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Mission Overview

In February 2008, the European Columbus
laboratory will be launched and become an
integral part of the International Space Station
(ISS), bringing years of organisation and hard
work to fruition. With a projected 10 years in orbit,
it will create space history as the first European
laboratory dedicated to long-term experimentation
in weightlessness.
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Launch of STS-121 Shuttle Discovery on 4 July 2006. ESA
astronaut Thomas Reiter was a member of the crew and
became the first European member of an Expedition Crew
after arrival at the ISS. (Image: NASA)

ESA astronauts Léopold Eyharts from France and
Hans Schlegel from Germany will be
crewmembers on the Columbus assembly and
commissioning mission. They are scheduled to be
launched on Space Shuttle Atlantis in February
2008 on Shulttle flight STS-122 from the Kennedy
Space Center in Florida, USA, as part of a 7-man
crew together with five NASA colleagues.

The Columbus mission consists of different parts.
The first part during the 11-day STS-122 flight (also
known to the ISS partners as the 1E assembly
mission) will attach the European laboratory to the
ISS, and thereafter activate, and begin
commissioning of the laboratory. This includes the
attachment of European external experiment
facilities during the third mission spacewalk and

additional assembly/maintenance tasks. The
Columbus mission will continue after undocking of
the Shuttle with Léopold Eyharts remaining on the
Station for 7-8 weeks as an ISS Expedition
Crewmember. He will continue with Columbus
commissioning activities, completing the activation
of the internal experiment facilities as well as
undertaking European scientific, public relations
and educational activities and additional activities in
his role as ISS Flight Engineer 2. Schlegel will also
be undertaking European science and public
relations activities as part of the Columbus mission.

ESA astronauts Hans Schlegel (left) and Léopold Eyharts in
launch and entry suits during training session at the Johnson
Space Center in May 2007 (image: NASA)

The major activities of the Columbus mission are
as follows:

Columbus laboratory installation

The Columbus Laboratory will provide a shirt-
sleeve environment in which astronauts can
undertake experiment procedures using a variety
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being lowered onto a work stand

in the Space Station Processing Facility at the Kennedy Space
Center in June 2006 (Image: NASA)
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Install European external payloads (EUTEF
and SOLAR) on Columbus

Two European external experiment facilities,
EuTEF and SOLAR will be installed on the outside
of the Columbus laboratory during the third EVA
of the mission. ESA astronaut Léopold Eyharts
will be operating the Station’s robotic arm,
transporting one of the spacewalking astronauts
between the Shuttle cargo bay (where EUTEF and
SOLAR are stowed) and the Columbus
laboratory’s External Payload Facility (where they
will be installed). The spacewalking astronauts are
Rex Walheim and Stanley Love, both representing
NASA. EUTEF houses many different experiments
including a variety of exobiology experiments.
SOLAR will carry out an in-depth study of the Sun
currently scheduled to last two years.
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Artist’s impression of the external experiment facilities EUTEF
and SOLAR situated on Columbus (cutaway view)
(Image: ESA/D. Ducros)

Exchange NASA astronaut for an ESA
astronaut as a member of the ISS Expedition
crew: ESA astronaut Léopold Eyharts will become
the second ESA astronaut to become a member
of an ISS long-term Expedition Crew when he
arrives at the ISS on the STS-122 flight. In
addition to his  specific  robotics and
commissioning tasks in relation to the Columbus
mission, he will be undertaking many vital tasks
on the ISS that could cover the use of systems
and procedures for: ISS guidance and control,
environmental control and life support systems,
crew health and safety, and EVA operations to
name a few. He will remain on the ISS for
approximately two months, flying back on the
STS-123 flight in 2008.

Eyharts will replace NASA astronaut Dan Tani as
ISS Expedition 16 Flight Engineer 2. Tani arrived
at the ISS on board the STS-120 Shuttle
Discovery mission, which was launched on 23

October and landed on 7 November. The
STS-120 mission brought the European-built
Node 2 to the Station and included ESA astronaut
Paulo Nespoli as a crewmember. Tani will come
back with the STS-122 crew on the return flight.
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ESA astronaut Thomas Reiter, ESA's first long-duration
astronaut on the ISS, working on the European Matroshka
experiment hardware in December 2006 (Image: NASA)

Undertake a European experiment programme
During their missions, Léopold Eyharts and Hans
Schlegel will be undertaking a number of
experiments for the European scientific community.
This includes runs of the first experiments to be
carried out in the experiment facilities in Columbus.
Additional European experiments will be carried out
by Russian cosmonaut Yuri Malenchenko. These
experiments cover a wide range of areas. Those
requiring the weightless environment inside the ISS
will be in the areas of human physiology and
biology, fluid science and radiation dosimetry.
Those needing the exposure to the open space
environment outside the ISS using the new
external experiment payloads on Columbus will
also be in a number of different scientific areas
including exobiology, solar science and material
science, in addition to various monitoring and
sensor technologies.

