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A Fateful Transition 

Barring unfortunate twists in the evolution of the human species, this century wil be remembered 
as the one in which we detached from our earthly cradle and took flight to make ourselves at 
home in the solar system.   
 
The task before us is to start laying down the premises to exploit the resources of the solar 
system, create outposts in space, explore other planets and establish colonies on them. 
 
The key enabler of this momentous transition wil be represented by electric propulsion. 
 
Advanced electric propulsion technologies combined with nuclear power generation can allow us 
to extend our reach from the cislunar to the translunar space by the end of the next decade, and 
to Mars and beyond by the end of the 2030s.  
 
This expansion of human presence in space will certainly pose the need to develop very-high-
power electric propulsion systems. 
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The Prospects for High Power EP 

High Isp propulsion needed for higher energy missions, with Isp levels of up to 10,000 s to 15,000 s 
to minimize launch mass. 
 
High power levels also needed for crewed planetary exploration vehicles, but larger thrust levels 
required for acceptable trip times. 
 
High performance photovoltaic power generation may answer the power needs for near term, inner 
solar systems operations. Higher power applications shall presumably be based on nuclear power 
generation.  
 
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. 
 
Several challenges are associated with the development and qualification of a very high power 
electric propulsion systems. 
 
Complex and expensive testing processes, requiring suitable test facilities and advanced 
diagnostic systems. 
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Propulsion Options 

Among the various electric propulsion concepts proposed in past years, only a few types of 
devices provide, in principle, the ability to operate at the required power levels with reasonably 
high efficiencies: 
 
•  Ion thrusters 
•  Plasma thrusters 

•  Hall Effect Thrusters, HEMP Thrusters  
•  MPD Thrusters 

•  Arcjets 
•  Other Concepts 

•  VASIMR, Helicon 
•  . . . 

 
 
 
Among the above categories only a few seem to meet the relevant selection criteria for the 
intended missions in terms of  performance capability, lifetime potential, mid-term TRL 
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The Riddle of EP Classification 
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The Role of Electrostatic Propulsion 

Within the EPIC Project, as a part of the 2016 work programme, 3 Operational Grants (OG) were 
awarded under COMPET-3-2016-a (Incremental Technologies): 
 
•  CHEOPS: focused on Hall thrusters  
•  HEMPT-NG: focused on HEMP thrusters  
•  GIESEPP: focused on gridded ion engines 
  
Thus, at least in the Europea arena, the growing role of electric propulsion is preeminently based 
on a few types of EP thrusters – Gridded ion engines, Hall effect thrusters and HEMP thrusters – 
that share a common basic accelerating mechanism: electrostatic propulsion. 
As a consequence, performance characteristics of these different thrusters can be described by 
similar relations and represented on a single general performance chart. Take for instance: 
 
•  SNECMA PPS-5000 Hall Thruster 
•  THALES HEMP-Thruster 30250 
•  QinetiQ T6 Kaufman thruster 

 
The three maps of these thrusters can be superimposed on the same performance plane. The 
contour lines illustrated in the map are derived from the original maps published in the literature.  
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Examples of Performance Maps of Known Thrusters 
SNECMA PPS-5000 Hall Thruster  

Olivier	Duchemin	and	Pierre	Dumazert,	Snecma	Moteurs;	S.D.	Clark	and	D.H.	Mundy	Space	
Propulsion,	QineSq.	Development	snd	TesSng	Of	A	High-Power	Hall	Thruster,	IEPC-03-0032,	
2003	28th	Int.	Electric	Propulsion	Conf.	(Toulouse,	France,	March	17-21,	2003		
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Examples of Performance Maps of Known Thrusters 
QinetiQ T6 Kaufman thruster  

Jaime	Perez	Luna	,	Rhodri	A.	Lewis		and	Mark	Hutchins,	“QineSQ	High	Power	Electric	
Propulsion	System	and	Architectural	OpSons	for	Future	ApplicaSons“,	IEPC-2017-169	
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Examples of Performance Maps of Known Thrusters 
THALES HEMP-Thrusters 

Benjamin	van	Reijen.	HEMP-Thruster	technology	capability	and	applicaSon,	EPIC	
Workshop,	Brussels,	26th	of	November	2014		
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Superposition of Performance Maps 
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Superposition of Performance Maps 

CONFIDENTIAL	SITAEL	PROPERTY	 11	October	17,	2018	



Superposition of Performance Maps 

Placing the maps on the same performance plane highlights their different preferential range of 
operation. 
 
