THE SPACE BRANCH

_:On the occasion of the Plenary Session “Space Agencies
: Forum”, 11 September morning, Dietrich Knoerzer,repla -
h_*:cmg Jean-Jacques Dordain, Director General of ESA, obli -
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— The European Commission has adop ted the European
Policy Document,which reflects the key strategic impor-
tan ce that space systems and space appli cations have for
Europe.

—Itis a joint policy document of the European Commission
and the European Spa ce Agency.

— On 22 May 2007,it was presented to the Space Councila
joint meeting of EU and ESA CouncilsThe Resolution
shows for the first time their strong politi cal support at
European level.

Some key-points and figures concening Space in Framework
Programme 7 (FP7)

Calt 2009
Cali 2007

il

Draft Annual Budget: Commitment profile 2007-2013

ment and Security), i.e. € 1.2 billion , including for dedica-
ted space infrastructures;

o About 15% for strenghtening space foundations and cross-
cutting issues.

Some words about GMES

e GMES is the next EU flagship for space after Galileo. It is
an EU-l ed initiative in which the Commissionwillmanage
actions for identify ing and devel oping servi ces relying both
on in situ and remote sensing data whilst ESA will impl e-
ment the space component.

e Succe ssiveacti ons:

- Rand TD, aimed at supporting the development of new
capacitywhere need ed and at exploring conditi on for long-
term sustainability;

—Development and validation of pre-operational GMES
services,starting with the Fast Track Servi ces, followed by
other pilot and downstre am services;

— Integrating Earth Observation with Satcom and Satnav
technologies;

— Support to the coordinated provisionof data (spaceand in
situ) for related projectsin FP7;

- Devel opment of dedi cated space infrastructure for GMES.

e Indicative breakd own of the total amount of resour
ces(€1.2 billion): about 30% foreseen for projects on ser-
vice development; about 10% foreseen for data procure-
ment, both space-based (ESA)and in situ;about 45 % fore-
seen for developing spa ce infrastructure (ESA).

Some words about Strenghtening Space
Foundations

Draft Budget Annual e e Theobjective of this budget chapter is to provide opportu-
Commitment Profile 2007-2013 nities for those actors and activi ties which are currently not
tuubjesct to anewal adaption by budgetary suthorities). | o o - catered for yet at ESA or nati onal leve Lth ereby adding value

to these: support to research in space science and expl ora-
tion;n ew con cep ts in spa ce transportation,space technolo-
gies and critical components;research into reducing the
vulnerability of spa ce-based sy stems.

Timing of the FP7-Space-2007-1(about 134M<€) :
 Novem ber 2007:start of negotiations;

o Early 2008:fir st set of grant agreements sign ed;
Future calls for proposals:

e Biannual Space research calls :2009,2011,2013.




e Potential topics: GMES; Space science and technology;
cross-cutting activities(international cooperation ,cross-

border coooerati on and ERA-NET).

During the Plenary Session “Space Technology Forum”
which took place on Thursday 13 September morning, three
speakers expressed their views concerning the future of
space: Frangois Auque — CEO, EADS Astrium Satellites ;
Evert Dudok — CEO, Astrium Satellites, chairman of the
managing Board, EADS Space Transportation ; Michel Fiat
— CTO, THALES Alenia Space.

The keynote speech delivered
by Fran cois Auque

Among the main messages addressed to the audience, were

the following :
e Space industry evolution

(...) evolutions for space industry will mostly be a direct
consequen ce of Go vernment's ambitions today.It is difficuk
to quantify the magnitude of space servi ces that will be avai-
lable from Galileo,GMES and Military space systems but
infrastructures have to be built now if we want to deli ver ser-
vices in a near future.(...) [ am concerned for Europe when I
see the magni tude of efforts from the US and today from
Russia as welL,for devel oping spa ce infrastructure, in particu-
lar in the field of Security and Defence,and in parallel the
efforts of countries like China and India with similar space
ambitions than Europe had 20 years ago.] am concerned
whenI see the growing gap be tween the range of key appli ca-
tions of space to support space policies in different domains
like: Environment, Climate change, Information Society,
Transport, Security and Defense, Rescarch (in line with the
Lisbon Agenda) and the difficulties from Mem ber States to
take decisions and to all ocate the necessary support for put-
ting in pla ce the infrastru c ture neeed for such appli cati ons.
One of our big challenge for the years to come in our space
domain is to have our stakeholders (Governments, Parlia-
mentarians, Armed Forces)to decide now for results which
will be seen in ten years,or more,from now.