© Evuropean Space Agency - January 2008
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Key Mission Data
SHUTTLE CREW:

Shuttle Commander:

Shuttle Pilot:

Mission Specialist:

Mission Specialist:

Mission Specialist:

Mission Specialist:

ISS Flight Engineer (Ascent):
ISS Flight Engineer (Descent):

SPACECRAFT:
Shuttle Orbiter:

MISSION:
European Mission Name:
Shuttle Mission Designation:

ISS Assembly Flight Designation:

Primary Payload:
Secondary Payloads:

LAUNCH and LANDING SITES:
Launch Site:

Primary Landing Site:

Secondary Landing Sites:

MISSION PARAMETERS:
Scheduled Launch Date:
Launch Window:

Altitude (In orbit):

ISS Altitude:

Inclination:

Mission Duration:

Stephen Frick (NASA)
Alan Poindexter (NASA)
Hans Schlegel (ESA)
Rex Walheim (NASA)
Stanley Love (NASA)
Leland Melvin (NASA)
Léopold Eyharts (ESA)
Dan Tani (NASA)

Atlantis

Columbus

STS-122

1E

Columbus

EUTEF, SOLAR, Nitrogen Tank Assembly

Launch Pad 39A, Kennedy Space Center
Florida, USA.
Kennedy Space Center, Florida, USA

Edwards Air Force Base, California, USA
White Sands Space Harbor, New Mexico, USA

7 February 2008
10 minutes

226 kilometres
~400 kilometres
51.6°

11 days
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Artist’s impression of the Columbus Laboratory, cutaway view. (image: ESA/Ducros)

The Columbus laboratory is the cornerstone of
ESA's contribution to the International Space Station
(ISS) and is the first European laboratory dedicated
to long-term research in space. Named after the
famous explorer from Genoa, the Columbus
laboratory will give an enormous boost to current
European experiment facilities in weightlessness
and to the research capabilities of the ISS once it
becomes an integral part of the Space Station. This
is currently scheduled in February 2008 following its
launch on Space Shuttle Atlantis on ISS assembly
flight 1E.

During its projected lifespan of 10 years,
Columbus will support sophisticated research in
weightlessness, having internal and external
accommodation for numerous experiments in life
sciences, fluid physics and a whole host of other
disciplines. The laboratory marks a significant
enhancement in European space experimentation
and hardware development when compared to the

missions of the European-developed Spacelab in
the 1980s and 1990s.

R s E v i, T
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The Inte al Space Station photographed from Space

Shuttle Endeavour after undocking during the STS-118
mission on 19 August 2007. (image: NASA)

The 7 m long Columbus laboratory consists of a
pressurised cylindrical hull 4.5 m in diameter,
closed with welded end cones. To reduce costs

© Evuropean Space Agency - January 2008
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NASA'’s Johnson Space Center in Houston, Texas
and entered the 1998 Mission Specialist Class.
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Léopold Eyharts received technical assignments
within  NASA Astronaut Office at the Johnson
Space Center, Houston. He is currently working in
the ISS Operations Branch as a section chief for
ISS systems, software and on board information
technology.

~d
ESA astronaut Léopold Eyharts during training on the
Pulmonary Function System, of which two elements are
developed by ESA and two by NASA. (Credit: NASA)

Léopold Eyharts was assigned as backup of
Thomas Reiter for ESA's first long duration
mission to the International Space Station which
took place between 4 July and 22 December
2006. From October 2004 Eyharts trained
together with his American and Russian backup
crewmembers at Yuri A. Gagarin Cosmonaut
Training Centre near Moscow and at NASA's
Johnson Space Center, Houston.

Spaceflight Experience
Mission to the Russian Mir Space Station (29
January to 19 February 1998). During this Franco-

Columbus Mission
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Russian mission called Pegase, he performed
various French experiments in the area of medical
research, neuroscience, biology, fluid physics and
technology.

ESA astronaut Léopo Eyharts on the Mir Space Station
during the Pegase mission, 29 January to 19 February 1998.
(Credit: ESA)

Current assignment

Léopold Eyharts is currently scheduled for a 7-8
week assignment to the International Space
Station to deliver and commission the European
Columbus laboratory. During this mission Eyharts
will also fulfil the role and carry out the tasks of
ISS Flight Engineer 2 for the Expedition 16 crew.
This includes robotic arm activities relating to
installation of the Columbus laboratory and the
two European external payloads (EuTEF and
SOLAR) to be installed on Columbus during the
mission as well as activation and commissioning
of the Columbus laboratory.

He will fly to the ISS with Space Shuttle Atlantis
on flight STS-122, currently scheduled for launch
in February 2008. Eyharts is due to return to Earth
with Space Shuttle flight STS-123.