The gridded ion engine, as could be expected, is suited to work in the lower right corner of the 
performance range, corresponding to higher values of the specific impulse. Conversely, the 
Hall thrusters operating range falls in the upper left region characterized by higher thrust and 
comparatively lower specific impulse. HEMPT thrusters fall in a somewhat intermediate range, 
with partial superpositions with the other two fields. 
 
The efficiency levels featured by the thrusters considered in this example are always limited to 
less than 55 %. The ion engine and the Hall effect thruster approximately even up efficiency-
wise, although in their own specific performance range. The HEMP-Thruster appears instead to 
work at somewhat lower efficiency levels. 
 
Disclaimer: these considerations do not purport to constitute a general ranking among the 
above thruster concepts, but only apply to performance capabilities of the specific devices 
considered in the example.  
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Hall Thruster Technology Development 

 
•  Lifetime extension 

•  Novel magnetic topologies 
•  Alternative ceramic wall materials 
•  Alternative anode layer solutions (metal 

walls, wall-less,external discharge) 
•  Alternative propellants 

•  Low purity Xenon, 
•  Other gases (Krypton, Argon, 

Atmospheric), mixtures 
•  Iodine 
•  Bismuth, Cesium, Mercury 
•  Solid 

•  Alternative configurations and clustering 
•  Multi-channel 
•  Racetrack 
•  Cellular 

 
 

SITAEL's R&D strategy is particularly focused on Hall thruster tecnology: 

•  Improved cathode technology 
•  Performance improvement and optimization 

•  Novel operating parameter sets (E, B, n) 
•  Novel channel aspect ratios (L, b) 
•  High thrust operation (High current/mass 

flow rate) 
•  High specific impulse operation (High V) 

•  Power range extension 
•  5 !10   kW   short term 
•  10 !30 kW   medium term 
•  30 ! ?  kW   long term 

•  Performance modelling and prediction, plasma 
       simulation 
 
•  Thruster/system/mission tradeoff studies 
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Alternative configurations 

NASA X3	

Alta HT12k-MC	

Alta HT100 Twin	

Busek Racetrack	

1200	

150 kW Cluster	

3200	

1 MW Cluster	

SITAEL HT20k	

Cellular 

Multi-channel 

Racetrack 

CONFIDENTIAL	SITAEL	PROPERTY	 14	October	17,	2018	



The American Perspective 

2018 

2017 

SpaceX	 has	 recently	 reiterated	 its	 plans	 to	 land	
humans	on	Mars	in	the	mid-2020s,	with	the	long-
term	goal	of	enabling	the	coloniza@on	of	Mars.	

NASA	 plans	 a	 return	 to	 the	 Moon	 some@me	 in	 the	
2020s,	 first	 by	 assembling	 a	 Lunar	 Orbital	 PlaHorm-
Gateway	in	lunar	orbit.		

Two	visions	compared;	
an	ever	so	cau@ous	vs.	a	daringly	bold	approach	
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Deep Space Gateway Concept (2017) 

Power Propulsion  
Element 

The PPE SEP sys tem 
consists of four boom-
mounted 12.5 Hall Thrusters 
powered by two 25 kw-class 
solar array wings 
 
The four 12.5 kW-class Hall 
t h r u s t e r s , u t i l i z e X e 
propellant and produce a 
nominal Isp of 2600 s at 
600 V. 
  
The Power and Propulsion 
Element is designed to hold 
5 t of Xenon propellant in 
four Composite Overwrap 
Pressure Vessels (COPVs). 
  
The PPE should have a 
mass of about 8-9 t, and 
should capable of generating 
40 kW of solar electric 
Power.                     (2017 data) 
 



High Power Hall Truster Development in the USA 

This	 prototype	 13-kilowaN	 Hall	 thruster	 was	 tested	 at	
NASA's	 Glenn	 Research	 Center	 in	 Cleveland	 and	 later	
used	 by	 industry	 to	 develop	 high-power	 solar	 electric	
propulsion	into	a	flight-qualified	system.		