e The ASTRIUM Corporate approach to prepare the future
Four ideas: Efficiency, Duality, Cooperation, Services.
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- Efficiency is a preliminary condition to prepare the
future. This will be even more important in the years to come
for Security and Defense

(---) In 2000, europe an spa ce industry had to face the end of
the Internet dream,the techni cal difficukies of Ariane 5 and
the emerging launchers competitors,mainly coming from
Russian products(...). In less than 3 years, EADS has compl e-
tely restucturd its spa ce sec tor,wi th a heavy rati onalisati on of
its compe tence centers in Europe.(...) As are sult,Europe has
regain ed market shares in the field of launches wi th Ariane 5
succe sses, in the field of Satcoms (...) and of our Astium E/O
exports (Thailand,Algeria, Korea,...).

— Duality is a reality and a chance for end users

The first duality is between Defence and Civil appli cations
of space.(...).Duli ty exists as well in services.(...).

This brings us to another duality:the duality of the markets
between institutional and commercial customers.
Arianespace is a PPP, a Public Private Partnership. Intere sts
and duties of instituti onal: I mean governments,and of pri-
vate industries such as EADS are merged in Arianespace.
Through this PPP,the government sharing the cost of auto-
nomous access to space with private users/operators,we
obtain a guaranted return of hi gh value work in contributing
countries,wh en industry provides a reliable and competitive
launcher thanks to increased production rates to satisfy the

commercial market (...).

— Cooperation : space is a vehicle for international coopera-
tion today and for the future

(-..) with the creation and development of Astrium,we inte-
grate spa ce activities in five countries: France, Germany, UK,
Spain and Nethedands, completed with long lasting indus-
trial partnerships in Italy, Sweden, Belgium, Switzerland...
and the ability to com bine national assetsis a real chance for
Europe.(...).

In Europe we have 3 chall enges ahead of us,which wi ll be key
for the next twenty years:to enlarge the cooperation to
European new comers and future partners;to develop the
space european cooperation for security and defen ce;to
remotivate our governments on the strategic and economic
importance of space systems (..). Another aspect is the
cooperation between Europe and other countriesI can men-
tion of course the cooperation with US for the ISS. Missile
Defence could be an area for transatlantic cooperation,at
least through NATO. GMES as an element of GEOSS is
another opportunity. Cooperation with Rusia is not new,in
launchers through our subsidiaries Starsem, Eurockot, and
EADS has enlarged the cooperation in satellites through a
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subsidiary, Synertec with a Russian partner-RNII KP-. Our
su cce ssful cooperati on wi th ISRO for pooling our competn-
ces for small satelli tes is already a success with two orders:
EutelsatHy las. Defini tely Europe and the European industry
will reinforce their cooperation wi th the rest of the world in
the coming year s. This is the only way to have acce ss to insti-
tuti onal marke ts.

— Services :the future of Space lies in a large extent and more
and more with our ability to deliver services to the end user
As existing examples:imagery, launchers,astronaut training,
several expl oi tati on activi ties associated wi th the ISS. But we
had to go a step beyond to bring more added values to our
customersThis is what Astrium is succe ssfully doing with
Paradigm (Paradigm mec hanisms: international competi-
tion, negotiation on new parameters-servi ce, finan ce, insu-
rance, third parties, customer’s satisfaction). As a result
through Paradigm, we: contribute to public spending savings
(best value for money); give the customer full benefit of
“state of the art” sy stems;open the door to new servi ces (A stel
5-Willfare); give our industry new market per spectives.

The keynote speech delivered
by Evert Dudok

The approval of the European Space Policy in May 07
under the German EU-Presidency s a real step forward for
the definiti on of the role of Europe in spa ce, which is now in
line wi th the European poli tical and econ omic power.

Space is an important issue on the world market, and it will
become even more important in the future because of new
applications in the civil, environmental and security area.
With the 5.5 b€ per year for space, Europe is still keeping a
strongpositionin the world.