© Evuropean Space Agency - Januvary 2008
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Establishment (DLR). This training included
academic education and microgravity experience
on approximately 1300 parabolas on KC-135. He
became a certified research diver and holds a
Private Pilot’s license, including instrument rating
and aerobatics.
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ESA astronaut Hans Schlegel during an extravehicular
spacesduit fit check at the Johnson Space Center
on 23 August 2007. (image: NASA)

In 1990 he was assigned payload specialist for
the D-2 Mission and started Payload Training in
Cologne, Germany and at the Johnson Space
Center in Houston, Texas. This second German
Spacelab mission successfully took place from 26
April to 6 May 1993 (STS-55 Columbia).

In August 1995 he went to the Yuri A. Gagarin
Training Center (Moscow) to train for the German-
Russian Mir 97 Mission as a backup. During the
mission (10 February to 2 March 1997) he served
as Crew Interface Coordinator responsible for
ground-to-air communications. Between June
1997 and January 1998, he received additional
training and certification as 2nd board engineer for
the Russian Space Station Mir.

Columbus Mission
Information Kit

In 1998 he joined the European Astronaut Corps
of the European Space Agency.

In August 1998, ESA sent him to the Johnson
Space Center for training as a mission specialist
with the NASA Astronaut Class of 98. In addition
to his training he is also assigned to the CAPCOM
Branch of the Astronaut Office, conducting voice
communication to the International Space Station.

Spaceflight Experience

From 26 April to 6 May 1993, Schlegel served as
Payload Specialist on STS-55 aboard Space
Shuttle Columbia. Nearly 90 experiments were
conducted during the German Spacelab D-2
mission to investigate life sciences, material
sciences, physics, robotics, astronomy, and the
Earth and its atmosphere.

ESA astronaut Hans Schlegel during the Spacelab D-2
mission in 1993.

Current Assignment

Hans Schlegel is assigned as a mission specialist
on the STS-122 mission that will deliver and
attach the European Space Agency’'s Columbus
Laboratory to the International Space Station. As
part of this mission Hans Schlegel will be a
member of the first two EVA's or spacewalks, the
first of which includes the unberthing and
attachment of the Columbus Ilaboratory.
Schlegel's mission also includes activities to
activate and commission the Columbus
laboratory.

© Evuropean Space Agency - Januvary 2008
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NASA Astronauts: Daniel Tani (Expedition 16 Flight Engineer)
(Descent only)

NASA astronaut Daniel Tani. (image: NASA)

Personal Data

Born 1 February 1961 in Ridley Park, Pennsylvania,
USA. Married and has two children. He enjoys golf,
flying, running, tennis, music, cooking.

Education

Graduated from Glenbard East High School,
Lombard, lllinois, in 1979; received a Bachelor
and a Master of Science degree in Mechanical
Engineering from Massachusetts Institute of
Technology in 1984 and 1988, respectively.

Awards

Various US awards in Science and technology
including an Honorary Doctorate of Science from
Elmhurst College, lllinois, USA in 2003. Also
received NASA spaceflight medal in 2001.

Experience

After Tani received his bachelor's degree he
worked at Hughes Aircraft Corporation in El
Segundo, California USA as a design engineer in
the Space and Communications group. On his
masters degree he specialised in human factors
and group decision making. After graduation, Tani
worked for Bolt Beranek and Newman in
Cambridge, Massachusetts, USA in the
experimental psychology department. In 1988,
Tani joined Orbital Sciences Corporation in Dulles,
Virginia, USA initially as a senior structures

engineer, and then as the mission operations
manager for the Transfer Orbit Stage. In that role,
he served as the flight operations lead, working
with NASA Johnson Space Center mission control
in support of the deployment of the ACTS/TOS
payload during the STS-51 mission in September
1993. Tani then moved to the Pegasus programme
at the Orbital Sciences Corporation as the launch
operations manager. In that capacity, he served as
lead for the development of procedures and
constraints for the launching of the air launched
Pegasus unmanned rocket. Tani also was
responsible for defining, training, and leading the
team of engineers who worked in the launch and
control room.

NASA Experience

Selected as an astronaut candidate by NASA in
April 1996, Tani reported to the Johnson Space
Center in August 1996. Having completed two
years of training and evaluation, he qualified for
flight assignment as a mission specialist in 1998.

He held technical duties in the Astronaut Office
Computer Support Branch, and EVA Branch and
has served as a Crew Support Astronaut for
Expedition 4. In 2002, he was a crewmember on
the Aquarius undersea research habitat for 9 days
as part of the NEEMO-2 mission (NASA Extreme
Environment Mission Operations). Tani then
trained and qualified as the backup flight engineer
for Expedition 11, which launched aboard the
Soyuz TMA-6 in April 2005.

Space Flight Experience

STS-108 (5-17 December 2001) was the 12th
shuttle flight to visit the International Space
Station. During the mission, which exchanged the
Expedition 3 for the Expedition 4 Crew and
delivered almost 3 tonnes of supplies, logistics and
science experiments in a Multi-Purpose Logistics
Module, Tani performed a 4 hours and 12 minutes
space walk to wrap thermal blankets around ISS
Solar Array Gimbals.

