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Electric propulsion for spacecraft is recognised in Europe as one of the technology
areas where investments are solicited and necessary to enhance the competitiveness of the
European industry in the space sector. A number of initiatives in this field aims to the
development and space validation of new electric propulsion systems and to a fast
implementation of electric propulsion on-board new spacecraft. European industry and
Space Agencies in Europe are setting up collaborations to accelerate this process, through
the availability of qualified and reliable electric propulsion systems. This paper presents
an overview of the current European development in this field and the main programmes
under preparation, which involve the use of electric propulsion systems.

1. Introduction -

The availability of constantly increasing levels of electrical
power on all types of new spacecraft allows the use of
Electric Propulsion (EP) to be considered, aiming to reduce
substantially the mass of on-board propellant for attitude and
orbit control and other operations and thus to allow
corresponding increases in payload mass. The commercially
most important and therefore the driving application domain
for the use of EP has been so far the GEO Telecom where it
is already in operational use in Russia and in the USA and
major efforts to embark it are actively in progress now in
Europe. Following this lead, the use of EP for other
application domains are now also receiving high interest
everywhere. In particular, the most important constellations
of telecommunication satellites in Low Earth Orbit are
currently being designed to use electric thrusters to perform
the transfer to the operational orbit and other functions.

Thanks to the mass saving made possible by the use of
electric propulsion, a lower number of launchers is necessary
to place the constellation in orbit, thus allowing a major cost
reduction for the service offered. Furthermore, electric
propulsion is being adopted by several scientific and Earth
observation missions, where this technology will be .used to
provide the primary propulsion functions or to perform
highly precise control operations.
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In Europe, developments in all the different areas of electric
propulsion have been carried out over the last three decades.
Now that the operational use of EP has finally been accepted,
the potential users are in the process of selecting current EP
technologies for immediate use and to define requirements
for the new generation of EP systems to be used in Europe in
the longer term.

Europe recognises the importance of electric propulsion for
the future of the European space industry and therefore the
European Space Agency (ESA) and several European
National Space Agencies are supporting EP technology
development. Some of these developments are being co-
funded by the European industries interested in the
production and use of EP systems and components, as a
demonstration of the commitment of the European industry in
this field of technology. As a matter of fact, recently electric
propulsion has been recognised by EUROSPACE!, the
organisation representing the European companies working
in the space sector, as one of the ten top technologies where
investments are needed to enhance and maintain the
competitiveness of the European industry in the space field.

The status of development of EP in Europe and the current
activities for each domain of application are presented in this
paper. A similar paper was presented during the 35" Joint
Propulsion Conference in Los Angeles (USA) in June 1999.
This version of the paper takes into account some updates
since then.
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2. Electric Propulsion for Telecom Satellites

In view of the large potential increases in revenue from
telecom missions deriving from the use of this technology,
EP has been identified by the European Telecom
manufacturers to be the key technology required to maintain
their competitiveness on the world market.

The propellant mass saving generated by the use of EP on
telecom spacecraft allow massive increases in Telecom
payload mass, or to extend the mission lifetime or the use of
a smaller launch vehicle, or indeed, to combine these benefits
in an optimal way to maximise the revenue return.

The main areas of application of EP on European
telecommunication satellites are presented in the following
paragraphs.

2.1 Electric Propulsion for Geostationary Telecoms

North-South Station Keeping of GEO Telecoms

In the last years, the trend in GEO Telecom satellites has
consolidated into: a considerable increase in electrical power
to satisfy the payload needs; an increase in platform size to
accommodate the payload itself; longer mission duration up
to 15 years. As a consequence, the use of EP for north-south
station keeping (NSSK), which is the first step in the
operational use of EP for GEO Telecoms, has become
mandatory for a competitive spacecraft, and is now being
adopted, at least as an option, by all the major Telecom
manufacturers in the world.

