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Node 2 avionics rack during modal survey test.
(Image: Thales Alenia Space)

and successfully completed as is the system-level
modal survey test. Flight unit integration of Node 2
is underway. The harnesses have all been
delivered, as has much of the secondary structure.

-

Node 2 during Moal Survey Test on 13 July 2001.

(Image: Thales Alenia Space)

2002

Integration of the active and passive docking
mechanisms has been initiated. A further safety
review has been successfully completed. All four
avionics racks have been integrated and the
electrical tests completed. Integration of the
cables and actuators of the common berthing
mechanisms has also been finalised.
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Node 2 at Ieniazio (now part of Tles Alenia Space) on

20 June 2002 during docking mechanism installation.
(Image: Thales Alenia Space)

2003

Grounding of the Shuttle fleet following the
STS-107 Columbia accident on 1 February
causes a long-term delay in the ISS assembly
launch sequence.

Node 2 in the Alenia integration hall in Turin, Italy for final test,

integration and verification: (Top) during Micrometeoroid and

Debris Protection panels installation; (Bottom) during close-out
procedures prior to shipment. (image: Thales Alenia Space)
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The Node-2 Flight Acceptance Review has been
concluded at Alenia Spazio (now part of Thales
Alenia Space) in Turin with the participation of ESA,
ASI| and NASA.

: i
Internal view of Node 2 in the Alenia integration hall in Turin

during close-out procedures prior to shipment.
(Image: Thales Alenia Space)

Following the Acceptance Review, a
Transportation Readiness Review is held. As a
result of the successful completion of that review,
Node 2 is flown from Turin to the Kennedy Space
Centre in Florida, USA, in an Airbus Beluga heavy
lift vehicle, landing on 1 June 2003. Following
post-flight inspection, the ltalian Space Agency
formally hand over Node 2 to ESA

& W\ - B L\ i
(Top) Node 2 being loaded into an Airbus Beluga heavy lift
vehicle at the Torino Caselle Airport in Italy prior to flight to the
USA on 31 May 2003. (Centre) Node 2 arriving at the Kennedy
space Center in Florida, USA. (Bottom) Node 2 in the Space
Station Processing Facility at the Kennedy Space Center after

removal from its transport carrier at the beginning of June 2003.
(Images: NASA)

The transfer of ownership to NASA takes place on
18 June in the Space Station Processing Facility

) R i of the Kennedy Space Center.

Node 2 being loaded into a transport container at Alenia . . .

Spazio (now part of Thales Alenia Space) in Turin prior to Multiple element_mtegrated testing of Node 2 an_d
shipment to the Kennedy Space Center in the USA. the Japanese Kibo laboratory are completed in

(Image: Thales Alenia Space)
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ESA ISS Programme Manager Alan Thirkettle (centre) shakes
hands with NASA’s Deputy Associate Administrator for the ISS
and Shuttle Programmes Michael Kostelnik. Also part of the
signing was Node 2 Programme Manager for the Italian Space
Agency, Andrea Lorenzoni (left). (image: NASA)

September at the Space Station Processing
facility of the Kennedy Space Center involving an
international team from among ISS partners.

7. b 73
Internal view of Japanese Kibo laboratory during multiple
element integrated testing of Node 2 and Kibo in September
2003. Facing the camera is STS-114 mission specialist and
JAXA astronaut Soichi Noguchi. (image: NASA)

The test involved connecting cables between the
modules to provide electrical power in order to
validate the compatibility of the systems. Node 2
testing included emulating the ISS on-orbit
configuration, and testing the command and track
systems that support the audio and video systems
on-orbit and the caution and warning systems that
monitor life support systems in the module.

2004

Management of the Nodes programme, which had
previously been delegated to Italian Space Agency
(ASI) is transferred to ESA by mutual agreement.

Node 2 being moved by crane in preparation for its element
leak test in February 2005. (image: NASA)

The overall integrated leak test on Node 2 is
successfully performed in the vacuum chamber at
the Kennedy Space Center.

Node 2 in preparation for its element leak test in February 2005.
(Image: NASA)
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Node 2 Development History

The STS-120 crew undergo crew familiarisation
with Node 2 at the Kennedy Space Center.