He took over as flight engineer for Expedition 16
from Clayton Anderson after arriving at the ISS on
the STS-120 mission in October 2007. He has
performed three spacewalks and numerous robotic
operations in support of the installation and
checkout of Node 2 during his several months on
the ISS, and will return on Shuttle Flight STS-122.

©@ Evuropean Space Agency -
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International Space Station seen through a window on Space
Shuttle Endeavour's aft flight deck on 15 December 2001 at
the end of the STS-108 mission. Pictured are returning
Expedition 3 flight engineer Vladimir Dezhurov (left) and STS-

108 pilot Mark Kelly. (image: NASA)

On Flight day 10 the Shuttle undocks. Poindexter
as pilot is at the helm for undocking. The Shuttle’s
flight path is first straight out from the Space
Station in the direction of its orbit around the
Earth. After 100 m the Shuttle is manoeuvred up
over the ISS, doing a circuit around the Station at
a distance of approximately 200 m with the crew
taking photographs and video footage. After this
circuit the Shuttle fires thrusters and puts distance
between itself and the ISS.

STS-117 flyaround on 19 June 2007 after udocking from the
ISS. (Image: NASA)

There is a final inspection of the Shuttle’s heat
shields by the Shuttle’s robotic arm, in which Hans
Schlegel is involved with robotic arm operations.

On flight day 11 the crew make preparations for
landing the following day. Everything not needed
anymore is stowed away and the orange
spacesuits worn for the launch and landing are
brought out. The seats are again installed.

Tani, who has experienced over three months of
weightlessness, has a special seat where he can
lie down. The longer the time that astronauts have
spent in space, the more susceptible they are to
fainting.

- : T I 28
Again attired in orange launch and reentry suit, STS-115
commander Brent Jett, Jr. 21 September 2006 looks over a
procedures checklist prior to reentry on the Space Shuttle
Atlantis flight deck. (image: NASA)

The others astronauts on Shuttle who have only
been in weightlessness for 11 days, will sit up,
wearing G-suits under the spacesuits which, by
pressing on the legs and around the waist, help to
force the blood up into the upper body. A last
press conference is held from space during the
day.

The final day, day 12, is solely concerned with the
preparations for the actual landing. They are
similar to the post-launch procedures but in
reverse. Everything is put into place and one by
one the crewmembers put on their launch/landing
spacesuits, beginning with the commander and
the pilot, and get fastened into their seats.

About 1 hour prior to landing, following the order
from mission control, deorbit and landing
procedures will begin (See Launch to Landing
Procedures).

© Evuropean Space Agency - January 2008
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ESA Expedition mission overview: ISS Flight Engineer 2 tasks

ESA astronaut Léopold Eyharts will undertake
many tasks in his role as Flight Engineer 2 of the
ISS Expedition 16 crew during his 7-8 week stay
on the ISS before returning on the STS-123
Shuttle mission. As such he has trained in order
to be able to carry out many functions, which
utilise ISS systems and scientific hardware.

During the course of his mission, Eyharts
responsibilities will involve carrying out any
number of these tasks as and when required.
These not only involve the utilisation of the
relevant systems but can also involve the
reconfiguration and repair of them using specially
designed tools configured to the relevant
equipment in the different sections of the ISS.
These include:

/]
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ESA astronaut Christer Fuglesang being moved by robotic
arm during an EVA as part of the STS-116 (12A.1) ISS
assembly mission. (image: NASA)

Space Station Robotic Arm Operation

Léopold Eyharts is qualified in the operation of
the Space Station Remote Manipulator System
(SSRMS) known as Canadarm 2, the Space
Station’s robotic arm used for ISS assembly and
maintenance. During the STS-122 docked phase
with the ISS he will be undertaking robotic arm
procedures as part of the Columbus mission in
relation to firstly docking Columbus to the ISS
and secondly installation of European payloads
on the Columbus laboratory.

For the second part of these activities he will be
the operator of the robotic arm during the third
EVA, which involves transferring an astronaut on
the robotic arm from the Shuttle cargo bay to the
Columbus External Payload Facility where the
European EUTEF and SOLAR payload facilities
will be installed by the spacewalking astronauts.
He will also be the operator of the robotic arm
during the same EVA for transferring an
astronaut from External Stowage Platform 2 to
the Shuttle cargo bay in order to transfer a failed
Control Moment Gyroscope for return to Earth.

Eyharts will also be involved in robotic arm
procedures during the 1J/A ISS assembly
mission scheduled for launch in mid-March 2008.

Columbus Commissioning

Eyharts is qualified in the activation and
commissioning of the Columbus laboratory and is
one of the principal astronauts undertaking these
activities along with fellow ESA astronaut Hans
Schlegel and with support from NASA colleagues.
Commissioning activities include: connecting utility
lines (power, data, fluid etc) between Node 2 and
Columbus; relocating experiment facilities from
launch locations to on-orbit locations and
connecting them to relevant ISS systems (power,
data, cooling etc); installing facility equipment;
activating the facilities; and carrying out the first
runs of experiments in certain facilities (Biolab and
Fluid Science Laboratory) to determine that they
are functioning according to plan.