In Europe ESA will fly the RIT-10 (D)and UK-10 (UK) ion
engines on its ARTEMIS telecom? (see Fig.1)

Carrying three payloads plus a number of experiments,
ARTEMIS (Advanced Relay and Technology Mission
Satellite) is being developed for testing and operating new
telecommunications techniques. ARTEMIS is scheduled for
launch in the year 2000 on a Japanese H2A launcher in the
framework of a cooperation agreement with the Japanese
space agency NASDA to which, in exchange for the launch
of the satellite, ESA will provide data relay capability
through ARTEMIS itself. Users of ARTEMIS will include,
among others, the French Earth Observation satellite SPOT 4,
NASDA's telecommunications satellite OICETS and other
Japanese Earth-observing satellites, ESA's ENVISAT and the
International Space Station.

Still in the year 2000, the French Space Agency, CNES will
fly the Russian SPT-100 and its derivative, the PPS-1350
engine on its STENTOR * GEO experimental stallite. The
PPS-1350 system, is currently being developed jointly by
SEP (F) Fakel (Russia) and ETCA (B), for what concernes
respectively the thruster and the power processing unit. A
picture of the PPS-1350 thruster taken during the lifetime
performance test at SEP is shown in Fig.2.
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Fig.1 — The ESA ARTEMIS Satellite (courtesy Alenia)

Another Hall-effect thruster with performance similar to the
SPT-100 is being developed and qualified by Matra Marconi
Space (UK) in collaboration with the Keldish Research
Institute in Russia. This thruster, called ROS-99, is currently
undergoing a lifetime test in Russia and it has performed so
far about 1000 hours of operations.

Under the pressure of the competition from outside Europe,
the two European Telecom manufacturers (Matra Marconi
Space and Alcatel) initiated the development of a new
generation of geostationary platforms (Eurostar 3000 and
Spacebus 3000 respectively), which offer the option of using
Hall-Effect thrusters for NSSK operations. The flight proven
Russian Hall-Effect thruster technology has been identified
by both Matra Marconi and Alcatel as their preferred
technology for NSSK of modern GEO spacecraft and both
Matra and Alcatel have selected this technology for their new
platforms. At the end of 1997, Alcatel won a contract from
Societe’ Européenne de Satellites of Luxemburg (SES) to
build a large GEO telecom, the ASTRA 1K, which has the



option to use SPT engines for NSSK and will be launched in
the year 2000.

ASTRA-1K is a Spacebus 3000B3S satellite featuring 52
high-power Ku-band transponders for the first five years of
operation (46 transponders at end of life), as well as a 2
transponder Ka-band payload. The Ku-band transponders
will be powered by 105 Watt TWTA's (Travelling Wave
Tube Amplifiers), and the Ka-band payload by 66 Watt
TWTA's. The spacecraft will be capable of generating 13 kW
of electrical power, and will weigh, depending on the launch
vehicle, between 4.5 and 5 tonnes. SES's contract calls for the
satellite to be compatible with both the Ariane launch
vehicles and with Proton. The spacecraft is designed for a
lifetime of 13 years, using chemical propulsion only. If SES
opts to fly in addition with electric propulsion a 16-year
lifetime can be achieved.

Fig.2 — The PPS-1350 Hall Effect Thruster (courtesy SEP)

In the last years, ESA has also interacted with
representatives of National Agencies and with the Electric
Propulsion system manufacturers. The scope of these
interactions was to identify areas of interest for new activities
in support to industry and to avoid conflict of interest and
duplication of work. As a result of these consultations and in
consideration of the fact that no additional development
activities are required in the short term for the EP systems for
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NSSK, which will be completely developed and qualified in
the framework of the STENTOR and ARTEMIS
programmes, ESA has initiated complementary activities in
this field, which aim to provide in the short term important
elements to improve customer confidence in the EP
technology for NSSK.

