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Atmosphere-Breathing Electric Propulsion

Very Low Earth Orbit (VLEO) offers a new range of space missions but drag compensation is required to extend
their lifetime. A solution is Atmosphere-Breathing Electric Propulsion (ABEP):

RF Helicon-based Plasma Thruster
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» The intake collects the residual atmosphere
Birdcage » The residual atmosphere is used as propellant
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IPT Design Plume Characterization
» Design consists of: injector, discharge channel, birdcage antenna, Torsional pendulum
electromagnet (EM), Faraday shield and support structure » Measurement of momentum flux in plume -> extract data on thrust, specific
> Birdcage Antenna: Correct resonance selection -> Linear polarization impulse, thrust efficiency

» Plate facing the thruster’s exit plane

of E- and B- fields -> Provides ExB drift velocit
Y » Supported by a balance arm to counteract the plasma plume

» Birdcage antenna + External axial magnetic field
"= Helicon wave-based discharge
" Higher ionization degree and plasma density -> less input power
required compared to inductive discharge
" Enables EM acceleration due to high ionization (less neutrals)

B-dot probe

» 3-axis of measurement

» Probe interfaces with 3 RF power combiners, vacuum feedthrough interface, oscilloscope

» Periodical rotating magnetic field measurement in the IPT plasma plume -> helicon wave
detection in the IPT plasma plume -> confirmation of IPT as helicon plasma source
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Status
" |PT is based on a RF birdcage antenna at 40.68 MHz plus external ** Momentum flux probe to measure thrust
magnetic field applied axially, 20-30 mT required for helicon waves. *** Procurement completed, manufacturing and set-up in progress.
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' Envel : : : :
Leg Capacitors Shield Operational Envelope »* B-dot probe head with 3 copper coils for 3-axis B-field measurements.
Power >0-100W s Calibration set-up attached to IPT.
. o Mass flow 0.1-0.8 mg/s
" Test campaign performed at IRS facilities. Pressure 0.12-0.30 Pa
= Ignition achieved with Ar, N,, O,. 14.7-44 5 mT
Magnetic field ' ' ’
max: 70 mT
Current 6-10 A,

(Solenoid) max: 15 A
Propellants Ar, N,, O,

Ignition & Operational Power

Pin,ar | Pz | Pin, o2 N
(W] | [W] (W] | [1/s]

50-60 | 50-70 | 50-70 | 20.30
50-60 | 50-70 | 50-70 | 15.23
50-60 | 50-70 | 110 | 10.15
50-60 | 50-70 | 110 5.08

. Fig: IPT operating with O,, P,,=60W, B,,~30mT, m=0.65mg/s ' g | 2 2
\ 50-60 100 110 2.54
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