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Electrostatic ion emission and acceleration from a Taylor cone

Operation at different Thrust and Specific impulse setpoints

FEEP Technology
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The FEEP technology was developed at AIT (now
FOTEC) for > 25 years for scientific missions, strong support through ESA

The IFM Thruster technology was developed by FOTEC
based on this heritage

Experiment Function Spacecraft No. of 
LMIS

Operation Time

LOGION Test of LMIS in µ-
Gravity

MIR 1 24 h (1991)

MIGMAS/A Mass Spectrometer MIR 1 120 h (1991-94)
EFE-IE S/C Potential Control GEOTAIL 8 600 h (1992 -)
PCD S/C Potential Control EQUATOR-S 8 250 h (1998)

ASPOC S/C Potential Control CLUSTER 32 Ariane 5 Launch Failure 
1996 Still operational after 

Crash
ASPOC-II S/C Potential Control CLUSTER-II 32 6516 (2000 -)
COSIMA Mass Spectrometer ROSETTA 2 2004 - 2014

ASPOC/DS
P

S/C Potential Control DoubleStar 4 8979 h (2004 – 2007)

MMS 
ASPOC

S/C Potential Control MMS 32 Commissioned successfully 
in 2015

Heritage in science missions
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Debris safe

Non-Toxic

No Pressure

Ion emitter validated in ongoing lifetime test, surpassed 30,000h of operation 
(>4x the time to achieve total impulse at nominal thrust)

Solid during 
launch and 
integration

Technology advantage and Heritage
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• 63 ENPULSION NANOs in orbit to date
• >180 FMs delivered 

NANO Thruster Numbers
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3U Cubesat (2018): Independent verification of thrust generation by measuring change of orbital parameters

ESA thrust balance 

Verification of thrust model

3U Cubesat

Conducted 
together with 

From: Krejci et al: 
Demonstration of the IFM Nano 
FEEP Thruster in Low Earth 
Orbit, 4S symposium, 56, 
Sorrento, IT, 2018.

From: Krejci, Hugonnaud, Schoenherr, 
Little, Reissner, Seifert, Koch, Bosch 
Borras, del Amo: Full Performance 
Mapping of the IFM Nano Thruster 
including Direct Thrust Measurements, 
submitted to JoSS
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Telemetry data from 
• Propellant liquification
• Hot-Standby
• Firings

In-orbit data
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From: 
Krejci, David, Reissner, 
Alexander, Schönherr, 
Tony, Seifert, Bernhard, 
Saleem, Zainab, Alejos, 
Ricardo: Recent flight 
data from IFM Nano 
Thrusters in a low earth 
orbit, 36th International 
Electric Propulsion 
Conference, IEPC-2019-
724, Vienna, Austria, Spt
2019.
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3U IOD: Different s/c

1 year after commissioning

• Thrust steps with controlled transients
• Reproducibility of thrust profiles
• High Isp operation

In-orbit data
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SERIAL PRODUCTION OF FEEP PROPULSION SYSTEMS
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ENPULSION Production Line   
 

   6 

  

Manufacturing flow at the ENPULSION production line 

 

Based on these principles, the manufacturing process and scalability for IFM thrusters at ENPULSION 
can be discussed. In step 1, automatized incoming inspection optimized for design throughput, 
short non-conformance reporting with direct link to suppliers enables compliance with high 
heritage quality processes, 100% part inspection and engineering feedback, while allowing the 
required high throughput. In step 2, emitters, which are the core component of the IFM technology, 
are manufactured from incoming parts. These complex manufacturing steps are performed in 
parallel batches, including aligned inspection plans, to achieve nominal throughput. The same 
scaling principle applies to step 3, in which the propellant is loaded into the emitter in a complex 
vacuum process. The semi-finished emitters are then scheduled to undergo a first characterization 
testing in vacuum facilities in step 4, in which average process times, such as evacuation of 
production chambers, are decreased by testing in batches and automatized test scripts. Steps 2 to 
4 strongly benefit from the design to scalability approach of the IFM technology, which results in 
significant share of subassemblies across different thruster products. In a further step, emitters are 
characterized using topology scanning methods and gathered data is used to establish performance 
predictive models assisting emitter selection for early identification of unsuited emitters. Selected 
emitters are stored together with all other preassemblies ready for final thruster assembly which is 
initiated by customer pull in the requested configuration. The streamlined design of the thruster 
allows short assembly times within hours, enabled by the Kanban based manufacturing flow. After 
final assembly, thrusters are undergoing acceptance testing in step 7, which can incorporate 
customer provided mission realistic test levels, and is performed in batches. In a next step 8, the 
thrusters are undergoing vibration testing, which is again conducted in parallel to increase 
throughput, followed by final functional firing testing in vacuum facilities in final step 9. Throughout 
steps 7-9, thrusters are assigned to customers, and fully digitalized non-conformance reporting 
using agile processes and rapid decision cycles are in place, with a replace philosophy in case of 
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Large number of thrusters allows to leverage statistical tools

Each data point represents a flight model

Spread in data is relating to thrusters optimized for different operational regimes

=

Manufacturing data as statistic for 
improvement 
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NANO Thruster Testing

Thruster I-V curves (emitter startup voltage 
& impedance

Thruster performance envelope (reduced 
envelope to -6kV)

Thruster performance envelope (emitter 
and extractor potential)

Direct neutralization verification
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NANO Thruster Testing

Thruster I-V curves (emitter startup voltage 
& impedance

Thruster performance envelope (reduced 
envelope to -6kV)

Thruster performance envelope (emitter 
and extractor potential)

Direct neutralization verification
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Next generation: NANO R3 thrusters
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NANO R3 Thrusters
Based on the heritage NANO
• thruster design 
• key components: emitter/reservoir
• production line

Improved PPU design
• TID, SEE, higher control logic

Added capabilities

Thrust vector capability Increased thrust / lower 
Isp operation
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NANO R3 Thrusters
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NANO AR3: Thrust vectoring 
Thrust vectoring by differential throttling
• No movable parts
• Reduced thrust at higher angles
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ENPUSION Family: Space Heritage 
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MICRO Thruster Update

From: enpulsion.com

• Commissioning

• Orbit change 
maneuver
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MICRO Thruster Update

Acceptance testing of MICRO
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Thrust model confirmed through ground testing in different facilities, and by orbital changes

Modular thruster design
Improved PPU while leveraging extensive NANO heritage in key component design and 
production capabilities

Building up extensive space heritage, feeding lessons learnt into the design of new propulsion 
system generations.

63 NANO thrusters in space
1 MICRO R3 thruster in space

Conclusion

Thrust

NANO R3

Flight heritage 
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Not all launches shown. In case of undisclosed customers, sample images are shown
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