The most important of these activities are:

- Development of High Performance Cathodes for Hall-effect
Thrusters

This activity, recently placed with SEP(F) and Laben (I), is

aimed to the development of a cathode for the SPT-100 class

of thruster, optimised for large production and with enhanced

life capabilities.

- Development of Advanced Grid Systems for Ion Engines
This activity, recently completed by Daimler Chrysler (D)
and its subcontractors ¢ was intended to investigate areas for
improvement of the erosion characteristics of ion engine
grids, which are considered the most critical components
from the point of view of the expected operational life of
such category of thrusters.

New possible ESA activities in the medium/long term related
to the use of EP for NSSK of GEO telecoms will be linked
with the performance in space of the EP systems which will
fly in the near future and with the possible new requirements
deriving by the evolution of the current telecom platforms.

Optimal Use of EP on Future GEQO Telecoms for Orbit

Transfer and other Operations

In a second step leading to optimal use of EP on the next
generation of GEO telecoms, EP operations can be extended
to include other functions than NSSK, notably: full or partial
orbit transfer from the GTO to GEO orbits; east-west station-
keeping; momentum wheel speed control and possibly other
attitude control functions; spacecraft de-orbiting at end of life
(EOL).

The two European GEO telecoms manufacturers, Matra
Marconi and Alcatel, are currently working on the
development of GEO platforms which will make an optimum
use of EP. Furthermore, Arianespace, the European
organisation in charge of the commercialisation of the family
of ARIANE launchers, expects that the adoption of EP, on
future GEO telecoms, in particular for the orbit transfer
function, will have a major impact on the future requirements
of the ARIANE 5 launcher.

To prepare for the next generation of European GEO
telecoms which will make optimum use of EP, ESA is
initiating activities in the short and medium term in
coordination with European industry, aiming at the definition
and development of the EP system which will be used
eventually on these satellites.



The main activities supported by ESA in the framework of
this area are the following:

- Optimal Use of Electric Propulsion for Advanced GEO
Telecoms: Assessment Study

As a result of two parallel studies, the two GEO telecom
satellite manufacturers, Alcatel * and Matra Marconi ¢ Space
have defined the optimum use of EP systems on the next
generation of satellite (around year 2000), extending the use
of EP from NSSK to orbit transfer to GEO and other
functions. Starting from the definition of the mission
requirement for a future, competitive GEO satellite, the
architecture of the EP system and the impact of it on the rest
of the spacecraft has been assessed. In particular, one of the
outputs of the study was the identification of the requirement
for a new generation of high thrust EP systems, to be used on
the new telecoms. ESA took care that the two studies were
performed in good coordination between the telecom
manufacturers, thruster suppliers, national agencies and
launcher operators.

- Plasma Thruster Pointing Mechanism

In the framework of this new activity, the Ion Thruster
Alignment Mechanism (ITAM) developed and qualified for
ARTEMIS for the RIT-10 and UK-10 thrusters will be
modified and re-qualified to be used with SPT-100 engines.
This activity is being performd by Austrian Aerospace (AAE)
in the framework of an ESA programme funded by Austria.

2.2 Electric Propulsion for Telecom Constellations in
Low Earth Orbit
Many satellite constellations are under study and

development today, which will adopt electric propulsion for
part or all of their manoeuvres. The potential of this new
market segment is enormous, in particular for the possibility
offered by the use of EP to reduce the number of launchers
needed to put in orbit the constellation. In Europe, activities
for these types of applications have just begun, and European
thrusters will be used on future satellite constellations for
different operations. ESA considers it important that
European industry takes advantage of the commonalties with
the developments of EP systems for application on GEO
telecoms or scientific satellites, in order to make available as
soon as possible EP systems for LEO constellations.

Matra Marconi Space is currently working with Daimler
Chrysler in the preparatory activities for the development of
the platforms for the Motorola’s TELEDESIC and
IRIDIUM+ telecom constellations, which will use electric
propulsion for orbit transfer and other functions on more than
200 satellites in total.

