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Spacecraft Mass 799 046 Ib (362,441 kg)
Spacecraft Pressurized Volume: 29,771 ft3 (29,771 m?3)
Velocity: 17,500 mph (28,200 kph)
Science Capability: Laboratories from four international space agencies —
US, Europe, Japan, and Russia.







and Logistics ' -~
Future -bllltles

An International fleet _
of space vehicles: U.S. Commercial
e Rotates crews

e Delivers propellant &
supplies

e Replenishes sci
experiments 'e

| Falcon 9/Dragormaurus 11/Cygnus
HII/HTV (SpaceX) (Orbital)

Space Shuttle

ROSCOSMOS
Progress

Ariane 5/ATV



http://upload.wikimedia.org/wikipedia/commons/f/f4/Soyuz_TMA-5_launch.jpg�

U.S. Research on ISS - Objectives

e NASA Utilization of the ISS (Vision for Space
1 Exploration, January 14, 2004, and NASA
1 Authorization act of 2005)

— Astronaut health and countermeasure development
for space exploration

— Tesﬁ research and technology developments for

futureispace exploration -

Developing and validating operational proced res for
long-duration space missions

— Microgravity physmil;a% ife sciences program to

e A B maintain U.S. capabili Se areas

ISS National Laboratory beginning in. 2010 (NASA
Authorization Acts of 2005 and 200

— Other U.S. government agencies use ISS to meet
their agency objectives

— Commercial and non-profit org ions use ISS in
the interests of economic dev t

— Pathfinders starting in 2008




Objectives for Research on ISS
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=SA and JAXA Research Infrastructure

Kopairo
(Gradient Heating
Furnace)

Multi-Purpose
Small PayloadRack
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y Microgravity Research?

e Scientific Discovery |
— Gravity Is a constant force on Earth |
— It cannot be completely controlled or removed

In experiments /

— It dominates and masks other forces In

processes -

— The ISS provides a laboratory environment to
control this force |




DiscIplines that use the Laboratory

® Biology & Biotechgology
® Human Research

e Physical Sciences /

® Technology Development & Demonstration
e Earth and Space Science

e Education I
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What have we lear




1010gy: Animal Cells|in Space
N

ﬂ uG
® Changes:
_ Fluid distribution
signal transduction
Locomotion
Differentiation
16

Metabolism
Glycosylation
Cytoskeleton

Tissue morphogenesis . .r




Plant Research In épace

y. potential for plant biology
rowth and development

— Gravitropism, Circumnutation

— Plant responses to the en”'onment:

light, temp, gases, soll
— Stress responses
— Stem cells/pluripotency
* Plants as a food source

* Plants for life support

Moss grown in the dark
On the Space Shuttle

Earth Microgravity

Soil structure

Peas grown on ISS\



ﬁ Jﬁgy Microbes In Space

More virulent

Hbt. NRC-1

0.1




%al Sclences: Cohvection
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Combustion
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Fluids: No density

Convection!
. . ﬁ
Pore formation and Coarsening



BG% on Earth and In I\|{Iicrogravity

1g (Earth} -Micru-g (space)
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an Physiology: Response to
ceflight

Astronauts experience a
spectrum of adaptations in
flight and postflight

| *Neuravestibular

eCardiovascular

Bone

*Muscle

/'l,rummology

eNutrition

Balance disorders
Cardiovascular deconditioning
Decreased immune function
Muscle atrophy
Bone loss




Technology Development

ﬂ and Demonstration

t;\lr/ ® long term space environment
\ (microgravity, radiation, etc.)

ik
4

W= s * Prove reliabilityin relévant
ey . N ENVieninEREayance TRL-
iEeHnelegyaeadiness level) ¢
MRROVENGYIstics, maintenance,
consumables, and operations
| models (advance IRL-

] Integration readiness level,
| SRL-systems readiness level)