It is “harvest time”:

— Columbus and ATV launch in the next months, start of
scientific activities on the ISS ;

— The ESA science programme can be considerd as a top
extraterrestrial programme in the world (Titan Landing,
Mars- and Venus-Express) ;

— Very good performing ARIANE 5, Soyuz in Kourou is
coming 2008/09 ;

—Excellent meteorological capabilities with EUMESAT
(Me teosat, Metop) ;

— Outstan ding earth observation instruments like the radar
Satellites TerraSar and Cosmo ;

— Competitive Europe ansate li tes in the world tel ecom market.

— On the instituti onal side:

e “Space” in explicitly mentioned in the new treaty of the
Europe an Uni on!
e Increasing budge ts in Germany
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The imperative tasks for the next 5 years:

e Bring Galileointo orbit; based on the pre-d evelopment of
the first 4 satellites.

e Further implementing the GMES-Missions: National
Missions, ESA-mission and Eumetsat-mission with strong
finan cialsupport from the EU; starting with the core servi-
ces in 2008 (I think that we have to be more explicit on the
importance of having a permanent funding from EC to
maintain the nece ssary infrastructures andanother role for
them is to act for be tter fed erating the public demand).

The challenges for the next 10 — 20 years:

The ESA-Ministerial conference in 2008 as well as the
French EU presidency in the second half of 2008 will send
out a strong mom entum for this period:

© The urgency of global action with regard to climate
change. Space supports very effective

— Weath er forecast for 10 days.

— Global fire detection around the world
(within a few minutes).

— Disaster warning (storm, flooding, earthquake, ...).

- Environmental moni toring (Kyoto).

— De tecti on of resources (natural resources).

C ooperation of all spa ce nations is nece ssary!

® The increasing threats to global security

— In Europe we have started to built up reconnaissan ce capa-
bilities on national level (SarLupe; TerraSar, Cosmo;
Helios, Pleiades)

— After the step of multinational cooperation (Musis, opti-
cal/radar) Europe and the EU will have the nece ssary num-
ber of military satellites to play its role in the world.
Already 2008 we will have 10 to 15 military satelli tes in
orbit. (can we be more precise wi ll it be 10 or 15?)

— W hat is at stake is to increase the European cooperation
and to pool these capabilities in order to build a stonger
servi ce offer to our Armed forces. This has to be both as a
tool for strategic intelligen ce to prevent crisis and a tool to
support the operations during the crisis.

® Exploration of the solar system

— Europe an robotic missions to moon and Mars, landing and
sample re turn

— Moon will be the fir st step, scientific missions wi thlan ding
on the moon brings:

o Excellent scientific outcome

e High technologi cal spin offs

o Fascination of the young people (motivation)

© Manned Space Transportation
— Europe will have an autonomous acce ss to space for man




space missions. Possibly ARTANE-5 as launcher can be fit-
ted for that

— This will be a political decision from member states and
EU and this could start with those countries which have
already devel opedkey compe ten ces in this domain.

Within the next 20-50 years:
o Space tourism (more than one week in orbit)
e European woman/man on the moon

An adapted version of the keynote speech
delivered by Michel Fiat

Thales Alenia Space and the Satcom Market

In 2007, two years after the merger wi th Finm eccani ca.
Thales repla ced Al catel as a sharcholder. Thales Alenia Space
is now a joint venture between Thales (67%) and
Finmeccanica (33%), along with our “sister” company
Telespazio, in which the ownership shares are reversed.

There has been no change in the organizati on of the former
Al catel Alenia Space; the new Thales Alenia Space is a busi-
ness group of Thales.

Together, Thales Alenia Space and Telespazio form a space
alliance that offers the space solutions expected by end-users,
based on a comprehensive, well-coordinated approach. Telespazio
focuses mainly on satellite infrastructure operations to support
operators, as well as providing satellite services to end-users.
Thales Alenia Space is a major space sy stems manufacturer
wi th extensive verti cally-integrated expertise, from turnkey
sy stem prime contractor to strategic equipment suppli er.

Our convergen ce plan is on track. We are in an excellent posi-
tion to leverage dual civil/military market opportunities by
drawing on the Thales group and coupling space and terres-
trial solutions for telecom applications. From this stand-
point, Alcatel-Lu cent has significantly increased its stake in
Thales, all owing to continue our cooperation, as reflected in
our joint venture for mobile TV.

Our footprint is clearly European. We operate 11 industrial
plants, with a major presence in France and Italy and very
active subsidiaries in Spain and Be Igium.