ATV, Soyuz, Progress Docking/Undocking
Scheduled to be onboard for the arrival of the first
European Automated Transfer Vehicle (ATV), early
in 2008, Eyharts is trained in the operation of the
Russian docking mechanism and ATV docked
operations. The Russian docking mechanisms are
used on the unmanned ATV and Progress supply
spacecraft for bringing regular supplies and
scientific equipment to the ISS and removing waste
from the ISS, and on the Soyuz TMA spacecraft for
bringing crewmembers to and from the ISS.
Eyharts is also trained as Flight Engineer for the
Soyuz TMA spacecraft, which act as an emergency
escape vehicle for the Expedition Crews.

ISS Guidance and Control

Operating the onboard computer and equipment
control systems in the Russian section of the ISS.
At the heart of these systems is the ESA-
developed Data Management System (DMS-R).

© Evuropean Space Agency - January 2008
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Space Shuttle System

On April 12, 1981, Shuttle operations commenced
with the launch of Columbia on the STS-1
mission. NASA's fleet of orbiters has comprised
five ships to date: Challenger, Columbia,
Discovery, Atlantis and Endeavour. Atlantis, which
is the chosen orbiter for the STS-122/Columbus
mission was first launched in October 1985 and
has undertaken 28 missions, which include
deployment of ESA’s European Retrievable
Carrier (EURECA) and operation of the Tethered
Satellite System on the STS-46 mission in 1992
with ESA astronaut Claude Nicollier and Italian
Space Agency astronaut Franco Malerba, and
transported the US Destiny laboratory, the Quest
Airlock and four truss elements to the ISS on six
separate missions (STS-98, STS-104, STS-110,
STS-112, STS-115 and STS-117).

s the first European and ESA astronaut on the

Ulf Merbold a
Shuttle in 1983 in the European-developed Spacelab
laboratory on the STS-9 Spacelab-1 mission. In January 1992
he flew again on the STS-42 Spacelab IML-1 mission on the
Space Shuttle Orbiter Discovery. (Image: NASA)

Discovery has undertaken 34 missions since its
first flight in August 1984 the last flight being the
STS-120 mission (23 October — 7 November
2007), which transported the European-built
Node 2 to the ISS and included ESA astronaut
Paolo Nespoli as a member of the crew. Other
Discovery missions include deployment of the
Hubble Space telescope in 1990 (STS-31), the
STS-42 Spacelab IML-1 mission with ESA
astronaut UIf Merbold, in 1992, the third Hubble
Space Telescope servicing mission (STS-103) in
1999 with ESA astronauts Claude Nicollier and
Jean-Francois Clervoy, and transport to the ISS of

the Z1 truss element (STS-92) and the European-
built Multi-Purpose Logistics Module ‘Leonardo’
(STS-102, STS-105 and STS-121). In December
2006 Discovery was the orbiter used for the
STS-116 mission, which included ESA astronaut
Christer Fuglesang who undertook EVAs for ISS
assembly including installation of the ISS P5 truss
section. The flight also brought ESA astronaut
Thomas Reiter back to Earth after serving almost
six months on the ISS as the first European ISS
Expedition crew member.

Endeavour was the fifth orbiter constructed,
undertaking its first mission in 1992. Highlights of
its 19 missions to date include the STS-88
mission, which transported the Unity Node as the
second ISS module into orbit in December 1998,
the Shuttle Radar Topography Mission (STS-99)
in February 2000 with ESA astronaut Gerhard
Thiele, the STS-100 mission in 2001, which
brought Umberto Guidoni as the first European
astronaut on mission to the ISS, and the STS-111
ISS assembly mission with ESA astronaut
Philippe Perrin in June 2002. It was last launched
on the STS-118 mission in August 2007.

Launch of Columbia on STS-1 mission on 12 April 1981.
(Image: NASA)

Challenger was lost on launch in January 1986 on
its tenth mission and Columbia was lost prior to
landing on its 28" mission in February 2003.

The Space Shuttle or Space Transportation system
(STS) consists of three major component parts: The
orbiter, which most people refer to as the Space
Shuttle, the external tank, which holds the orbiter’s

© Evuropean Space Agency - January 2008
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Space Shuttle System

propellant and the solid rocket boosters which
provide the most lift during the first two minutes of
flight. Together they have a length of 56 metres and
weigh more than 2,000 tonnes at lift-off. The Space
Shuttle has a lift-off thrust of over 3,240 tonnes and
is capable of carrying a cargo of just over 28 tonnes
into orbit. A normal mission lasts between 5 and 16
days. Since 1981 more than 700 astronauts have
flown on Shuttle and it has put some 1500 tonnes
into orbit. Since the Columbia accident in February
2003 there have been improvements made to all
elements of the Shulttle.

