USA was the NASA T-220, a 10 kW-class HT.  This prototype 
was developed and tested at NASA GRC in 1998. Other American high power Hall thruster prototypes are 
the Aerojet Rocketdyne XR-12, tested at a power level of 12 kW and the Busek BHT-20k16. 

Å More recently, NASA GRC and Jet Propulsion Laboratory have been developing a 12.5 kW magnetically 
shielded Hall thruster, the HERMeS13. 

Å In Europe, the PPS-20k ML developed by SNECMA demonstrated a maximum thrust of 1050 at 22.4 kW of 
total power, with an anodic specific impulse of 2700 s. 



The TRP Project 

Å The development of a 20 kW class Hall Thruster, the so called HT20k,  was undertaken at SITAEL in 
ǘƘŜ ŦǊŀƳŜǿƻǊƪ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘ ά±ŜǊȅ IƛƎƘ-Power Hall-9ŦŦŜŎǘ ¢ƘǊǳǎǘŜǊ ŦƻǊ 9ȄǇƭƻǊŀǘƛƻƴέΣ ŀ ¢ŜŎƘƴƻƭƻƎȅ 
Research Project (TRP) funded by ESA 

Å This TRP was aimed at performing all necessary preparatory activities in view of developing a 100% 
European very-high-power Hall-effect thruster capable of high performance levels and lifetime 
capability. Such preparatory activities included the breadboard design of the thruster and the 
associated high-current cathode, manufacturing and long-duration testing. 

Å The thruster unit requirements, as identified by ESA at the time, were: 
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Thruster Requirements 
Power  20 kW 

Thrust  ~1 N 

Efficiency > 0.6 

Specific Impulse  > 2500 s 

Total Impulse  > 30 MNs 
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The design of the thruster was based on the extensive experimental and 

theoretical heritage of SITAEL in the field of HETs.  

 

A broadly validated theoretical scaling methodology was used to size the HT20k 

(see for instance, M. Andrenucci, F. Battista and P. Piliero, "Hall Thruster Scaling 

Methodology," IEPC-2005-187) 

 

HET scaling: 

 

ÅA well known thruster is assumed as reference (e.g. Fakelôs SPT 100) 

ÅA set of basic parameters is selected in order to define the thruster geometry. 

ÅThruster performance and operating characteristics are obtained as a 

function of the basic parameters through a set of scaling relations describing 

the behaviour of the scaled-up thruster with respect to the reference thruster.                                     

 
 

 

Thruster Design 
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Å In the traditional design of a Hall thruster  the channel dimensions scaled in order to 

keep the physical processes in the thruster unchanged with respect to the reference 

thruster 

 

Å This implies retaining the same plasma density as in the reference thruster. In this case, 

therefore, the channel area would scale linearly with the mass flow rate.  

 

ÅWhen scaling up to very high power levels the application of this scaling approach leads 

to very heavy and large devices. 

 

ÅWith the purpose of increasing the thrust to mass ratio of the thruster, we decided to use 

a design approach different from the traditional one. The HT20k was designed to 

operates with a higher density than in the reference thruster. 

 

Å This increase of the plasma density implies an increase in the wall losses. However, the 

effect of wall losses in determining thruster performance tends to become less 

important when increasing thruster discharge power. 

 

Å A very compact high power HET could thus be obtained, while maintaining a high thrust 

efficiency. 

 

 

Å   

 

 

 

 

 

Thruster Design 
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Thruster Outer Diameter 

[mm] 

HT20k 254 

SPT 290 290 

NASA 300M 300 

Snecma PPSï20k ML 320 

Thruster Design 

For a fixed discharge power of 20kW, a wide range of 

thruster configurations were analyzed.  For each 

configuration: 

 

Å Thruster performance levels were estimated by 

means of the scaling methodology, 

Å Different configurations of the magnetic circuit 

were investigated, 

Å The magnetic circuit was optimized in terms of 

mass and dimensions. 

 

The most compact configuration (outer diameter of 

254 mm), compatible with the required performance 

was then chosen as the final HT20k configuration 

 

The erosion rate was evaluated through scaling 

relations and included into the model, so as to define 

the ceramic wall thickness. 

 

Thermal simulations were performed in order to 

evaluate the overall thermal stresses for the choose 

design. 



Test Campaigns 
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The HT20k performance was mapped over a wide range 

of voltages and power levels in the IV10 facility at 

Sitael, Pisa, between April 2015 and June 2017. 

 

The first test campaign was carried out from August to 

October 2016 

Å Only centrally mounted cathode 

Å Extensive characterization from 300 to 800V and 

from 10 to 20kW of discharge power (on Xe) 

Å An operating  point at  1kV and 10kW was also tested 

Å Magnetic field peaks ranging from 20 to 30mT 

 

Notwithstanding its mechanical envelope, considerably 

compact if compared with other thrusters of the same 

power class, the HT20k exhibited a sustainable thermal 

behaviour within the required operating parameters 20kW 300V 

20kW 800V 
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The second test campaign was carried out from March to 

May 2017 

Å A modified relative position of the electrodes was tested 

Å Shorter dicharge channel w.r.t. the first campaign 

Å Both Externally and centrally-mounted cathodes 

Å Characterization from 250 to 450V with both cathodes 

Å  150 hours wear test with external cathode 

 
 

 
 
 
 
 

Test Campaigns 