AEPS	 EDU	 thruster	 design	 improves	 upon	
NASA	HERMeS	development	investments. TDU-2 on Vibe table TDU-3 Test Preparations      PPU Test 

Demonstrated full performance compatibility between thruster and PPUs 

In	April	2016	Arojet	Rocketdyne	signed	a	$	67	million	cost-plus	
fixed	 fee	 (plus	 performance	 incen@ve)	 contract	 with	 NASA	 to	
develop	 a	 high-power	 electric	 propulsion	 system	 that	 will	
enable	key	elements	of	NASA's	plans	for	explora@on	of	cislunar	
space	and	Mars	
	
Under	 the	 Advenced	 Electric	 Propulsion	 Systyem	 (AEPS)	
contract,	Aerojet	has	commiNed	to	develop,	qualify	and	deliver	
five	12.5	kW	Hall	thruster	subsystems	including	thrusters,	PPUs	
and	xenon	flow	controllers. 
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A European module for the PPE  (2017)  

	

	HT5K	

Image	from:	www.russianspaceweb.com	
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A Missed Opportunity 

While probably far from coming close to the qualification limits (100 MN-s impulse, 40000 hrs of 
operations, 16000 on/off cycles), an early demonstration of the 20kw Hall thruster on the DSG 
could provided useful on-orbit information years ahead of any other practical use of a 20 kW HET 
thruster, such as: 
 
•  Achieve at least 2000 hrs of operations (approx. 800 kg of Xe) and 800 on/off cycles over 15 

years.  The achievement of such demonstration targets coupled with suitable extrapolation 
models would represent a strong validation of the thruster capability to eventually reach the 
intended qualification limits. 

 
•  Identification of thrust effects/impacts due to surrounding thrusters and effects on structures/

solar arrays (e.g., QCMs). 

•  Plume observations and visual examinations of thruster conditions via camera or other 
dedicated tool inspections (through robotic arm). 

 
But in february 2018 it was announced that the plan to add a European Hall thruster to the Power 
and Propulsion Element of the Deep Space Gateway had been definitely put aside ... 
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High Power Hall Thruster Development at SITAEL 

	 	

The 20 kW class Hall thruster HT20k under development at SITAEL, is the result of activities 
performed initially between April 2015 and June 2017 as a part of the ESA Technology Research 
Project (TRP) "Very High-Power Hall-Effect Thruster for Exploration". Below, a development 
model of the HT5k being prepared for a test and during firing in June 2017 at the SITAEL 
propulsion laboratory in Pisa.  

SITAEL	HT20k	

Thruster	Requirements	
Power		 20	kW	
Thrust		 ~1	N	
Efficiency	 >	0.6	
Specific	Impulse		 >	2500	s	
Total	Impulse		 >	30	MNs	
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Test Campaigns 
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: 
•  only centrally mounted cathode; 
•  extensive characterization from 300 to 800V and 

from 10 to 20kW of discharge power (on Xe); 
•  an operating  point at  1kV and 10kW was also 

tested; 
•  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. 
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Test Campaigns 

The second test campaign was carried out from March to May 
2017: 
•  a modified relative position of the electrodes was tested; 
•  shorter dicharge channel w.r.t. the first campaign; 
•  both externally and centrally-mounted cathodes; 
•  characterization from 250 to 450V with both cathodes; 
•  150 hours wear test with external cathode. 
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Test Campaigns 

The thruster performance demonstrated during the 2017 TRP 
test campaigns over several hundred hours of continuous 
firing, are summarized below: 
 
 
 

More info in:  Antonio Piragino, Andrea Leporini, Vittorio Giannetti, Daniela 
Pedrini, Angela Rossodivita, Tommaso Andreussi, Mariano Andrenucci, 
"Characterization of a 20kW-Class Hall Effect Thruster," IEPC-2017-381, 35th 
International Electric Propulsion Conference, Atlanta, USA, October 8 – 12, 
2017 
 

	

CONFIDENTIAL	SITAEL	PROPERTY	 23	October	17,	2018	



The subsequent test campaign was carried out in the first half of 
2018 on the HT20k–DM2 development model, implementing the 
magnetic shielding of the ceramic channel. 
Three configurations (S, M and L, based on channel width)                  
with the M configuration corresponding to the size used in DM1.  
Test performed to develop scaling methodologies for magnetically 
shielded Hall thrusters. 
 

S	 M	 L	
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Test Campaigns 



HT20k DM2 Characterization 

The anodic specific impulse remained 
constantly higher for DM2-M at 400 V 
of discharge voltage. The same 
behaviour, though to a lesser extent, 
was noticed at 300 V. 

No substantial difference was noticed 
in the measured thrust with respect to 
the HT20k DM1 
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Planned Development Activities: the CHEOPS Project 

After completion of the TRP project, further development activities of the HT20k have kept 
running at Sitael in the framework of the H2020 Consortium for Hall Effect Orbital Propulsion 
System (CHEOPS) programme and of the HT20k XC GSTP programme, kicked-off in October 
2017). 
 
