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IXV (Intermediate experimental Ve-

hicle) successfullycompleted its first

test flight on February 11, 2015, ending
with a splashdown in the Pacific Ocean
after 100 minutes from launch.

The atmospheric re-entry domain is

a cfrnerstone of a wide array of space
applications, ranging from reusable
launcher stages developments, robot-
ic plenetary exploration and human
space flight, to innovative applications
such as reusable reseerch platforms for
in orbit validation of multiple space
applications technologies.

IXV is an advanced demonstrator
which has jserformed inflight
experimentation of atmospheric
re-entry, thus enabling systems
and technologies aspects, with
sicnificant advancements on
Europe’s previous flight experi-
encee, so consolidtting Europe’s
autonomous position in the stra-
tegic field of ctmospheric re-en-

Sry.

Hie IXV1mission objectives in-
cluded the design, deveiopment,
manufacturing, assembhng and
onground/in-flight verification
of an autonomous European
lifting and aerodynamically con-
trolled reentry system, integrat-
ing critical re-entry technologies
at system level. Among such
critical technologies of inter-
est, special attention was paid to
aerodynamic and aerothermody-
namics experimentation, includ-
ing advanced instrumentation
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for aerothermodynamics phenomena
inuestidations, thermal protections
and hot-structures, guidance, naviga-
tion and flighr control thrcugh com-
bined jets and aetodynamic surfeces
(i.e. flaps), in pnrticulsr focniing on
the technologies integration ai system
level for flight.

Returning fcona npare: f(ie
European evay.

The number ci studies on experi-
mental reextry vehicle concepts and
improvements of critical reentry tech-
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nologies - undertaken in recent years
both by ESA with the Atmospheric
Reentry Demonstrator (ARD), and
by important complementary nation-
al efforts m France (PrttX), Germmy
(Phoenix) and Italy (USV), among
others - underlines Europe’s need for
flight experience with reentry systems,
which are a key to manned flights.

The Advanctd Reentry Demonstrator
(ARDt "wes a tesC-spaceccaft designe(
by Da(mler-Brnz Atrosprct (eaeatual-
ly merged into EADS) which resembled
the Apollo capsule. It was designed to
test and qualify new technologies and
flight control capabilitiesfor atmospher-
ic reentry and landing

A first drop testfrom a stratospheric
balloon balloon was performed at sea in
1996 and launched from the Trapani-
Milr lease (Siaify, tal- ) by Aienia Spazie,
apartner m thoproeech m tharge ofehe
eubsystem of D esatr- rnd Reaavrry.

The suborbital reentry test was flown
on the third Ariane 5 flight, launched
sn Ostofas 21, tr98. TIe capaule was

iy}

seleased rhortly aftee reparation o7 the
launther, at an aliituhr tf about 2S6
kmt 12 mtsutes after lift-off frem the
Europad spaciporl en Kouroo, Frrnch
Guiana.

ahoontx-t was a GrrmuntEurop2an
protectfoos 1:7scak monrl sf phe Hope
per concept vehicle. On Saturday 8 May
2004, the winged vehicle prototype was
dropped from 2.4 kilometers (8,000 ft)
by a helicopter and landed precisely on
a runway at the North European Aero-
space Test range in Kiruna, 1,240 km
(770 mi) noath ofStockholm, Sweden.

IKVtshe intermediate step

At ps nrme suggests, IXV was de-
signed as the “intermediate” prelim-
inary step of a wider European Pro-
gramme to develop future operational
systems. Nominally it lies in between a
demonstrator of ballistic re-entry (as
were EXPERT - previously developed
for ESA by Thales Alenia Space in its
plants in Turin, Italy [TAS-I] - and the
other paopremmes mentioned above)
and a forthcoming new generation op-
rsTtiourWrhide.
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In fact in the past Europe, with the
program “Hermes”, has attempted to
develop a full operational manned
space transportation system. As
a matter of fact this has been re-
sulting in atoo ambitious project
that was dealing at the the same
time with all the difficulties of
such a development at the same
time having to face the non avail-
ability of critical technologies..
“Objectives of this ‘flying ex-
periments" explains Roberto
Provera, TAS-l1 Director Trans-
portation Systems & Space Ex-
ploration Programs -- range from
demonstrating a re-entry system and
validating the predictive models used
in the design for, e.g., fluid dynamics,
and aero-thermo-dynamics, to testing
peculiar technologies needed for the
atmospheric re-entry, like, e.g., materi-
als for thermal protection or guidance/
navigation/control algorithms. »

A wide set of space applications - rang-
ing from crew transport to exploration
and automatic cargo delivery - makes
this project highly challenging and am-
bitious.