Market position

Thales Alenia Space’s market focus is clearly on integrated
appli cations, or “systems of systems”. We couple spa ce-based
solutions with new applicati ons for mobile TV, high defini-
tion TV, digital audio broadcasting (DAB), advan ced broad-
casting, local servi ces and low-co st universal rural teleph ony.
The commercial market is strategic for the company,
although 60% of Thales Al enia Spa ce sales are generated by
government contracts. But unlike US industry, we cannot
afford to rely solely on government programs. The commer-
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cial market is therefore of strategic importance to Thales
Alenia Space, which will continue developing its business in
this market.

Number 1 in 2006

Thales Alenia Spa celed the world in sate lli te orders in 2006,
signing contracts for eight geostationary satellites plus 48
second-generation Globalstar satellites. In fact, European
industry won half of all orders worldwide in 2006, thanks to
tremendous efforts to enhan ce competitiveness to overcome
an ever-weaker dollar.

Thales Alenia Space is deeply involved in a number of
Europe an go vernment missions. In space science and explo-
ration, for instance, we are prime contractor for the ambi-
tious Exomars mission design, Goce, HershelPlanck and
part of the Cassini/Huy gens missionto Saturn and Titan. In
satellite navigation systems, Thales Alenia Space is prime
contractar for Egnos, and is play ing a key role in Galileo.
Thales Alenia Space is also an acknowl edged specialist in
meteorological and ocean ographic systems and satellites,
through Me teosat / MSG and the Jason series, as we llas ra dar
and optical observation sy stems, including the first Cosmo
SkyMed satelli te launched succe ssfully this past summer. In
the defence sec tor, Thales Alenia Spa ceis involved in a num-
ber of communi cations and observation satellites and sys-
tems, including major programs such as Syracuse 1,2 and 3 in
France, Sicral in Italy, and a participation in Germany’s
SarLupe satellites.

The other major business sec tor for Thales Alenia Space is
orbital infrastructures and transportati on, with a major role
on the Internati onal Spa ce Station. Our plant in Turin, Italy
is supplying fully half of the pressurized volume on the ISS,
including the MPLM, nodes 2 and 3 and Cupola. In addi-
tion, it is making a significant contributi on to the Columbus
laboratory and the ATV cargovessel.

Market trends

Market conditions today are robust, and the recovery that
started in 2006 is continuing in 2007. We are expecting a
steady stream of orders, which should stabilize at about 20
satelli tes a year for at least the next few years.

Looking bey ond this short-term view, we can’t just extrapo-
late from current trends. We must consider how changing
conditi ons around the world wi ll impact the development of
spacebusiness, while assess ing wheth er the requested appli ca-
tions are techn ol ogi cally feasible and afforda ble.

Many different approaches are possible, but there are certain
key geopoli ti cal factors.

Space has always involved cooperation, and this is not going to
change. But there are two opposing trends — strictly national
policies, versus internati onal or regional cooperation — and this
will certainly impact the development of spa ce business.
Socio-econ omic factors should be considered in conjunction
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wi th geopoli tical factors. The expected growth will largely
depend on the degree of liberalisation and international
cooperation, more specifically wi th developing countries.
Last but not least, environmental and energy issues will have
a direct impact on the level and focus of research invest-
ments. This in turn has a significant effect on technology
development, especially in the following areas:

e space expl oration & science

o civil space infrastructure

e commercial space

o mili tary appli cati ons and commercial spin-o ffs.
However, we cannot afford to wait for a definitive answer to
these questions. Given the uncertain situation, we have to
maintain our flexibility.

Driving flexibility

O perators today want to depl oy a comple terange of satellites
to address a variety of marke ts across a variety of frequency
bands. Thales Alenia Spa ce of course offers a very lar ge port-
folio of soluti ons addressing all of these needs.

For the time being, we still consider that there are several
main drivers to support this flexibili ty.

First, pursue Thales Alenia Space’s “multi-market” approach,
to be able to draw customers from three spa ce sec tors, namely
commercial, civil and military.

Civil (governm ent/state agency) and mili tary marke tsare less
sensitive to gen eral economic conditions. Theyare characteri-
zed by natiomal procurement policies with industrial “cham-
pions” and strong R&D policies with preparatory programs
(conception, design preliminary developments). There are
also certain constraints, especially with ESA rules on geogra-
phical “fair re turn”, which imposes worksharing and does not
always lend itself to op timi zing in dustrial capabilities.