Furthermore, Alcatel is busy with the development of
SKYBRIDGE, a satellite-based system designed to provide
global access to interactive, multimedia communications.
Built around a constellation of 80 low earth orbit satellites,
SKYBRIDGE provides the communications infrastructure
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for a full range of broadband services, including Internet
access and high speed data communications. The EP thrusters
to be used on SKYBRIDGE are of the class of the SPT-100
thruster, while more powerful thrusters will be necessary for
TELEDESIC and IRIDIUM+. The development of such an
engine in Europe has been initiated recently in the following
activities:

-High Power Electric Propulsion Thruster: Development and
Qualification

In this activity a new high power (> 3.0 kW) electric thruster
will be developed by Matra Marconi Space (UK) and its
subcontractors, DERA (UK) and Inasmet (E). This activity is
co-funded by ESA and industry and will include also a
lifetime qualification test to be performed in a new European
large test facility for EP, being built in Italy by Centrospazio.
The thruster selected should also be suitable for a new
generation of GEO platforms. The high power thruster
development activity will address all the critical technical
issues leading to the development of a high thrust engine.
This activity started in March 1999 and the qualification of
the new engine is expected in 2001.

-Power Processing Unit for High Thrust Electric Propulsion
Thruster for GEO Transfer

This activity, performed with funding from Belgium, will
cover the design and development of a power processor and
thruster switching unit for a high thrust EP engine. An ESA
contract on this subject is currently being initiated with
ETCA (B).

3. Electric Propulsion for Scientific Satellites

3.1 Electric Propulsion for Primary Propulsion of
Interplanetary Missions

The use of electric propulsion for scientific spacecraft is
recognised as an important step to enhance missions, and
projects are being proposed everywhere to validate in the
short term the use of EP for Interplanetary Missions.

For such missions, replacing or augmenting chemical
propulsion with electric thrusters as the main (primary)
propulsion system can introduce the following benefits:

- an increase in net payload mass (enable missions otherwise
impossible)

- a reduction in flight time with respect to chemical
propulsion (reduction in mission operation costs)

- independence from launch window constraints, which are
imposed by the classical gravity-assisted planetary fly-by
operations (increase of the scientific objective of the
missions)

- possibility to use small/medium launch vehicles (substantial
launch cost savings).



The specific mission requirements, in terms of power
availability, satellite mass and mission profile, dictate the
choice of the EP technology to be used.

As it happens in the USA, also in Europe initiatives are taken
in this direction and activities for the following missions have
been started by ESA:

Small Missions for Advanced Research in Technology
(SMART-1)

In the ESA Horizons 2000 scientific plan, a series of small
missions, dubbed SMART (Small Missions for Advanced
Research and Technology) have been recently introduced, to
qualify technologies prior to their use on ESA's Cornerstone
missions and to increase the number of flight opportunities
for science instrumentation and related technologies. These
missions will test key technologies making use of small or
micro satellites launched as piggy backs on Ariane 5, or of
available flight opportunities. Their cost should be in the
order of 50 KEuro and they are conceived as joint ventures
with Industry and/or ESA Member States.

The first of these missions, SMART-1, is devoted to the
demonstration of innovative and key technologies for
scientific deep space missions, and, in particular, the Solar
Electric Propulsion used as primary propulsion system’.

Due to the launch options and the limitations on the
propulsion system to be used on this mission, two types of
planetary bodies can be reached: the Moon and Earth
crossing asteroids or comets, generally classified as Near
Earth Objects (NEO). The Moon was finally selected as the
target for SMART-1. An artist view of the SMART-1
spacecraft orbiting the Moon is shown in Fig.3.

The programmatic framework of SMART-1 is related to the
special measures within ESA for geographical retun
compensation of some Member States (Sweden and
Switzerland). The delta-phase B of the contract is expected to
be completed in summer 1999 by the Swedish Space
Corporation (SSC) and the Phase C/D of the mission will
start just after. The launch of SMART-1 will be early 2002.