In particular, the CHEOPS project is focussed on the propulsion system as a whole (including 
thruster, cathode, PPU and Flow Management System). As regards the thruster, the plan included: 
 
•  Implementation of a magnetically shielded version to increase the thruster lifetime capability; 
•  Upgrading of the cathode, for extended lifetime; 
•  Improvement of the thruster unit (thruster + cathode) architecture; 
•  Optimization of interfaces between thruster PPU and FMS; 
•  Testing (characterization and 500 h endurance). 
 
Tests on the overall propulsion system, including a 500 h endurance on Krypton at EPS level, are 
planned for Nov 2019 to January 2020.  
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Planned Development Activities: the GSTP Project 

The goal of the project to be funded under the ESA GSTP (General Support Technology 
Programme) scheme is to make available a 20kW-class Hall Thruster with Extended Capabilities  
(HT20k XC) intended for the Space Transportation market. 
 
In view of a near-future qualification and application to realistic mission scenarios, the basic 
HT20k design shall be substantially modified and upgraded. An advanced high power thruster 
unit will be designed, manufactured and tested. The thruster unit will consist of an improved 
version of the HC60 hollow cathode and of a novel design model of 20 kW class Hall thruster 
designated HT20k XC. 
 
The HT20k XC will be optimized to operate nominally at high-voltage (600-800 V) and high specific 
impulse (3000-3500s anodic) and will feature an upgraded magnetic topology in order to ensure 
lifetime capabilities compatible with longer-term space transportation and space exploration 
mission requirements.  After full characterization on Xenon and Krypton, the thruster will undergo 
an extended test on Krypton at the nominal operating point, to assess the extended operation 
behaviour and pave the way for its qualification. 
 
The initial test campaign for the HT20k XC (2000h on Krypton at thruster unit level) is currently 
planned for April to August 2019 in the IV10 test facility. 
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HC60 Development 

The efforts in the development of HC60 are mainly focused on 
increasing the lifetime and the number of cycles sustainable 
by the unit. 
 
Three main aspects are under investigation: 
•  keeper material,  
•  heater reliability,  
•  emitter lifetime  

 
For HC60 heater design, two alternatives were selected: the 
use of mineral insulated cables and the manufacturing of a 
heater based on the technology developed at SITAEL. 
 
Modeling activities of the emitter evaporation and re-
deposition will be coupled with specific test campaign of the 
cathode in stand-alone conditions.  
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Sitael IV-10 Vacuum Facility 

	
Europe’s largest spacecraft propulsion test facility: 6 m internal diameter, 12 m length, 
measured ultimate pressure 10-9 mbar, four stage pumping system currently capable of a 
pumping speed recently upgraded to 480,000 l/s (1,500,000 l/s max) on Xe   
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A Case of Do or Die …  

This is a pivotal time for humanity and also one of the most challenging times in all respects. We 
stand on the verge of a fateful transition: the beginning of the spreading of our species to the 
expanse of the solar system. 
 
The way forward to a spacefaring future is not going to be a straightforward process nor a swift 
one. It will probably develop by fits and starts, as demonstrated by the vicissitudes of space 
programs from the post-Apollo era to the present. 
 
The pace of this process will heavily depend on the availability of resources. The amount of 
resources that our nations will be able to allocate to the colonization of the solar system will rest 
on the evolution of political, economic and social conditions, as well as on a number of 
circumstantial factors that it would be hard to foresee today. 
 
But little by little, step by step, this process will take off and gain momentum, sooner or later. And 
the final outcome looks inescapable. In the long run, the alternative to our expansion towards the 
inhabitable ranges of the solar system could only consist in decline, in an overly populated world, 
forced to accept political and economical hardnesses under the pressure of resource exhaustion 
and demographic overpressure. 
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Conclusions 

SITAEL intends to do its part to help and accompany this process. 
 
SITAEL has a long standing experience in EP and competence to develop electric 
thrusters suitable to serve the purposes of future space missions in the domains of 
robotic on-orbit servicing, space tugging, space transportation, exploration. 
 
SITAEL’s unique set of testing facilities and diagnostics provide the ideal environment to 
fully develop in-house all of the relevant thruster characterization, life-testing, 
qualification and acceptance activities. 
  
Provided that the necessary financial conditions are secured, SITAEL is ready to commit 
to make a 20 kW-class Hall truster available for flight within the mid-2020s. 
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Thank	you	