Nevertheless, in Europe the civil and military markets alone are
not enough; we are far from a US model where major compa-
nies can stick to this market. In consequence, the commercial
market continues to play a strategic role, and the two markets
must co-exist. The commercial market is characterized by open
competition on price and performance (and track record),and
there is obviously no R&D support from customers.
Second , Thales Al enia Spa cebelieve that the increasing civil
demand for security, impro ved environmental moni toring,
traffic management and re sponses to natural or man-made
disasters can and should be anticipated thro ugh a multifa ce-
ted approach:

e coordinati on at go vernment level;

e increasing expertise in systems of sy stems and embedded

securi ty (software appli cati ons);

e investing in basic technology to support this increased

need for securi ty.

Thales as a group has strong assetsin these areasand willacti-
vely support these initiatives.
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In short, a dual approach should be key for Thales Alenia
Space, based on the management of different ob jectives and
drivers to foster fruitful cross-fertilisaton: civil / military,
commercial / governmental, national / export, fixed/mobile
and sat / terrestrial, as reflected in our recent joint initiative
with Al catel on mobile TV.

This dual approach willhelp grow the market, identify inno-
vative project funding methods, and support the spread of
technologies.

Current market for satellite systems

The open market for satelli te sy stems in 2007 is estimated at

slightly over 212 billi on, with a product mix very similar to

Thales Alenia Space’s own sales distribution. In term of

growth, we expect the following over the next 10 years:

- an aAlmostflat commercial market:

o with replacement of existing satellites in a smarter (more
flexibk) way;

e mobile and HDTV development.

— 5% average growth in the civil and military markets, driven by:

e US expl oration programs;

e higher ESA/EU contributi on;

e ambitious spa ce programs in China, Russia, India and Japan;

e milsatcom sy stems

o surveillan ce & reconnaissan ce and navigati on programs.

However this expected growth will only be realized if

Europe an go vernments are wi lling to invest more in spa ce.

Recent launcher losses will certainly increase insurance pre-

miums, launch pri ces and launch manifest conge st on, as well

as shaking industry confidence. Even though insuran ce bro-

kers remain optimi stic that the market can absorb these los-

ses, we do need to offer a complete value chain competitive

with terrestrial solutions — but these soluti ons keep boosting

their own perfoman ce and innovation.

To maintain and develop its business, space has no choice.

We must:

e reduce costs

e add value to services

o create and deve l op new appli cations.

Cost reduction has to be a shared effort amongall players. On

the satellite side, Thales Alenia Space believes in the need for

strategic partnerships to provide components or subsystems.

The aim is to developthese as in creasingly interoperable com-

modities, while focus ing our efforts on keydifferentiators.

The recent Globalstar II contract award ed to Thales Alenia

Space proved the effectiveness of a design-to-cost approach.

This was based on a concurrent design phase involving the

end-customer and prime, all the way down to low-tier sup-

pliers, com bined with an aggressive gl obal selec ti on of best-

in-class suppliers.

In this quest for competitiveness, we must not forget the

need for plug and play user terminals, offering high perfor-

mance at low cost.




Applications

Before addressing technology issues, we should take a closer
look at the appli cations that will shape the future of space. In
my view, besides specific military needs in the short/medium
term, space appli cati ons will remain foc us ed on the foll owing:

1) Navigati on, since the increasing mobili ty of people and
goods demands major infrastructure upgrades for air
transport, road transport and public transport. Space will
undoubtedly play a key role in several critical areas:

— fleet & traffic management (air, road, sea, space);

—location based servi ces (informati on and navigati on servi-

ces, tracking services and network-related services to
improve communi cati ons acce ss);

— search & rescue (for emergen cy assistan ce).

2) Earth observation: space still offers unrivalled “big pic-
ture” capability, even as it is challenged by alternative techno-
logies (unmann ed vehicles in particular), in addition to its
traditional role in military C3I systems, (communi cation,
command and control, intelligence). A wide range of civil
appli cati ons are called on by public organisati ons:

— environment (meteorology, natural disaster prevention,
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oce an ography, etc.);
— land servi ces (farming, urban planning);
— explorati on and management of natural resources.

3) Telecommuni cati ons, undoubtedly the market segment
most challenged by terre strial alternatives. But demand for
mobile and remote area communi cati ons should remain
high and spa ce can capitalize on excellent assets.