EXTERNAL TANK

SOLID SOLID
ROCKET | ROCKET
BOOSTER BOOSTER

g
4

ORBITER

Major Shuttle components. (image: NASA)

The Orbiter

The 37-metre long orbiter is the element of the
Space Shuttle system which contains the crew
and returns the crew to earth at the end of their
orbital mission. It also contains relevant
equipment and supplies, either for use by the
Shuttle crew on a non-ISS Shuttle mission, or
additionally by the 1SS Expedition Crew when on
an ISS mission. To protect the orbiter from the up
to 1600 °C temperatures during re-entry, all

surfaces are covered with thermally protective
materials. The main types of thermal materials
used are Reinforced Carbon-Carbon (RCC), low-
and high-temperature reusable surface insulation
tiles, felt reusable surface insulation blankets and
fibrous insulation blankets. RCC is used amongst
other places on the wing leading edges where
improvements have been made to prevent heat
flow getting inside the wing structure.

ORBITAL
MANEUVERING
F I/ SYSTEMS
CREW
CABIN

\ — [T MAIN
yu [ - +— ENGINES

FDHWAH[J| MID | AFT
FUSELAGE FUSELAGE FUSELAGE

Diagram of main orbiter sections. (Image: NASA)

The forward fuselage contains the 65.8 m® crew
station module. This pressurised three-section
compartment contains areas for working, living and
stowage. It consists of the flight deck, the
middeck/equipment bay and an airlock. Four crew
members’ seats are on the flight deck. On the
forward flight deck there are more than 2000
displays and controls with the commander's seat
positioned on the left and the pilot's seat on the
right. The middeck contains the three other crew
seats together with provisions and stowage
facilities, four crew sleep stations the waste
management system, the personal hygiene station
and the work/dining table. Outside the aft bulkhead
of the crew module in the payload bay, a docking
module and a transfer tunnel with an adapter can
be fitted to allow crew and equipment transfer for
docking, Spacelab and extravehicular operations.

The 18-metre long, 5-metre wide mid fuselage is
the location of the payload bay and payload bay
doors. It is in this cargo area that Node 2 was
carried to the ISS on the STS-120 mission in
October 2007, the European Columbus Laboratory
will be carried to the ISS on the STS-122 mission in
February 2008 and in which the MPLMs are carried
as pressurised cargo containers for resupplying the
ISS. The payload bay is the location of the Shuttle’s
Remote Manipulator System or robotic arm which
is controlled from the flight deck. This allows
payloads to be deployed out of the payload bay or
payloads to be grappled and secured in the
payload bay for return to Earth.

© Evuropean Space Agency - January 2008
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Cutaway graphic of European Columbus Laborato attached to
the ISS. The STS-122 mission in February 2008 will transport

this laboratory to the ISS in the Shuttle’s cargo bay.
(Image: ESA/D. Ducros)

The 5.5 metre long aft fuselage consists of the left
and right orbital manoeuvring systems, Space
Shuttle main engines, body flap, vertical tail and
orbiter/external tank rear attachments. The orbiter
has a wingspan of 24 metres and, on the runway,
a height of 17 metres. It has an in-orbit altitude of
between 185 and 643 kilometres, with a velocity
of 28,000 km/h. The orbiter's engines exert a
thrust of over 170 tonnes at sea level.

External Tank

The External Tank is the fuel tank for the orbiter. It
contains the propellants used by the Space
Shuttle main engines. It has been redesigned to
eliminate the possibility of foam coming off during
launch which could potentially damage the
Shuttle. When it's empty the External Tank weighs
more than 35 tonnes and can carry almost 720
tonnes of propellant, more than 616 tonnes of
liquid oxygen and nearly 103 tonnes of liquid
hydrogen.

The External Tank is 47 metres long and acts as
the "backbone" of the Shuttle during the launch,
providing structural support for attachment with
the solid rocket boosters and orbiter. The tank is
the only component of the Space Shuttle that is
not reused. Approximately 8.5 minutes into the
flight, with its propellant used, the tank is
jettisoned at an altitude of approximately 110
kilometres above the Earth. The now nearly empty
tank separates and falls in a preplanned trajectory
with the majority of it disintegrating in the
atmosphere and the rest falling into the ocean.

The three main components of the External Tank
are an oxygen tank holding a volume of more than

540,000 litres of liquid oxygen, located in the
forward position, an aft-positioned hydrogen tank
holding more than 1,450,000 litres of liquid
hydrogen and a collar-like intertank, which
connects the two propellant tanks, houses
instrumentation and processing equipment, and
provides the attachment structure for the forward
end of the solid rocket boosters.