The importance of the solar electric primary propulsion
(SEPP), i.e. electric propulsion fed by sun-generated
electrical power and used as the spacecraft main propulsion
system, was largely recognised in past studies. SMART-1
shall demonstrate the use of SEPP on a small mission, but
representative of a future deep-space science mission.
Therefore the emphasis is placed on the common system
aspects, rather than on the choice of a particular engine,
which is more mission specific.

The electric propulsion system for SMART-1 is defined and
procured by ESA as a "customer furnished equipment" to the
satellite Prime Contractor.
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Fig.3 — The SMART-1 Satellite (courtesy Swedish Space Corp.)

Due to the mass limitation of the spacecraft and the
consequent limitation in the electrical power (around 1.2 kW
available for the EP system at BOL), the thruster to be used
for SMART-1 had to be a scaled-down version of the engine
which will eventually be used on future operational missions.
For this reason, the candidate engines for this mission were
the ones currently available for the NSSK of GEO telecoms,
and in particular the PPS-1350 Hall-Effect Thruster (SEP),
the RIT-10 ion engine (Daimler Chrysler) and the UK-10 ion
engine (Matra Marconi Space).

The PPS-1350 thruster has been preferred by ESA for this
mission at the beginning of 1999, in view of its better
qualification status with respect to its competitors.

Mercury Cornerstone.

ESA’s Horizon 2000+ scientific programme includes a
Cornerstone mission to the planet Mercury 8. A mission to
Mercury is inherently complex due to the high energy
requirements and the hostile environmental conditions. For
this mission, electric propulsion transfer phases offer



significant mass-saving advantages compared to chemical
propulsion, in particular if used in combination with gravity-
assisted manoeuvres. However, the mission feasibility,
mainly in relation with the harsh environment of Mercury,
has to be evaluated in the context of the whole programme
development. An industrial feasibility study for a mission to
Mercury based on the use of EP has been awarded by ESA to
Alenia Aerospazio (I) with Dornier Satellitensysteme (D) as
subcontractor °. The current mission configuration is based
on a “cruiser” which will deploy nearby Mercury an “orbiter”
and , possibly, also a minisatellite and a small penetrator. The
“cruiser” and the “orbiter” propulsion system will be based
on gridded Ion Engines or SPT. The study was completed in
1999 and has confirmed the feasibility of such a challenging
mission, therefore opening the door to technology assessment
and, if necessary, development of the EP system.

Fig.4 — Concept of Mercury Cornerstone Mission

3.2 Electric Propulsion for Fine Pointing and Drag-free
Scientific Spacecraft

The very low and highly controllable thrust levels provided
by some electric propulsion technologies enable a new
category of missions, which otherwise would not be possible
due to the fine pointing and drag-free spacecraft
requirements. European ion engines and, in particular, Field
Emission thrusters are specifically suitable for missions
requiring thrusts in the sub-millinewton level with accurate
control capabilities.

A complete Field Emission Electric Propulsion (FEEP)
system development at Centrospazio (I) is being funded by
ESA in the framework of the TRP programme !°, aiming at a
flight demonstration of the system in the year 2000 on a
Shuttle Get Away Special (GAS) facility. The FEEP GAS
experiment assembly is shown in Fig.5.
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FEEP MODULES

Fig. 5 — FEEP Flight Experiment on GAS (courtesy Centrospazio)

These Centrospazio FEEP thrusters are also being considered
for precursor tests of the drag-free concept, which is a key
enabler for a number of new scientific missions currently
being proposed both in Europe(e.g. LISA) and in the USA. A
similar precursor mission, called ELITE, is currently under
investigation in ESA. The use of FEEP thrusters is also being
considered as propulsion system for microsatellite platforms.
In particular, the application of FEEP is being investigated on
the Italian microsatellite platform MITA (150 kg class),
developed by Carlo Gavazzi Space, which will be used for
scientific and commercial applications.

