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Space propulsion

Image credit: NASA/JPL-Caltech
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Space propulsion
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Electric Propulsion
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Propulsion basics
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Ion engine performance
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Mission capabilities

AV =V_In(my/m,)

At=AVm,/T
I AV required with high thrust <AV (low thrust)

*Hohmann transfer
*Oberth effect 5



Propulsion basics
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Ion engine performance
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Electric Propulsion system
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Electric Propulsion system
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Neutralizer-free systems
DPPT
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+Lifetime and robustness
+Downscaling



Electric Propulsion: new challenges
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*Lifetime and robustness for longer missions

Copyright 2014, SpaceWorks Enterprises, Inc. (SEI)
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Neutralizer-free systems

Acceleration of
oppositely
charged particles

Plasma acceleration Dual beam acceleration
concepts: concepts:
*Plasma expansion Spatial separation
*ixB acceleration Temporal separation

J Jarrige, P-Q Elias, F Cannat, D Packan, 33rd International

Electric Propulsion Conference, 2013 (IEPC-2013-420) Aanesland A, et al.: Journal of Physics:

Conference Series, 162 012009 (2009) 11



Dual beam with positive/negative ions
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10 cm RF antenna (13.56 MHz)

PEGASES I:
Two beams of oppositely charged ions
extracted from the same plasma source

Extractors Plasma core

RFantenna ~ Magnets Gasinjection ~ Vaccum flange Acceleration grids

Ferrite
material

PEGASES II:
One beam with alternated extraction of
oppositely charged ions

PEGASES
“Plasma propulsion with electronegative gases”
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Filtering Ion-Ion
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Acceleration 1 2



PEGASES

“Plasma propulsion with electronegative gases”

Dual beam with positive/negative ions
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PEGASES

“Plasma propulsion with electronegative gases”

Dual beam with positive/negative ions
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Dual beam with positive/negative ions
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Propellant restrictions
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Dual beam with positive/negative ions
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+Lifetime and robustness

+Downscaling

+Propellant storage

-Propellant flexibility 16
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RF acceleration

Quasi-simultaneous extraction

Dual beam with positive ions/ electrons
L EpE

Principle
lon-electron acceleration in the
RF sheath due to self-bias effect
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Dual beam with positive ions/ electrons
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RF acceleration principle
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Dual beam with positive ions/ electrons
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Dual beam with positive ions/ electrons
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RF acceleration

Quasi-simultaneous extraction

Dual beam with positive ions/ electrons
pooe

The flow directionality
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Dual beam with positive ions/ electrons
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Stability Control RF vs DC
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Find more information in Phys. Plasmas, 22, 063502 (2015)
and J. Phys. D : Appl. Phys., 47, 495203 (2014) 23



Dual beam with positive ions/ electrons
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Lifetime

Solar arrays ——> RF generator (ICP)

t;>>10*h
|
t,>10*h

Gas disch

Controller

Accelera

Xe propellant Flow Control
storage Unit (XFU)

RF acceleration
Quasi-simultaneous extraction

+Lifetime and robustness
+Significant downscaling
+Propellant flexibility
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Dual beam with positive ions/ electrons

- disruptive technology for space

Reasons:

 Strong technology heritage

* No cathode neutralizer

* Beam current can be x2 the one for a DC system
 System is simplified - only one RF ower suppl
* Scaling flexibility
» Zero emitted net charge
* Highly directional flow
* Suppressed background plasma

* Can be used as a plasma accelerator
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Dual beam space propulsion:

conclusions

Dual beam is promising technology for space propulsion

Dual beams can be formed using temporal or spatial
separation of the extra tﬁ)n can be compose
jons or ions and electr

Coincident beams,.rprpi/,lde precise cont
and transport (space poterptlal induced

Potential use in technologles due to high anlsotropy and
surface potential control
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