The growing cost of transportati on should also open several

appli cati on marke ts to spa ce sy stems, including distance lear-

ning, telemedicine and bridging the digi tal divide.

An increase in broadband demand will certainly spill over

into spa ce appli cati ons, for multim edia entertainment or e-

commerce.

Looking further ahead, the trendy new market of space tou-
rism will depend to a great extent on economic grow th and
theability to reduce the cost of acce ss to spa ce while guaran-
tee ing high reliability.

Scientists will continue experiments in spa ce, but spa ce borne
producti onremains a highly hypotheti cal proposition.

In short, the outl ook s positive, but nothing can be taken for
granted!

PAVING THE WAY TO FUTURE SPACE TRAN SPORTATION

Backround

The industrial activities related to the Interm ediate
eXperimental Vehicle (IXV) started in early 2005, when the
coexistence of several ESA and national activities on re-
entry and the sensitivity of the re-entry subject in Europe
necessitated special effort to all ow the creation of one single
ESA project able to federate the consensus of the largest
num ber of Mem ber States.

A thorough trade-off was perform ed among several ESA and
national existing con cep ts for re-entry in-flight experimenta-
tion with re spect to shared requirements, including: experi-
mentation (ie. technology and sy stem related), programma-
tic (i.e. technology readiness levels, development schedule
and development cost) and risk mitigation (i.c. design feasi-
bility, maturity, rob ustness and growth po tential). The result
of the trade-off led to the downrselectonof the li fing body
con cept based on the extensive national (CNES: PRE-X)
and ESA (AREV: Atmospheric Reentry Experim ental
Vehicle) efforts done and re sults avai lable.

Therefore, the very carly phases of the IXV project were
structured to all ow the utilizati onof data coming from natio-
nal programmes but sti ll ensuring one single ESA pro ject file

coh erent with ESA techni cal and programmatic ob jectives
and in line with ESA standards for pro ject implementation
(ie. project phasing, reviews, documentation, design and

development meth od ol ogies).

Missionand System Aspects

The IXV is a li fing body hy personic experimental vehicle, to
be launchedand injec ted on a reentry path by the ESA VE GA
Launcher via a suborbital equatorial trajectory, landing on the
Pacific Ocean.

The primary objective of the IXV project is to serve as a sys-
tem demonstrator for re-entry missions, covering all project
phases, from requirements derivation to design, to manufac-
turing and integration, to flight. Furthermore, it provides a
key opportunity to verify in flight critical reentry technolo-
gies performan ce, to coll ect precious aerod ynamics and aero-
thermodynamics data and to derive flight dynamic data via
specific vehicle model identificati on (VMI).

For this reason the IXV willbe equipped with variousinstru-
mentations addressing the main experimentati on ob jectives

including :
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e Thermal protections and hot structures in-flight perfor-
man ce verificati on;

e Aerodynamics and aeroth ermodynamics in-flight data col-
lection;

o Innovative technol ogy in-fli ght experimentation (i.c. thermal
protection and techniques for health monitoringand GNC).

Withre spect to the overall project, one of the major driving

requirements is the adop ti on of the design-to-cost approach,

leading to several constraints such as:

e Proto-flight approach with dedi cated quali ficaion models
for critical S/S;

e Maximum use of COTS for all techn ol ogies not part of the
IXV experimentation objec tives;

e Simple architecture, but guarantee ing the nece ssary mis-
sion succe ss requirements;

e Possible re-use of existing Software.

Reference Mission Scenario
The IXV referen ce trajec tory was selec ted as the
’I\, re sult of extensive trade-offs performed for several
(} ] seaand ground landing options and the foll owing
le main constraints for the re-entry leg:
e De-orbit maneuvers to be performed by last
i“' launcher stage with debris fall-out occurring in
I oce an or safe area;
eSafety of whole trajectory, with re-entry flight
not over pop ulated landmasses and probability
of loss of human life (pop ulati on flown over) less
than 107;
e Representative aero-thermal-mechanical  re-

entry environment for technologies verification
and experimentati on.
The trade-off led to the selec ti on of the sea lan ding equato-
rial trajec tory to minimize risks on safety (flight over non-
pop ulated areas) and to maximize launcher performance
and, therefore, budge ts for on-board experiments.
After launch from Kourou, the last stage of VEGA, will
inject IXV on an equatorial (5 deg inclination) suborbital
path (apogee about 500 km) towards the foll owing targe ted
re-entry gate inter face conditi ons:

'.:7-....:..:7 el = +
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Figure 1. VEGA reference trajectory - ground track
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Figure 2. IXV reference trajectory-height profile

o Altitude h = 120 km;
o Relativevelocity = 7.5km/s;
o Flight Path Angle =-1.5°.