® Reduce risk to performance
when system IS Implemented
elsewhere




Earth Science

. Platfor'ﬁgpwlth full l eSAI9OWER
orbit (~ 4@O-km§ N e Y5
— All geographic Iocatlc”mS‘ SetwWeen b
— 85% of the Earth’s surface

— Variable (and precessmg) Ilghtlng (changes Wlt %” _ juent Passes)

— Well-suited for test bed concepts with Hardware
upgrades



Astrophysics/ F'U‘nda‘r“heﬂntal Physics,
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Benefits'wo Humankind
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Cancer. Treatment: Delivery— Microcapsules (micro-balloons) with desirable
properties developed on the /nternational Space Station were reproduced on
Earth and were successfuliin targeting delivery of anti-cancer drugs to
successfully shrink tumors in ground tests. A device to produce similar capsules
on Earth has noew been patented, and clinical trials of the drug delivery method"
will'begin soon;at MD Anderson Cancer: Center in' Houston and the Mayo Cancer:

-'" % 5 i Source: ISS Program Scientist, NASA



Macromolecular Crystallization— A Japanese scientist crystallized HQL-79

(hL]man pmﬁtaglandm D2 synthase inhibitor protein) on the Internatlana/ é
Space Sta entifying an improved structure and an associated water

molecule that was not previously known. This protein is part of a candidate
treatment for in Ibiting the effects of Duchenne’s muscular dystrophy. Continuing
work Is investigating other proteins and viruses.

|

Source: ISS Program Scientist, NASA
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. ical Technology, - The development and use of the-robotics arm for spac *x
. . 4 .

missions on the Space Shuttle and the./nternational Space Stationhas led to the =
jorld’s first MRI (Magnetic Resonance Imaging) compatible imagegg‘\.tj\ded, computer-1
assisted device specifically designed for neurosurgery. The device now. being used to
augment surgeons’ skills to perform neurosurgeries that are traditionally E‘:‘@@é!idered
difficult or impossible, thus leading to better patient outcomes.

Source: ISS Prog\ram Scientist, NASA



Regen ECLSS — Water recycling, oxygen generation, and carbon dioxide removal
are critical technologies for reducing the logistics re-supply requirements for
human spaceflight. The /nternational Space. Station demonstration project is
applying lessons learned form operational experiences to next generation
technologies. The resin used in the ISS water processor assembly have Eeen
developed as a commercial water filtration solution for use in disaster and.
humanitarian relief zones. e y
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Underst dlng Bone L

found th stfonauts lostian average of 1. 5 bone/mon‘ﬁ%"(& |Ia

menopausal- *

bone density+ Comparison of bone mineral density in the hip and g

astronauts__gn‘d healthy normal subjects will help to improve c\‘j;; N

prevalence of osteoporosis between dlffere.nt race and gender sub-groups on Earth as

We” a.S In Space e . i ™ Source: ISS Program Scientist, NASA*

o




Bone Loss Countermeasure supports drug development — In an investigation
performed on the /nternational Space Station by BioServe Space Technologies and
Amgen Inc., found the use of the protein Osteoprotegerin (OPG) as a bone loss
treatment nearly reversed bone resorption and declinations in bone strength. Results of
this study also yielded fundamental insight into mechanisms of OPG function. An OPG

pharmaceutical has since been released for use in bone loss in cancer patients.
Sourcée: 1SS Program Scientist, NASA
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Maintaining Bone Health through NUtritio
on the /nternational Space Station, bed resigenalogs, and laboratory cellular
experiments have,shown that Omgﬁ'a-?; fatty,acit c'b,unteracted bone loss,, indicating~
that diet-changes to include more fish may g‘r@?ct‘boﬁe lossglaeth in space and on
Earth. Studiesthave also identified a loss of Vitamin'Dlas; a concern for spaceflight,
leading toECOmMmMendations,for increased intake'in astronauts. This'recommendation