2005

The Element Leak Test on Node 2 is successfully
performed in February in a large vacuum chamber
of the Operations and Checkout Building of the
Kennedy Space Center. After testing it is returned
to the Space Station Processing Facility to
continue being readied for launch.

2006

Node 2 closeout activities are ongoing at the
Kennedy Space Center. The work is part of the
final preparations to ensure that all hardware
and systems are in order for its launch to the
Station.

On 19 June 2006, ESA astronaut Paolo Nespoli

is assigned to the crew of the Space Shuttle flight
STS-120 which will launch Node 2, and in August
the STS-120 crew starts mission specific training.

2007
Workers in the Space Station Processing Facility
are continuing closeout activities on Node 2.

On 15 March 2007 the new name of Node 2 is
announced as ‘Harmony' following a NASA-
organised competition amongst schoolchildren.

Ceremony to announce renamingof Node 2 to ‘Harmony’ at
the Space Station Processing Facility of the Kennedy Space
Center in Florida, USA. (image: NASA)

ESA astronaut Paolo Nespoli and NASA astronaut Douglas
Wheelock, both crew members on the STS-120/10A ISS
assembly mission during a Node 2 familiarisation session at
the Space Station Processing Facility of the Kennedy Space

Center in Florida, USA on 25 April 2007. (image: NASA)
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European Astronauts and Shuttle

ESA astronaut Paolo Nespoli from lItaly is
scheduled to be the next European astronaut
launched into orbit onboard the STS-120 Shuttle
Discovery mission in October 2007 as a member
of the ISS 10A assembly mission. During the
mission one of his major tasks will be as
intravehicular activity (IVA) astronaut coordinating
activities of the spacewalking astronauts during
installation of the European-built Node 2 and
relocation of the P6 truss section to the end of the
port-side truss. Nespoli will also be undertaking a
European experiment programme as part of the
European Esperia mission.

ESA astronaut Paolo Nespoli participating in a post insertion/
de-orbit training session at the Johnson Space Center on
9 April 2007. (Image: NASA)

The STS-120 Shuttle mission marks the continued
construction of the International Space Station. It
also pre-empts the STS-122 mission in
December, which will see the European
Columbus laboratory attached to the ISS. This
mission also has important significance from a
European perspective as it will include two
astronauts who are members of ESA’s European
Astronauts Corps, German ESA astronaut Hans
Schlegel who will be a Mission Specialist for the
ISS Columbus assembly mission and French ESA

astronaut Léopold Eyharts who will become a
member of the ISS Expedition Crew, taking over
from NASA astronaut Dan Tani, who is travelling
to the ISS on the STS-120 Discovery flight.

ESA astronayt Léopold Eyharts during STS-122 training at the
Johnson Space Center in May 2007. (Image: NASA)

The flight of Nespoli comes in a long tradition of
European astronauts who have flown on the
Shuttle since ESA astronaut Ulf Merbold from
Germany became the first European astronaut to
fly on Shuttle in 1983.

Launch of STS-9 Spacelab-l mssion with ESA astronaut Ulf
Merbold on 28 November 1983. (Image: NASA)
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Ulf Merbold became the first European to
undertake a mission on the Space Shuttle (STS-9)
on the 10-day Spacelab-1 mission between 28
November 1983 and 8 December 1983. Not only
was this the first spaceflight of an ESA astronaut, it
was the first flight of the European-built Spacelab
and the first flight of a non-American on the Shuttle.

Spacelab-1 shown in the Shuttle cargo bay while in orbit. Crew
access tunnel in foreground is shown leading to pressurised
module. (image: NASA)

Spacelab was the first purpose-built space
laboratory developed by Europe under a
cooperation agreement with NASA. It was a
modular research laboratory that would fit inside
the Shuttle's cargo bay and built by a consortium
of European companies. During the Spacelab-1
mission over 70 scientific experiments were
conducted in a variety of fields including
Astronomy, Solar Physics, Space Plasma
Physics, Earth Observation, Material Science,
Technology and Life Sciences. Working in two
teams of three, the crew worked 12-hour shifts,
allowing for 24-hour operations.