Liquid
Oxygen
Tank

Intertank

o
L

Liquid
Hydrogen
Tank

e

Graphic representation of External Tank. (image: NASA)
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Columbus will immediately support a full European experiment programme in a host of different scientific areas
with many utilising the internal and external experiment facilities of the Columbus laboratory due to arrive on the
ISS 1E assembly flight in February 2008. Some will be undertaken by members of the Expedition 16 crew,
including ESA astronaut Léopold Eyharts and Russian cosmonaut Yuri Malenchenko. Other experiments will
include those carried out by ESA astronaut Hans Schlegel who will be a mission specialist on the STS-122/1E

assembly flight.

Internal Experiments: Biology
Biolab Facility: WAICO

This is the first experiment to be carried out in the
Biolab facility within the European Columbus
Laboratory. WAICO, which is the short name for
Waving and Coiling of Arabidopsis Roots at
different g-levels, concerns the effect that gravity
has on the spiralling motion (circumnutation) that
occurs in plant roots.

.1'

Root coiling

Arabidopsis seedlings tilted at 45 degrees on hard agar
surface. (Top) Wild type seedlings showing more root waving.

(Bottom) Mutant strain showing more root coiling.
(Image: G. Scherer)

Either it is the case, as is suspected, that this
spiralling mechanism is an internal mechanism in
the plant, independent of the influence of gravity.
If so as the level of gravity decreases the level of
root spiralling should increase. If however the
presence of gravity does affect this spiralling
mechanism, then as the level of gravity
decreases, the spiralling should also decrease
and the roots should straighten out.

Two types of seed will be used in the experiment
a wild type Arabidopsis seed and a mutant strain
of Arabidopsis seed. The mutant strain is
defective in gravitropism i.e. it has a very low
response to the effect of gravity. The addition of
this mutant strain helps to provide additional
information of the growth processes at work.

By observing Arabidopsis roots growth in space,
one can predict that without the interference of
gravity the roots will grow in spirals. Root samples
from Arabidopsis seedlings will be grown from
seed for 10-15 days in space. High resolution
photos will be taken during this time. The
seedlings will then be fixed to stop growth and
analysed on return to earth. This will include an
analysis of the microtubules in the seedling roots
to determine root structure and the way in which
the seedling roots coil. This will help to determine
if the surface cells twist the root. Post-flight
analysis will also look into the part that the growth
hormone auxin plays in this process.

In addition to the seedling samples held in
weightlessness on the ISS, seedlings will be held
under Earth gravity conditions (1g) for the same
period of time. These will either be ground control
experiments or held in a 1g centrifuge on the ISS.
The 1g experiments will be held at 45 degrees to
the direction of gravity as this is the optimal angle
for the roots to grow on a flat surface without
spreading. This makes it easier to observe any root
spiralling motion that either does or does not occur.

Not only does this kind of research help to
increase our knowledge of such growth processes
that can help to increase the efficiency of
agricultural processes on Earth, it also provides
the basis for research into agricultural processes
in space for future longer-term missions to the
Moon and Mars.

Science Team:
G. Scherer (DE)
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Internal Experiments: Radiation Dosimetry

ALTCRISS

ALTCRISS (Alteino Long Term monitoring of
Cosmic Rays on the International Space Station)
is an ESA experiment to study the effect of
shielding on cosmic rays in two different and
complementary ways. The detector of the Alteino
device will monitor differences in the flow of
cosmic rays with regard to the position and
orientation of the Alteino device, with the focus
being on radiation monitoring in the Pirs module in
the Russian segment of the ISS.

Science Team:

M. Casolino (IT), F. Cucinotta (US), M. Durante (IT), C.
Fuglesang (SE), C. Lobascio (IT), L. Narici (IT), P.
Picozza (IT), L. Sihver (SE), R. Scrimaglio (IT), P.
Spillantini (IT)

EuCPD

The European Crew Personal Dosimeters
(EuCPDs) will be worn by the ESA astronauts
onboard the ISS to measure the radiation
exposure during their flights. The dosimeters are
worn around the waist and the left ankle for
astronauts inside the Station and at the same
locations above the liquid cooling garment inside
the space suit for astronauts undertaking
spacewalks. Each dosimeter is only 8 mm thick
and consists of a stack of five different passive
radiation sensors. The different sensors will
measure different radioactive particles such as a
range of neutrons and heavy ions as well as
measuring particle impact angles and energy
transfer from particles.

Science Team:
U. Straube - ESA, C. Fuglesang - ESA

Project Team:
J. Dettmann - ESA, G. Reitz — DLR (DE)

Matroshka 2B

The ESA Matroshka facility was initially installed on
the external surface of the ISS on 27 February
2004 with the aim of studying radiation levels
experienced by astronauts during spacewalk
activities. It consists of a human shape (head and
torso) called the Phantom equipped with several
active and passive radiation dosimeters. This is
mounted inside an outer container of carbon fibre
and reinforced plastic to simulate a spacesuit. The
facility was brought back inside the ISS on 18
August 2005 to continue the experiment for
radiation measurements inside the ISS.