Was considered Insthe latest -R@A ecorjnmendation to increase Vitamin D intake for
a“ Americans Source: ISS Program Scientist, NASA

esults from the Nutritional StL'i'dy




Source: ISS Program Scientist, NASA






Ash and Steam Plume, Soufriere Hills Volcano, Montserrat 1SS021-E-5555, 18 October 2009
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http://eol.jsc.nasa.gov/scripts/sseop/photo.pl?mission=ISS026&roll=E&frame=33647�

Education - Intema ma/ .S‘pace .S“tat/an research has mvolved over 900 000
students in the U.S. and "1/er 31 m|II|
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e Students are exgited about space!
e Motivate in math, science, engineering, and technology
e lLong duration laboratory = many students reached
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NASA-led International Opportunities

e Over 31 million student8saround the world

e Amateur Radio on IS (A ,\I\
— 39 countries '

— Over 550 sessions
with the 1SS criéll _‘r- ' i

e Earth KnowleddERAGE i) 0)Y% Mlddf
School St en 15 (EartniCAN)S

-
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How Have Nonﬁartners Participa@d*




59

gentina
Australia
Austria
Brazil
Bulgaria
Byelorussia

Chile

China

Columbia
Croatia

Czech Republic
Dominican
Republic
Ecuador

Egypt

Fiji

Finland

Greece
Guatemala
Hungary

lle de La Reunion
India
Ireland

through 2010

Flags= ISS Partners
Names=ISS Non-partner Countries

ries Have Participated in ISS Utilization

Israel
Kazakhstan
Kenya
Kuwait
Lebanon
Malaysia
Mali
Mexico
New Zealand
Peru
Poland
Portugal
Puerto Rico

ﬁepuﬁfof

Korea

alwen
halland
rkey.

ralne



ts/examples of Non-Partner ISS Research

I
dmplemented through Roscosmos)

ffects of Micro-g on Fermentative Kinetics (MEK): kinetic rates of enzymatic reaction with
lipase and invertase

India (implemented through JAXA)
— JAXA — ISRO Cooperation agreement to develop Japan-India Microorganism Cultivation Unit
for cultivation of cyanobacteria, launch expected in 2011
Kazakhstan (implemented thro@h Roscosmos)

— Investigation of a Closed Ecological System (Biosfera): investigation of a closed ecological
system under space conditions.

Malaysia (implemented through NASA and JAXM
— Commercial Generic Bioprocessing Apparatus Science In - 01 (CSI-01): Malaysian seeds

(orchids, Malaysian red sandalwood and rosewood) exposure to the space environment.
— JAXA and Malaysian Government have an agreement on cooperation for hight guality protein
crystal growth witha tital of 6 investigations planned from 2009-2012 .~
Republic of South Africa (Implemented through Roscosmaos)
— Soluble Protein Crystallization: Obtaining Crystals of Soluble Proteins Fcglll' and Fcgell (SPC)

South Korea (Implemented through Roscosmos, NASA, and JAXA)

— Korean Astronaut Program-13 Measuring of Small Mass in Microgravity, -13): testing of
small mass measurement system in microgravity

— JAXA and KARI have a protocol for feasibility studies for Kibo utilizatio
investigations jointly

— NASA-Korean collaboration in physical sciences is under development




”I\/Iore Informatlon .

SPACE STATION
|ISS Reference Guide -
Cumulative Results Reports: T AL

NASA/TP—2009-213146-REVISION A |GG

NASA

Education on ISS 2000-2006:

International Space Station
NASA/T P - 2 OO 6 — 2 1 3 7 2 1 Science Research Accomplishments During the

Assembly Years: An Analysis of Results from

World Wide Web 2000-2008
http://www.nasa.gov/iss-science/

RESEARCH IN SPACE

Facilities on the Intemational Space Station

Facilities Catalog
click on “Facilities” at web link above e

ISS Research Blog “A-Lab Aloft” -
http://go.usa.gov/atl R L TSR CEY

i Twitter @ISS_Research
http://twitter.com/@ISS Research

Xk



http://www.nasa.gov/iss-science/�
http://go.usa.gov/atI�
http://twitter.com/@ISS_Research�
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