Between 1983 and 1998, Spacelab flew on the
Space Shuttle a total of 22 times. Seven of these
missions included European astronauts: ESA
astronaut Wubbo Ockels, and German Aerospace
Research Establishment (which became DLR)
astronauts  Reinhard  Furrer and  Ernst

Messerschmid in 1985. UIf Merbold undertook his
second Spacelab flight in January 1992 (Spacelab
IML-1 mission) followed two months later by
Belgian astronaut Dirk Frimout. In 1993 DLR
astronauts Hans Schlegel (currently an ESA
astronaut and scheduled to fly on the STS-122
mission, which will transport the European
Columbus laboratory to the ISS in December
2007) and Ulrich Walter, and in November 1994
ESA astronaut Jean-Francois Clervoy. Jean-
Jacques Favier (CNES) became the last
European astronaut to fly on a Spacelab mission
on Shuttle between 20 June and 7 July 1996.

ESA astronaut Hans Schlegel collects fungi samples as part of
the Spacelab D-2 mission in 1993. (image: NASA)

Not only have Spacelab experiments made a
major contribution to space science research, but
also the knowledge and expertise gained by both
ESA and NASA during the Spacelab missions has
made a significant contribution to today's
International Space Station programme.

Beyond the Spacelab missions, European
astronauts have carried out a wealth of research
and gained a wealth of experience aboard Shuttle
in the past 20 years. Following the flight of Patrick
Baudry on the Spartan-1 mission for CNES in
1985, there was a gap of seven years until the
flight of ESA and Europe’s most experienced
astronaut to have flown on the Space Shuttle,
Claude Nicollier having flown on Shuttle on four
separate occasions.

Nicollier's first flight was on STS-46 in 1992
together with Italian Space Agency astronaut
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ESA astronaut Claude Nicollier who served on four separate
Shuttle missions between 1992 and 1999. (image: ESA)

Franco Malerba. This mission deployed the
European Retrievable Carrier EURECA and the
Tethered Satellite System TSS-1. Nicollier's
second mission was on the first Hubble Space
telescope servicing mission, STS-61 in December

ESA'’s European Retrievable Carrier (EURECA) being held by
the Shuttle’s robotic arm prior to deployment on STS-46
Shuttle mission in 1992. (Image: NASA)

1993. During the 11-day flight, the Hubble Space
telescope was captured and restored to full
capacity through a record of five spacewalks by
four astronauts. His third flight was on STS-75
Columbia (22 February to 9 March 1996) together
with ESA astronaut Maurizio Cheli and Italian
Space Agency astronaut Umberto Guidoni. This
mission was a 15-day flight, with principal
payloads being the reflight of the Tethered
Satellite System (TSS) and the third flight of the
United States Microgravity Payload (USMP-3).

The TSS experiment produced a wealth of new
information on the electrodynamics of tethers and
plasma physics before the tether broke at 19.7
km, just shy of the 20.7 km goal. Scientists on the
ground were able to devise a programme of
research making the most of the satellite's free
flight while the astronauts’ work centered on
research related to the USMP-3 Microgravity
investigations.

ESA astronaut Jean-Francois Clervoy exercising on the
Shuttle flight deck bicycle ergometer on the STS-84 mission,
the 6" Shuttle flight to the Mir Space Station. Clervoy is a
veteran of three separate Shuttle missions. (image: NASA)

In December 1999 Nicollier was part of the
STS-103 mission together with ESA astronaut
Jean-Francois Clervoy who was on his third flight
on the Shuttle. This was the third Hubble Space
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telescope mission. During this eight day mission,
Nicollier carried out his first spacewalk or EVA, of
8 hours 10 minutes duration to install a new
computer and one of three fine guidance sensors.
He is the first European to obtain EVA experience
on a Shuttle flight.