A second field emission thruster concept, derived from a
flight proven space charge compensator is also being
investigated at the Austrian Research Center (A) under ESA
TRP/GSTP funding .

With its FEEP system, Europe has a unique expertise in the
field of low thrust electric propulsion for application at
micronewton to one millinewton levels with high control
capabilities. This expertise is also recognised outside Europe
and missions are proposed which will use this technology.
ESA supports development and flight test of the FEEP
system, in preparation for its use for new scientific missions.

The most important scientific missions currently being
proposed by ESA, which will be enabled by the use of EP
systems for fine pointing, drag compensation and other in-
orbit operations, are the following:

Laser Interferometer Space Antenna (LISA)

The primary objective of the LISA mission is to detect and
observe gravitational waves from massive black holes and
galactic binary stars 2 in the frequency range 10™ to 10™! Hz.
Useful measurements in this frequency range cannot be made
on the ground because of the unshieldable background of



local gravitational noise. The mission is currently proposed in
the framework of the Horizon 2000 Plus programme of ESA.
The current LISA missiont concept is illustrated in Fig.6 and
consists of six identical spacecraft forming an equilateral
triangle in space with two closely spaced (200 km) ‘near'
spacecraft at each vertex. The lasers of both spacecraft are
phase-locked together, thus behaving effectively as a single
laser. Each of the two neighbouring spacecraft tracks a
spacecraft at each of the other two distant vertices. Two
central spacecraft correspond to the central mirror of a
Michelson interferometer, while the two distant spacecraft
correspond to the two end mirrors. When a gravity wave
passes through the system it causes a strain distortion of
space which will be detected by measuring the fluctuations in
separation between proof masses inside the spacecraft. The
separated masses constitute the arms of the interferometer.

Fig.6 — The LISA Mission Concept

The measurements are performed by optical interferometry
which determines the phase shift of laser light transmitted
between ‘free-floating' test masses.

The success of the mission is based on the performance of
such a sophisticated accelerometer concept, which must work
under drag-free conditions. The drag-free control of the
spacecraft will be provided by FEEP thrusters. Higher thrust
EP systems could be used for the orbit transfer phase of this
mission.

The spacecraft configuration is shown in Figure 7 and
consists of a central cylinder with a diameter of 2600 mm and
a height of 700 mm. The control torques and forces for the
attitude and drag-free control during the operational phase are
provided by FEEP thrusters which can provide a controlled
thrust in the range of 1 to 100 pN, with a noise below 0.1 uN.
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Fig.7 — The LISA Satellite

Six clusters of four FEEP thrusters each are mounted on the
spacecraft side equipment panels. The major force to be
compensated is the solar radiation pressure force of
approximately 50 uN.

Similar mission concepts, still based on the use of the FEEP
technology, are being proposed in the USA.

GAIA

GAIA is an advanced astrometric mission proposed, in 1995,
as a Cornerstone Mission within the ESA Horizon 2000+
science plan '*. The GAIA mission main objective is to
perform a global astrometric survey of the whole sky, with
unprecedented accuracy (2-3 orders of magnitudes more
accurate than the successful ESA Hipparcos satellite, and five
orders of magnitude more accurate than ground
observations). Such performance will make possible a star
catalogue 10,000 times larger than Hipparcos, with
observation of 1 per cent of the total number of stars in our
Galaxy. Direct distance determination of objects from the
galactic centre and information on gravitational light bending
will be achieved.

GAIA will uniquely address astrophysical issues such as:

- the formation and evolution of our Galaxy

- dynamics of the Local Group Galaxies

- the occurrence and statistics of planetary systems (some
200,000 stars within 200 parsec will be rigorously
scrutinised for the presence of Jupiter-mass planets)

- wide angle space metric analyses

- the luminosity and dynamics of rare astrophysical objects.

GAIA will employ interferometers to measure distances and
motions of tens of millions of stars throughout our Galaxy.



