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ABSTRACT
In the latest years, a large complex of test facilities has
been developed at Aerospazio Tecnologie for the
experimental characterisation of EP and more in general
plasma-spacecraft interactions, including facilities for
thruster plume propagation, EMI, ESD interaction
testing.

1.

2.

THRUSTER PLUME PROPAGATION

The AEROSPAZIO laboratories host two Large
Vacuum Test Facilities specifically devoted to accurate
thruster plume propagation investigation. The LVTFs
consist of a horizontal stainless steel vacuum chamber
3.8 m diameter, with a length of 11.5 m (the No.1) and
12.5m (the No. 2). The general features of the LVTFs
chambers are provided in [1].

INTRODUCTION

The implementation of any new technology in the
satellite market requires a careful understanding not
only of the performance, but also of the integration
issues. In this regard, spacecraft interactions with
plasmas and RF effects, especially for high power
Electric Propulsion (EP) requires a particular extensive
investigation due to the complex phenomena that occur
on the fully deployed satellite.
As for instance, one of the main emphasis for the
acceptance of a new EP systems on a telecommunication S/C is placed on the electromagnetic
compatibility between the EP system and the S/C onboard radioelectronic systems as well as the payload.
Indeed, electric thrusters are devices that accelerate
ionized particles in order to produce thrust. Due to the
physical nature of the electrodynamic propulsion
process, which produces intrinsic plasma oscillations
and instabilities, EP systems generate electromagnetic
emissions that can seriously interfere with the operation
of S/C on-board equipment.
The main problem in making such a type of EPspacecraft interaction testing is that electric thrusters, in
contrast to other electronic systems, require adequately
large test facilities and high vacuum performances in
order to guarantee that the jet exhaust can expand freely
so as to simulate the on-orbit working operations with
adequate fidelity.
Therefore it is evident that the development of high
power electric thruster and their application to
telecommunication missions rely on the availability of
suitable test facilities where on-orbit operation can be
simulated with reliability and fidelity.
In the latest years, a large complex of test facilities has
been developed at Aerospazio Tecnologie for the
experimental characterisation of EP and more in general
plasma-spacecraft interactions, including facilities for
thruster plume propagation, EMI, ESD interaction
testing.

Figure 1. The LVTF-2 test facility
A cryogenic pumping system allow an ultimate vacuum
in the lower 10-8 mbar range and a dynamic vacuum,
while the thruster is firing, in the 10-6 -10-5 mbar range
depending on the thruster propellant flow rate.
For accurate plume propagation investigation the
thruster is placed in the chamber close to one of the end
doors, firing along the main axis so as to have the
largest volume for its plume free expansion.
A water cooled chevron beam target (a heat exchanger)
is placed at the other end of the chamber so as to absorb
the energy of the plasma jet.
The internal surfaces of the chamber, as well as the
chevron plates, are covered with high purity, nuclear
grade, graphite sheets so as to minimise the material
backsputtering to the thruster.
A full set of plasma diagnostics is placed on a
semicircular boom rotating around the thruster at 1m
radius.
The diagnostics include:
- electrostatic probes used to measure ion current
energy and densities (Faraday probes and RPA-
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Retarding Potential Analysers) as well as the
relative percentage of the charged species (Wien
filters) or different plasma parameters (Langmuir
probes)
non intrusive optical diagnostic such as emission
spectroscopic (plasma emission spectrum, electron
temperature) and LIF-Laser Induced Fluorescence
(velocity distributions for neutral and singlecharged Xe ions can be measured near the thruster
exit plane because of the non-invasiveness of the
spectroscopic technique).

Figure 3. The electrostatic plasma diagnostics installed
on the rotating boom.
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Figure 2. Ion current measured in the plume of the
RIT-22 thruster [3]. Top: 3D analysis. Mid: iso-levels.
Bottom. Experimental data in 2 consecutive scans 2D

Figure 4. Emission spectroscopy [4]. Top: Xe and Xe+
emission lines measured in the plume of a HET thruster.
Botom: Scheme of the spectroscopy test set-up.
Several additional EP diagnostic tools are available to
characterise the thruster performance and operational
characteristics, including thrust balance, non-contact

14th Spacecraft Charging Technology Conference, ESA/ESTEC, Noordwijk, NL, 04-08 APRIL 2016

laser geometrical measurement system, telemicroscope,
in-vacuum videocamera, thermography and pyrometry.
AEROSPAZIO, leading a group of European partners
including IOM-Leipzig (D), ICARE-Orleans (F), Kiel
University(D), Giessen University (D), SEP (K) and
Airbus D&S GmbH (D), has also been recently granted
by ESA with a contract for the development of an
Advanced EP Diagnostic system which should become
the ESA standard on-ground diagnostic tools for EP
testing [2], [5].
The above diagnostic system has been used in the last
years on a number of EP thrusters, including the Thales
HEMPT, the Airbus RIT-family and different HET type
thrusters [5-7].