Between the third and fourth flights of Nicollier,
four European astronauts undertook missions on
the Shuttle. Jean-Francois Clervoy was on the 6"
Shuttle flight to Mir in May 1997 and Jean-Loup
Chrétien (CNES) on the 7" Shuttle/Mir flight (25
September 97 — 6 October 1997). Pedro Duque
flew as Mission Specialist on the Space Shuttle
Discovery, STS-95 mission (29 October to 7
November 1998). This nine-day mission was
dedicated to research in weightlessness and the
study of the Sun. Michel Tognini, currently Head
of ESA’s European Astronaut Centre, flew on the
STS-93 mission, which took place from 22-27 July
1999. During this mission his primary task was to
assist in the deployment of the Chandra X-Ray
Observatory, and to conduct a spacewalk if
needed. The Chandra X-Ray Observatory is
designed to conduct comprehensive studies of the
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training at the Johnson Space Center's Neutral Buoyancy
Laboratory prior to launch of the STS-99 mission. (image: ESA)

universe, and the telescope will enable scientists
to study exotic phenomena such as exploding
stars, quasars, and black holes.

With the passing of the millennium, Gerhard
Thiele became the first European astronaut to fly
on Shuttle. From 11-22 February 2000, Thiele
participated as mission specialist in the STS-99
Mission. The Shuttle Radar Topography Mission
(SRTM) was dedicated to the first, three-
dimensional, digital mapping of the Earth surface
on a nearly global scale. He was responsible for
SRTM operations, including the deployment and
retraction of the 200-foot high boom from
Endeavour’'s cargo bay upon which one of the
flight's radar systems was mounted. Thiele was
also one of two spacewalking crew members, in
the event contingency spacewalk would have
been required during the flight.

Former ESA astronaut Umberto Guidoni on the flight deck of
the Space Shuttle Endeavour during the STS-100 in April
2001. (image: NASA)

From 19 April to 1 May 2001, Umberto Guidoni
participated in the Space Shuttle's STS-100
mission, being the first European on board the
International Space Station. On that flight, the
Space Shuttle delivered elements and equipment
required for the ongoing assembly of the
International Space Station. In particular, it carried
the Multi-Purpose Logistics Module (called
Raffaello), provided by the Italian Space Agency
and loaded with laboratory outfitting equipment,
as well as the Space Station Remote Manipulator
System (SSRMS), the Canadian robotic arm that
is, and will be, used extensively to assemble the
Space Station.

From 5-19 June 2002 Phillipe Perrin served as a
mission specialist on the STS-111 mission
onboard Space Shuttle Endeavour. The 14-day
STS-111 mission exchanged the ISS Expedition
Crew and delivered a Canadian-built mobile base
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system for the Station’s robotic arm. During the
Mission Perrin carried out three successful
spacewalks. On the first two Extravehicular
activities, he helped to install the mobile base
system and on the third, he performed a late-
notice repair of the Station’s robotic arm by
replacing one of its joints. He spent a total of
about 19 hours outside the station. During that
mission, he was also arm operator and berthed
the MPLM back into the orbiter payload bay
towards the end of the mission.

ESA astronaut Thomas Reiter inserting radiation sensors in
the European Matroshka experiment in December2006 in the
Zvezda Service Module on the ISS. (image: NASA)

On 4 July 2006 ESA astronaut Thomas Reiter
was launched to the ISS on the STS-121
Discovery flight. He became the first European
and ESA astronaut to become a member of an
ISS Expedition Crew remaining on the ISS for
nearly six months. During his time on the ISS he
carried out relevant ISS tasks as well as an ESA
experimental programme as part of the European
Astrolab mission.

Christer Fuglesang from Sweden was the last
European astronaut launched into orbit onboard
the STS-116 Shuttle Discovery mission in
December 2006 as a member of the ISS 12A.1
assembly mission and undertaking the European
Celsius mission. During the mission he undertook
two spacewalks in connection with installation of
the P5 truss section of the ISS and reconfiguration
and activation of the ISS thermal control system
and power supply. Thomas Reiter was on the
return journey of the STS-116 flight with
Fuglesang, which landed on 22 December 2006.