Electric propulsion (FEEP) thrusters at millinewton level are
currently baselined as actuators for the attitude and orbit
control system of the GAIA spacecraft.

IRSI-DARWIN

Space Interferometry was identified in the ESA long-term
programme for science as a potential candidate among space
projects planned for after the turn of the century.

In the framework of this science technology area, the
“InfraRed Space Interferometry Mission” IRSI-DARWIN or
DARWIN for short) is a cornerstone candidate in the ESA
“Horizon 2000+ science plan. The goals for this mission is
for the first time to detect terrestial planets in orbit around
other stars than our Sun and to allow, also for the first time,
high spatial resolution imaging in the approximately 6-30 pm
wavelength region.

A mission feasibility study is being performed by Alcatel
Space and the IRSI-DARWIN mission concept is presented
in Fig.8.

A constellation of spacecraft will form the interferometer and
will rely on electric propulsion to perform orbit and attitude
control and reconfiguration of the cluster of satellites. In
particular, FEEP thrusters might be used to perform attitude
and orbit control, orbit phasing and distance control, while,
for the higher thrust applications (10~80 mN), the use of ion
engines or SPT is currently envisaged.

Fig.8 — The DARWIN Mission Concept (courtesy Alcatel Space)

Collaboration and joint demonstration opportunities for the
DARWIN concept are currently being investigated by ESA
and the USA.
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XEUS

XEUS is a potential follow-on to ESA's Cornerstone X-Ray
Spectroscopy Mission (XMM), currently nearing completion.
XEUS is under study as envisaged by the ESA Horizons
2000 Survey Committee, who recommended “analysing the
potential offered by major high energy astrophysics facility
within the Space Station Utilisation Programme”.

XEUS will be a permanent X-ray observatory in space
providing a telescope aperture equivalent to the largest
ground based optical telescopes.

XEUS will consist of two separate spacecraft that are
launched into low Earth orbit by a single Ariane V.

The mirror spacecraft (MSC) will be a slowly spinning
spacecraft that contains the X-ray mirrors, their baffles, two
docking ports, and an attitude control system.

The detector spacecraft (DSC) will contain the focal plane
instrumentation, coolers, a single docking port, and an
attitude and orbit control system (AOCS), based on
Stationary Plasma Thrusters, capable to provide an alignment
accuracy of less than one cubic millimeter with respect to the
MSC.

The DSC concept is shown in Fig.9.

View of anti-sun side
DSC in typical observation
mode attitude

2x Optical MSC1
tracking system

Detector baffle

\\

d ~~ Payload radlators
. Docklng port (MSC)
DSC structure (2.8m cube)

B\it OCS thruster

stations ((3+1)x280mN each),
octahedral geometry

2x Solar array wings,
12 panels each

Fig.9 — Concept of XEUS Detector Spacecraft (DSC)



The two spacecraft will deploy following launch and
maintain a separation of 50m, corresponding to the focal
length of the mirrors. :

The DSC will include an orbital transfer motor which will
allow it to dock with the MSC and for the mated pair to be
moved to the ISS for expansion and refurbishment activity.

By making use of the ISS and by ensuring in the design a
significant growth and evolution potential, XEUS will remain
at the forefront of high-energy astrophysics research for the
foreseeable future. After completion of the initial 4-6 year
mission phase, XEUS will rendezvous with the International
Space Station for refurbishment and to allow the addition of
extra mirror area.

With different cycles of docking and operations, XEUS will
reach an active life of more than 20 years

The XEUS mission feasibility is currently being studied by
ESA. ’

4. Electric Propulsion for Scientific Earth
Observation
4.1 Electric Propulsion for “Earth Explorers”

Earth Explorer Missions are research/demonstration missions
in the post 2000 time frame of ESA, investigated in the
framework of the Earth Observation Preparatory Programme
(EOPP), with the emphasis on advancing the understanding
of the different processes which help govern the Earth
system. Electric propulsion is currently being considered as a
key enabler for some of these missions to perform tasks,
sometimes different from the ones of conventional
telecommunication spacecraft, such as actuators in
sophisticated control systems (precise thrust control), drag
compensation for orbit maintenance, drag-free environment
enabling. Due to the different requirements imposed by these
missions to electric thrusters w.r.t. conventional applications,
assessment of existing FEuropean electric propulsion
technologies (thrusters and peripherals) are currently being
performed, to identify the best candidates for these
applications.