3.

3

The dielectric chamber, 1m diameter and 2m length, is
fabricated using Epoxy resin and S2 glass cloth. The
Gate Valve allow separation between the two chambers
(the dielectric and the metallic LVTF-2) and keep in
vacuum one of the chambers while the other is under
set-up in air.

EMI/EMC INVESTIGATION

Recently, a new test facility designed to allow EMI
testing of EP thrusters has been developed by
AEROSPAZIO.
The facility consists of a dielectric vacuum chamber
placed in a semi-anechoic room (Fig. 7), connected
through a gate valve to a large flange of a metallic
vacuum chamber (the LVTF-2).
This type of solution has already been adopted in the
litterature for EMI testing on EP thrusters [8].

Figure 7. EP-EMI internal view, the dielectric chamber.

Figure 5. Scheme of the EP-EMI test facility.
Figure 8. Dielectric chamber internal view, the thruster
bracket.

Figure 6. EP-EMI external view, the shielded room.

Figure 9. SPT100 thruster radiated emissions (yellow),
EGSE ON (cyan), background noise (blu), RE102 limit.
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The interior surface adjacent to the dielectric tank is
covered with ferrite lining and 12” hybrid absorber,
while the back of the room, the ceiling and the sidewalls
are covered with 24” absorbers. The useful internal
dimensions of the semi-anechoic room after absorbers
installation are 4.8 x 4.3 x 2.75 m (LxWxH).
The shield attenuation measurements were performed in
10 locations of the facility. In general, the facility show
a shielding effectiveness above 100 db over the full
spectrum of frequencies from 100kHz-40GHz.
Fig. 5 shows the scheme of the room. The thruster under
test is installed in the dielectric chamber on a bracket
(Fig. 8) backed by a water-cooled metal plate so as to
keep the interface temperature at room conditions. This
will be the only metal part of the set-up.
The water cooling, the propellant line are routed along
the bottom of the dielectric chamber underneath a
fiberglass plate to vacuum feedthroughs placed before
the gate valve.
The plume of the thruster exhausts into the main,
metallic vacuum tank, terminating on a beam dump
comprising a series of 0.76m high aluminum pyramids
covered with graphite which reduces the sputtering
produced by the high energy ions. The pyramidal design
of this conducting beam dump serves also to reduce
scattering of electromagnetic radiation from the thruster
by the main tank.
The commissioning of the facility has been recently
performed by testing a flight type Fakel SPT-100B Hall
Effect Thruster provided by Airbus DS.
Fig. 9 shows the radiated emissions measured by
Aerospazio Tecnologie on the frequency range 100
MHz-18GHz.
The results obtained have been compared with previous
data available in the literature and obtained with the
same thruster in another test facility in the US [9]. Upon
the analysis performed the commissioning of the new
EMI test facility was considered completed. The results
obtained will be presented and discussed in a next paper
[8].

4.

- Video camera
- Solar Array Simulator
- Charge Bias Supplies
- High frequency current probes
- DAQ with several acquisition channels
- vacuum compatible displacement tables
As anticipated, the facility has been used to test the
PVA developed by SELEX-ES in the frame of the MTG
programme. In particular the test campaign has been
focused on the characterisation of the secondary arc
between the cell strings in a PVA coupon produced after
a primary arc obtained through an electron gun.
The Electrostatic Discharge can create a conductive
path between adjacent cells thanks to the creation of a
plasma due to the vaporisation of metal during the
discharge at the emission site. A temporary current path,
sustained by the Solar Array power, is thus created and
the string starts to output in this channel. If the
photovoltaic available power is sufficient, the arc can
self-sustain and could create a loss of insulation.
Following two major test phases have been performed:
Qualification: to test the PVA technology at the MTG
mission boundary conditions
Characterisation: to test the PVA technology ESD
limits.

ESD TESTING

An ESD test facility is also available at AEROSPAZIO.
It was developed in the frame of the Photovoltaic
Assembly
(PVA)
qualification
for
the
ESA/EUMETSAT MTG programme.
It consist of a 4 cu.m. vacuum chamber equipped with
10keV electrons gun and several types of plasma
sources including high current plasma bridge cathodes
and Closed Electron Drift plasma sources (Hall Effect).
The cryogenic system allow operations in the 10-7 mbar
range.
The facility is equipped with several diagnostics and
instrumentations including:
- Langmuir probes
- Surface potential probes

4

Figure 10. The ESD test facility.
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