/_; > {1 o
ESA astronaut Christer Fuglesang during the second EVA on
the ISS 12A.1 assembly mission in December 2006. Attached
by a footplate to the Station’s robotic arm, Fuglesang is
relocating a piece of EVA hardware to a different location on

the ISS truss to clear the way for activities on the third EVA.
(Image: NASA)
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ISS Intergovernmental Agreement

The International Space Statlon photographed from Shuttle Atlantls foIIowmg undocklng during the STS-117 mission in June 2007.

(Image: NASA)

The International Space Station is a co-operative
programme between United States, Russia,
Canada, Japan and eleven Member States of the
European Space Agency (Belgium, Denmark,
France, Germany, Italy, The Netherlands,
Norway, Spain, Sweden and Switzerland).

It is governed by an international treaty, signed by
these Member States on 29 January 1998, called
the ISS Intergovernmental Agreement, which
provides the framework for design, development,
operation, and utilisation of a permanently in-
habited civil Space Station for peaceful purposes.

Furthermore, bilateral Memoranda of
Understanding exist between NASA and each of
the four associated space agencies: The
European Space Agency (ESA), Russian Federal
Space Agency (FKA or Roscosmos, formerly
Rosaviakosmos), the Canadian Space Agency
(CSA) and the Japanese Space Agency (JAXA,
formerly NASDA), outlining relevant ISS
responsibilities, obligations and rights between the
agencies.

National jurisdiction of the International Partner
States extends to the ISS elements in orbit. This
applies to areas such as criminal matters, liability
issues, and protection of intellectual property
rights.

Utilisation rights are outlined in the Memoranda of
Understanding. The European Space Agency
allocation rights comprise 8.3% of the Space
Station utilisation resources including, in
particular, 8.3% of crew time, which represent
approximately 13 hours per week. In
compensation for the provision of the resources
(energy, robotics, cooling, telecommunications,
etc.) to the Columbus Laboratory by NASA and
CSA, Europe provides 49% of the laboratory’s
utilisation resources to NASA and 2% to the CSA.

One important point is that ESA and the other
Space Station International Partners can barter or
sell their unused utilisation rights among
themselves and to other non-participants to the
Station 's programme.
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ISS and Europe’s Major Contributions

Columbus Laboratory

The European Columbus laboratory. (image: ESA/D.Ducros)

Columbus is ESA’s Research laboratory. It
provides space for research facilities in the fields
of material science, fluid physics and life science.
In addition, an external payload area can
accomodate experiments and applications in the
fields of space science, Earth observation,
technology and innovative sciences from space.
Columbus will be permanently stationed at the
International Space Station attached to another
European-built module, Node 2. It is planned for
launch with Shuttle Atlantis in December 2007.

Automated Transfer Vehicle (ATV)

The Automated Transfer Vehicle. (image: ESA/D.Ducros)

The Automated Transfer Vehicle is Europe’s
unmanned supply vehicle for the ISS. It will take
up to 9 tons of cargo to the ISS, boost the station
to a higher orbiting altitude and remove up to 6.5
tons of waste from the station. It measures
approximately 10 metres long by 4.5 metres in
diameter, with solar arrays spanning more than 22
metres for generating its electrical power. Cargo
transported will include pressurised cargo, water,
air, nitrogen, oxygen and attitude control
propellant. The first launch is planned for no
earlier than January 2008.

Node 2 and Node 3

ESA-developed Node 2 (top), the attachment point of the
Columbus Laboratory and Node 3 (bottom). Node 3 will be the
attachment point of the Cupola. (image: ESA/D.Ducros)

Nodes are pressurised modules that interconnect
the research, habitation, control and docking
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modules of the ISS. The Nodes are used to
control and distribute resources between the
connected elements. The ISS will have three
Nodes. Node 1, called Unity, was developed by
NASA. It became the second module of the ISS
in orbit after its launch in December 1998. Node 2
and 3 are developed under an ASI contract with
European industry with Thales Alenia Space as
the prime contractor.