The first European Earth Observation mission interested in
the use of electric propulsion is presented here.

Gravity and Ocean Circulation Explorer (GOCE)

The Gravity and Ocean Circulation Explorer (GOCE)

mission is one of the most likely selected candidates for the

next phase of EOPP %,
GOCE is designed to measure the Earth's gravitational field
to the accuracy of 2 mgal. This mission is unique, in that it
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aims at the sustained operation of a complex spacecraft at an
altitude where re-entry would normally be expected within a
very short period of time. At this altitude, between 250 and
300 km, the residual air drag will be very significant,
therefore a continuous thrust must be applied along the
velocity vector to counteract this drag and to establish a drag-
free environment on the spacecraft.

Electric propulsion is essential to the GOCE drag free
control. Its utilisation for orbit maintenance instead of
conventional hydrazine allows to save hundreds of kg of
propellant and eliminates the sloshing. In addition, its
utilisation for drag compensation allows to counter also the
low frequency terms of the drag, thus increasing the overall
performance.

Two parallel industrial studies on the GOCE design have
been performed by Daimler Chrisler (D) and Alenia Spazio
(I), which have proposed different spacecraft options, with
different requirements for the propulsion system (Fig.10).
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Fig.10 — The GOCE Concept (courtesy Alenia)



The low thrust technology (up to 10 mN) today discussed in
greatest detail for GOCE 1is electrostatic propulsion,
specifically the gridded ion engine concepts currently under
development or qualification in Europe. The gridded ion
engines considered are the RIT-10 and the UK-10 as
developed for Artemis (see before), but with new electronics,
and another low thrust ion engine being developed in Italy by
LABEN/Proel Tecnologie. This thruster, called RMT
(Radiofrequency with Magnetic Field Thruster) is
specifically being developed for thrust levels in the 2+12 mN
range, for applications on small satellites '*. Currently RMT
prototypes have been successfully manufactured and
characterised under contract of the Italian Space Agency
(ASD).

Ion thrusters will be used in GOCE in a new way and this
will require specific development. Ion thrusters have been
developed to provide maximum thrust in an intermittent
fashion. In the case of GOCE it will be necessary to modulate
the thrust so that it exactly matches the aerodynamic drag.
On-going investigations have already verified the basic
suitability of the existing European ion-thrusters to operate in
the modulation regime demanded by GOCE.

Other European Activities on Electric Propulsion

Additional important European activities/initiatives related to
electric propulsion are mentioned in the following list:

- Assessment of the use of electric propulsion on future
challenging missions such as: Solar Orbiter (SOLO), Venus
Sample Return ', Mercury Sample Return, International
Mars Exploration Initiative (ESA/ESTEC)

- Developement of a very large European testing facility for
electric propulsion (Centrospazio - I)

- Development and qualification of a low-power Ammonia
arcjet for AMSAT P3-D (IRS - D) "

- Investigation on Hall-effect thruster physics (CNRS - F) '8
- Development of models for the interactions between
electric thrusters and spacecraft (Matra Marconi Space,

Alcatel, ONERA - F) 120

- Lifetime test of RIT-10 Thruster
(ESA/ESTEC, Daimler Benz - D)

for ARTEMIS

- Study of an electric thruster testing facility on the
International Space Station (IRS - D), Centrospazio-Caen-
Gavazzi - I)

- R&D on MPD thrusters (Centrospazio - I, University of
Rome - I, IRS - D)

10.

11.
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