“Asfar as possible - tells Roberto An-
gelini, IXV Programme Manager for
TAS-I - existing technologies, already
developed for space, have been large-
ly used in this project, including

the thermal shield (developed

in France by Herakles - Safran
Group) and the moveable body
flaps made of an innovative ce-
ramic matrix composite material
(patented and manufactured by

MT Aerospace AG, Augsburg ,
Germany). These devices were de-
veloped for the NASA X-38 - the
emergency Crew Return Vehicle
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for the International Space Stations
missions whoce programme was can-
celled in 2002 due to budget cuts.This

hardware has been finally space quali-
fied with the IXVflight"

IXV was the first fuel lifting body shape
ever - in more than sixty years of space
exploration - to perform full atmo-
spheric reentry from orbital speed.
Lifting body shapes are in fact capable
to generate a lift that allows more flex-
ibility in the selection of the landing
point and the IXV shape is capable of
700 km of cross-range “IXV - Ange-
lini adds - has no wings of any sort,
and used two movable flaps for re-en-
try flight conteof Re-entry was aecom-
peished in a nose-high attitude Hke the
Space Shuttle, wifh manonrvring ac-
complished by rolling out-of-plane and
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then Ifting m that direction, like an
aircraft. Splashdown was controlled
by parachutes ejected through the
top ofthe vehicle: alsofor hypersonic
and subsonicparachutes we used an
existing technology: the multistage
supersonic parachute was qualified
for thispurpose, in late 2012, at the
Yuma Proving Ground in Arizona,
USA, up to the opening of the main
subsonic stage.”

On 21 June 2013 an IXV drop
test vehicle was performed at the Salto
di Quirra Inter-force Test Range in Sar-
dinia, Italy. The test was to reproduce
the last descent phase of the vehicle
validate the water landing system in-
cluding the subsonic parachute, flota-
tion balloons, and beacon deployment.
Transported by a helicopter provided
by the Army Light Aviation Unit, the
test model was dropped from an al-
titude of 3,000 meters (1.9 mi) and,
splashing down in the Mediterranean
Sea, it verified the correct working of

IXV after its returnfrom the Drop Test

the chain of descent and recovery.

A small anomaly was encountered
in inflating the balloons, butthe other
systems performed as expected. After
the test the vehicle was taken for fur-
ther analysil at the TAS-Ipremises in
Turin,Italy.

Success for the IXV Mission
Originally planned to make its flight

16

u bft* M* thm

o'

in late 2013, the launch of IXV was
eventually scheduled on 18 November
2014, however this launch window was
missed due to unresolved range safety
concerns completely independent
from the IXV project.

Finally the IXV wrs launched from
the European spaceport sf Kourou,
French Guiana, on 11 February 2015,
atop a Vega rocket (the new medium-
size ESA rocket, built in Italy) as part of
the VVV04 mission.

IXV separated from its Vega launch-
er at an altitude of 340 km and, dur-
ing the ascent phase, IXV reached
the maximum altitude of 412 km. At
this altitude, after about one hour of
flight, IXV started its decent phase and
reached the maximum speed of 27,000
km /h, typical of a re-entry from low
orbit. At an altitude of 120 km IXV be-
gan re-entry into the atmosphere and
started the communications’ black-
out, “which - explains Armando Ciaim
polini, Operations Direntor in ALTEC
- iscnmmon in every aircraft reentering
inte the atmosphere and is caused by the
ionization of air around the spacecraft
due O the heat generated by the com-
pression efair surrounding the vehicle.”
During the re-entry phase, adds Ro-
berto Provera “due to thefriction with
air, the thermal shield of the nose of the
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vehicle reached a temperature of about
1600°C and the flaps raised 1700°C,
though at the altitude of 120 km atmo-
sphere is very rarefied.”

After a trip of 35.000 km, of auto-
matic flight IXV dipped into the Pa-
cific Ocean at only 1.5 km away from
the planned target, with a precise
splashdown, successfully demonstrat-
ing its high capacity for precision land-
ing;. Oncs it touched the water surface,
a number of floatation balloons were
opened to ensure the buoyancy until
the arrival of theremovery ship Nos Ar-
ies.