The European Robotic Arm (ERA). (image: ESA/D. Ducros)

Node 2 will be the first European Node launched.
It will act as a connection point for the European
Columbus laboratory, the US Laboratory Destiny
and the Japanese Laboratory Kibo. It also will be
the attachment point for the Japanese HII
Transfer Vehicle, carry a docking adapter for the
us Space  Shuttle, and act as an
attachment point for the Multi-Purpose Logistics
Module (MPLM). The MPLM is a pressurised
cargo container, which travels in a space shuttle
cargo bay. Node 2 also provides a working base
point for the Space Station Remote Manipulator
System, a Canadian robotic arm on the ISS called
Canadarm 2.

Node 3 will be the second European node to
arrive at the 1SS and will be attached to the
American-built Node 1, which was launched to the

ISS in December 1998. The forward port of
Node 3 will act as the connecting point for the
European-built Cupola.

Ownership for Node 2 has been, and for Node 3
will be, transferred to NASA within the framework
of a barter agreement between ESA and NASA.

European Robotic Arm (ERA)

The European Robotic arm or ERA is a robotic
arm, which serves to install solar arrays on the
Russian section of the ISS. It further acts as an
inspection tool on the Russian segment of the ISS
and can carry out additional assembly and
replacement tasks on the external surface of the
station such as on the Russian Research Module
and Multipurpose Laboratory Module. The 11-
metre long ERA also serves to support or transfer
astronauts carrying out tasks on spacewalks. It
has an extensive range, as it is able to walk
around the Russian segment of the station and
while in orbit is able to manipulate up to 8000kg of
mass. ERA is scheduled to arrive at the ISS in
20009.

Data Management System (DMS-R)

The European-built Data Management System. (image: ESA)

Europe’s DMS-R Data Management System was
the first piece of European hardware on the ISS in
July 2000. It includes three fault-tolerant computers
and two control posts. It is the ‘brain’ or control
centre of the Russian Segment of the ISS and
carries out a great degree of the vital and
fundamental functions on the station including:
guidance, navigation and control of the entire ISS;
failure management and recovery; and control of
additional ISS systems and subsystems.

©® European Space Agency -

October 2007




S\i\\\;}# esa Espelr:;oarni:glt?osnl?(:

Artist’s impression. Cupola observation Module attached to
Node 3. (Image: ESA/D. Ducros)

The Cupola will become a panoramic control post
for the International Space Station (ISS), a dome-
shaped module with windows through which
operations on the outside of the Station can be
observed and guided. It is a pressurised
observation and work area that will accommodate
command and control workstations and other
hardware.

Through the Robotics Work Station, astronauts
will be able to control the Space Station’s robotic
arm, which helps with the attachment and
assembly of the various Station elements.

However, the Cupola will operate as more than a
workstation. With a clear view of Earth and
celestial bodies, the Cupola will have scientific
applications in the areas of Earth Observation and
Space Science as well as holding psychological
benefits for the crew.
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Credits

This document has been compiled, produced and
written by the Coordination Office of the European
Space Agency’'s Directorate of Human
Spaceflight,  Microgravity = and  Exploration
Programmes in Noordwijk, The Netherlands. It
has been compiled from internal ESA sources
with additional images and information kindly
supplied by the following organisations:

Agenzia Spaziale Italiana
(Italian Space Agency)

National Aeronautics and
Space Administration (NASA)

Thales Alenia Space

Contacts

European Space Agency (ESA)
Directorate of Human Spaceflight, Microgravity
and Exploration Programmes

ESTEC, Keplerlaan 1, PO Box 299

2200 AG Noordwijk, The Netherlands.

Tel: +31 (0) 71 565 6799

Fax: +31 (0) 71 565 5441
www.esa.int/spaceflight
www.esa.int/columbus

ESA Media Relations

ESA Head Office, Paris, France.
Tel. + 33 1 5369 7155

Fax. + 33 1 5369 7690
contactesa@esa.int

Agenzia Spaziale Italiana
(Italian Space Agency)
Media Relations Office

Tél. : +39 06 8567235/7

Fax : +39 06 8416265

Email : francesco.rea@asi.it
http://www.asi.it

National Aeronautics and Space
Administration (NASA)
http://www.spaceflight.nasa.gov

Thales Alenia Space
http://www.thalesonline.com/space
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