Once in the atmosphere, the IXV will be autonomously
controlled by the combination of aerodynamic surfaces
(FLAPS) and reactioncontrol sy stem je ts (RCS), employ ing
a hybridized inertial/GPS sy stem for the determinati onof its
state (position, velocity atti tude and rate).

It will take about 20 minutes and 7500 km of down-range
from the re-entry gate to reach Mach 1.6 point (end of expe-
rimentation).

On ce the Mach 1.6 interface is reached at 30 km altitude, a
supersonic ribbon drogue chute will be deployed to slow
down the IXV while ensuring flight stability through the
transonic regime. Then, at Mach 0.3 at an altitude of 10 km,
first a subsonic ri bbon drogue chute andsubsequently, at 3.2
km altitude, the main parachute are deployed to slow down
the IXV to the final lan ding touch-down velocityof 6 m/sec.
The IXV willbe able to float by itself; however two flotation
devices will be deploy ed for backup purposes. The IXV will
thenbe recovered and transported back to Europe to ground
AIV facilities for post-flight inspec ti on and analysis.

During the whole trajectory (ascent, coast, re-entry and lan-
ding) the IXV will be continuously tracked from various
ground stations which will also provide the means to down-
load the important vital and experimentation data in real-time.

Vehicle Performance and Subsystems

The consolidated 4.4 m long IXV aerodynamic shape with
lift/drag = 0.7 results from a detailed management of several
design requirements, including maximization of the internal
volume to ensure the vehicle layout feasibility and complian ce
with MCI constraints.

Detailed and accurate acrodynamics and acrothermodynamics
databases are essenti al to perform key design and analysis tasks
at system and subsystem level, such as flying qualities analysis,
TPS sizing activities, and so on. For this purpose extensive
computational fluid dynamics (CFD) computations (Euler
and Navier Stokes) have been performed and will be perfor-




Figure 3. CFD Flowfield around the IXV acro-shape

med continuously along the project development phases to
support the differnt design loops, as well as extensive wind
tunnel testing campai gns in a varie tyof European wind tunnel
test facilities. The flow regimes cover hypersonic down to
transonic speedss.

The In-Fli ght Measurem ent Sy stem will be responsibk for col-
lecting and distributing the various measurements need ed to
fly the vehicle and to meet the experimentation ob jec tives.

Conclusiors

The development and fli ght experien ce of such an integrated
system will provide Europe with relevant know-how applicable
to several space fields in addition to reusable launchers, such as
sample re turn missions, crew transportation, atmospheric pla-
netary entry missions (Mars, Venus, ...), non-atmospheric pla-
netary and interplanetary entry missions (Mercury, Moon,
NEOQ, ...), space tourism.

With the ob jective to identify to which extent the IXV fli ght
experience is contributing to the increase of European kn ow-
how for spaceapplications other than future launchers, a detai-
led exercise was carried out by ESA with its results presented in

the table hereafter.
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Figure 4. IXV Flight
Control System

Although the level of complian ces mi ght appear subjective, the
strategic importance for Europe to advan ce in such critical re-
entry domain is evident.

On the industry side, activities are running at full speed and

heading towards key review milestones, such as System

Requirements Review in December 2007 and Preliminary

Design Revi ew in August 2008.

On the agencies side, while the industrial activities are run-

ning, the highest priori tyis given to the successful completion

of the harmonizati on process with national programmes, tar-
geting:

o the integration of the CNES/PRE-X national data into the
IXV project file for the mission similarities, ensuring consis-
tency in the IXV design loops, with the objective to have a
more consolidated IXV phase-B end design file leading to a
potential reduction of phase-C/D cost for developmentand
risk provision;

o the integration of national technical expertise from
ASI/CIRA, CNES, DLR in the current IXV pro ject team,
with the objective to set-up a solid European team ensuring
proper pro ject implementation and follow-up to flight.
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