For the Matroshka 2B experiment new passive
radiation sensors were uploaded on Soyuz 15S on
10 October 2007 for installation inside the
Phantom. The active radiation dosimeters inside
the facility will be activated in February 2008. The
Matroshka facility will be installed inside the ISS to
taking similar measurements related to the internal
ISS radiation environment.

ESA astronaut Thomas Reiter, works with the Matroshka
experiment Phantom in the Zvezda Service Module of the
International Space Station in December 2006. (Image: NASA)

Science Team:

G. Reitz (DE), R. Beaujean (DE), W. Heinrich (DE),

M. Luszik-Bhadra (DE), M. Scherkenbach (DE),

P. Olko (PL), P. Bilski (PL), S. Derne (HU),

J. Palvalvi (HU), E. Stassinopoulos (US), J. Miller (US),
C. Zeitlin (US), F. Cucinotta (US), V. Petrov (RU).

Project Team:
ESA: J. Dettmann, DLR: G. Reitz, J. Bossler,
Kayser Italia: M. Porciani, F. Granata
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The European Technology Exposure Facility (EUTEF) is one of the first two external facilities to be attached
to the Columbus laboratory and houses the following experiments requiring either exposure to the open
space environment or a housing on the external surface of the ISS:

EXPOSE-E
EXPOSE-E is a subsection of EuUTEF and
consists of five individual exobiology experiments:

LIFE — The Lichens and Fungi Experiment
(LIFE) experiment will test the limits of survival
of Lichens, Fungi and symbionts under space
conditions. Some of the organisms being
exposed for approximately 1.5 years include the
black Antarctic fungi (Cryomyces antarcticus
and Cryomyces minteri), the fungal element
(mycobiont) of the lichen Xanthoria elegans,
and the complete lichens (Rhizocarpon
geographicum and Xanthoria elegans) in situ on
rock samples.

Top: Lichen Xanthoria elegans. Bottom: mycobiont

Previous results from the Biopan exposure
facility on the Foton-M2 mission in 2005 showed

the ability for lichens to survive in exposed
space conditions for 15 days.

Science Team:
S. Onofri (IT), L. Zucconi (IT), L. Selbmann (DE),
S. Ott (DE), J-P.de Vera (ES), R. de la Torre (ES)

ADAPT - This experiment concerns the
molecular adaptation strategies of micro-
organisms to different space and planetary UV
climate conditions.

Science Team:

P. Rettberg (DE), C. Cockell (UK), E. Rabbow (DE),
T. Douki (FR), J. Cadet (FR), C. Panitz (DE),

R. Moeller (DE), G. Horneck (DE), H. Stan-Lotter (AT).

PROCESS - The main goal of the PROCESS
(PRebiotic Organic ChEmistry on Space Station)
experiment is to improve our knowledge of the
chemical nature and evolution of organic mole-
cules involved in extraterrestrial environments.

Science Team:
H. Cottin (FR), P. Coll (FR), D. Coscia (FR),
A. Brack (FR), F. Raulin (FR).

PROTECT - The aim of this experiment is to
investigate the resistance of spores, attached to
the outer surface of spacecraft, to the open
space environment. Three aspects of resistance
are of importance: the degree of resistance; the
types of damage sustained; and the spores
repair mechanisms.

Science Team:

G. Horneck (DE), J. Cadet (FR), T. Douki (FR),

R. Mancinelli (FR), R. Moeller(DE), J. Pillinger (UK),
W. Nicholson (US), E. Rabbow (DE), J. Sprey (UK),
P. Rettberg (DE), E. Stackebrandt (DE),

K. Venkateswaren (US).

SEEDS - This experiment will test the plant
seed as a terrestrial model for a panspermia
vehicle i.e. a means of transporting life through
the universe and as a source of universal UV
screens.

Science Team:
D. Tepfer (FR), S. Leach (UK), A. Zalar (HR),
S. Hoffmann (DK), P. Ducrot (FR), F. Corbineau (FR).
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European Astronauts and Shuttle

ESA astronaut Paolo Nespoli from Italy was the
last 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 was 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 also undertook 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 marked the
continued construction of the International Space
Station. It also pre-empted the STS-122 mission
in February 2008, 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 travelled to
the ISS on the STS-120 Discovery flight.

[ I "w N
ESA astronaut Léopold Eyharts during STS-122 training at th
Johnson Space Center in May 2007. (Image: NASA)

The flights of Nespoli, Eyharts and Schlegel come
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.

“
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Launch of STS-9 Spacelab-1 mission with ESA astronaut UIf

Merbold on 28 November 1983. (Image: NASA)
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ISS and Europe’s Major Contributions

Columbus Laborator The Automated Transfer Vehicle is Europe’s

T D 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 10.3
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 February
2008.

Node 2 and Node 3

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 February 2008.

Automated Transfer Vehicle (ATV

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

Y
the research, habitation, control and docking

The Automated Transfer Vehicle. (image: ESAID.Ducros)
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