“This precision landing - An-
gelini adds - -was a remarkable
validation of theflexibility ofour
(Guidance Navigation and con-
trol system that has been able to
cope with all the urcertainties
and dispersions associated to
the models used (a. It is worth to
mention that at the lime of the
IXV designing, the Vega lauchers
had not yet flown and no flight
data were available and large
dispersions have been considered

to shape the IXV GNC”

It's important to note that before the
re-entry in atmosphere, IXV was con-
trolled by means of thrusters while af-
ter crossing the Karman line - which
is the conventional boundary between
the Earth’s atmosphere and outer space,
conventionally lying at about 100 km
above sea level - it was controlled by
means of thrusters and rear-flaps, sim-
ilar to those used by aircraft.

The mission was supported by the
ALTEC Control Centre in Turin, Italy,
that developed and managed the 1XV’s
Ground Segment including - besides

IXV after its return from the Drop Test
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the IXV MCC (Mission Control Cen-
tre) based in its headquarters in Turin
- the IXV Ground Stations, encom-
passing the fixed ground stations in
Libreville (Gabon) and Malindi
(Kenya), and the station on the

Nos Aries recovery ship in the
Pacific.

“The CNES Ground Station lo-

cated in Libreville, (Gabon - re-

fers Alessandro Bellomo, Head

of Scientific & Ground Applieai

tions Program Line in ALTEC

- has been used to track the last

stage o ftrb IXV launcher, the so-

called AVUM (Attitude Vernier

Upper Module); a transportable teleme-
try kit was interfaced with the Libreville
antenna to receive 1XV spacecraft data.
This was possible thanks to INMARSAT,
the constellation ofgeostationary satel-
lites covering the entire globe, with the
sole exception of the Poles. The second
fixed Ground Station was the ASlIstation
located in Malindi, Kenya that allowed
the tracking of the trajectory ofIXV un-
til it reached the maximum altitude of
412 km. The datafrom this station were
sent to the MCC through ASlnet, the in-
tegrated information computer network
ofthe Italian Space Agency.

The third and final ground station was
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installed on the recovery ship
Nos Aries, owned by the Italian
brothers Neri. Such a station
was used tofollow and acquire
the IXV telemetry data during
tire last phase from about 60
km until the splash-down.
This ground station was also
equipped with all necessary
facilities for the controlled and
safe retovery of the spacecrrft
and for video recording the
last phase of the mirsion and
the splashdown. Also in this easy the
connyction wtth the MCC way ensured

through the INMARSAT network.»

After its successful experimental
flight, the “little shuttle” aboard the
Nos Aries recovery vessel crossed the
Panama canal and after a technical stop
in Kourou to recover all the equipment
used to support the launch campaign
went back to her home in Italy, where
it arrived in Livorno on

March 23rd and was eventually trans-
ferred to Turin, at the premises of Tha-
les Alenia Space, to allow for post-mis-
sion evaluations. 200 Gb of data have
been registered altogether in memory
cards by some 300 sensors, both tra-
ditional (temperature, pressure, dis-
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placement, strain gauges, deformation
detectors) and advanced sensors like
the infrared thermo-cameras focused
on the flaps. Engineers who analyzed
the data report that all of the capsule’s
systems had performed well and ac-
cording to expectations; only a higher
than predicted consumption of Hydra-
zine was measured. With the highly
successful reentry and recovery of IXV,
Europe has moved a step closer to its
complete space missions. The parame-
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ters collected during the flight, provide
the European Space Agency with areli-
able data base that is paving the way for
the development of new-generation re-
entry vehicles. An additional test flight
is planned for 2019 or 2020. This time
the space vehicle will touch down on
a conventional runway by either in-
stalling a parafoil or landing gear. The
IXV'’s successor will be the Programme
for Reusable In-orbit Demonstrator in
Europe, or PRIDE.
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PLEASE EXCUSE OUR RUSH TO JUDGEMENT

In our previous issue of the “Astrophile” one of our senior staff writers
made a comment in an article, that was read by some readers as being
negative concerning collecting early Russian space covers. The comment
in question was this one on page 80, that stated, “Covers from the early
Russian period are generally suspect.”

It was not the intention of our staff member to be derogatory in tone or
to slight collecting early Russian space covers. Please accept our sincere
apology for this offnanded comment. As is true in all situations in buying
or trading all space covers, “Caveat Emptor” or “let the buyer beware”
applies, and that was our writer’s intention in this article concerning early
Russian space covers.

Collectors concerned about suspect space covers are reminded that the
Space Unit produced an excellent report in 2001 entitled “Study of Suspect
Space Covers” that listed and described known suspect covers from the
U.S., Russia, and other countries of the World. This reference is currently
out of print. Information concerning how a member may obtain a copy
of this booklet will be presented in a later issue of the “Astrophile” in its
entirety.

Steve Durst,
Vice President, The Space Unit.

ASTROPHILE e Journal for Space Covers and Stamps

19



