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ABSTRACT

NASA’s plan for enhancing space-based research capabilities begins with extended-duration Space
Shuttle missions that will double the research capability currently provided by Spacelab and
culminate in Space Station Freedom. The 14-day USML | mission flown on the Space Shuttle in
June 1992 was a space station precursor mission, dedicated to microgravity and life science research.

Freedom will be a permanent space-based research facility, providing a working environment nearly
free of buoyancy-driven convection, sedimentation, and hydrostatic pressure and featuring access to
the ultra-high vacuum of space (for external payloads). In its crew-tended phase, Space Station
Freedom will provide 40 times Spacelab’s capability, and in its permanently occupied phase,
Freedom will provide 110 times Spacelab’s capability. (The Russian space station, Mir, offers 26
times Spacelab’s capabilities.)

According to NASA’s current schedule, the first launch of a space station element will take place in
November 1995, with permanently occupied capability planned for September 1999. This year,
NASA will conduct space station critical design reviews (CDRs). Work package design reviews will
take place from February to April 1993, followed by a systems CDR.
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Objectives

Establish presminent manned
space iadoratory:

L 4 Life & material aciences

&  Technology agvancement

&  Earin & SPACE CLSATVELION

Build Infragtructure tor man's
evolving space exploration

.

Expand our nation's leadership in
civil space programs

Promote international participation
and cooperation

J Develop commercial opportunmes

and applications




Space Station Freedom Program Organizatior:
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Space Station Freedom: Scope

a Faciiﬂies

& Space Station Control Comer

‘¢ Payload Operations imtegration

Center

& Space Station Processing Faciiity
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& Pa raining
+ Engineering Support

Adjuncts

¢ Test Checkout and Monitoring
System

¢ Mission Planning System

< irgjeciory, Command, Analysis
and Timeline System
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& Japanese Laboratory & Exposed Facility
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Key Elements
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Research Objectives Overview
Design Drivers

~_LifeSciences - | ~ Material Sciences
B J  Space Biology ] Fundamental Mass Transport
Space Medicine ) Inorganic Materiats
Exeﬁoiagy and Biospherics [ Organic Matenais

Inherent Capabilities

Earth Sciences N Astronomical Sciences
Global Hydrology Plasma Physics
Climatology N J  Solar Physics
Geophysics I - -Astrometric Observations

MTC Capability

- 18.70 kKW power
ysers
JPressurized -voiume
¢ US Lab—~ 12 racks
& Node - 4 racks
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PMC Capability
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Payioad Resources Overview

PRESSURIZED VOLUME: 15 Payload Racks at MTC
48 Pavioad Racks at PMC

ATTACHED PAYLOAD -
ACCOMMODATIONS: 2 sites at MTC

£ zdos at PMC

LAUNCH CAPACITY: 8 Utilization Flights defiver 64 Payload Racks
=1 BO.000 foms
3 Mission Build flights provide accommogations
tor an additional 26 Payioad Racks
10 kW with 1 Photovoltaic Array
15 kW with 2 Photovoltaic Arravs
=0 kKW with 3 Photovoltaic Arravs

CTREW-TIME:. 4 Payioad Crew per 16-Day Utilization Fligh
= Payioed Crew Planned at PMC

50 Megabits / Second at MTC




Afttached Payload Accommodations

Four Payload Accommodation Sites with Resource Ports

h, nadir, ram, and wake viewing
§ ‘Nadir sites support equatorial and Earth imb remote sensing

lJ 120 wdc, 3.0 kKW, at each sit=
{4 1000 - 3000 cubic feet claarance snvelope

] 400 - 700 kbps data downlink, scarred for growth 1o 10 Mbp=

Payload Resource Allocatiors

Among the Four Fariness
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Greater Utilization Capabilities
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Benefits of the Space Environment

@O Absence of buoyancy-driven convection
Q Absence of sedimentation
O Absence of hydrostatic pressure

3 Presence of ultra-high vacuum

Research Objective:
Technology advances through improved
control of process variables, such ae
, temparature, composition and flows




Absence of Buoyancy-Driven Convection

O Microgravity conditions eliminate convective
flows in molten metals, liquids and gases due to
density differences

Diffusion becomes the primary mechanism for
thermal and mass transport

Diffusion processes can be accurately predicted
—and controlied

important applications:

- Dopant distribution in crystal growth
dentification of mechanisms for segregation in alioys
Prevention of mixing in purification processes
Understanding of fluid dynamic effects in systems
undergoing phase changes

Absence of Sedimentation

In Earth ?ravuy it Is possible to maintain a
—suspension of particles In a fluld if the
particigsare<1 m

Microgravity conditions permit suspensions
mﬁﬂg particles >>1 m

Important applications:

—  Chemical refinement of ginsses
Preparation of unique foams {ultra-light structures)
Prepamtion of immiscible alloys
Imbroved Botvr




Absence of Hydrostatic Pressure @

3 Microgravity conditions eliminate the tendency for
a liquid or solid to deform under its own weight

J Important applications:
—  Modification of critical points in solid, liquid, and gas

phase transitions
Ability to form stabie floating zones large in length and
diameter {an important crystal growth technique) ;
Formation of thin oxide skins to produce intricate casting
molds ,
Growth of large complex macromolecules, such as
proteins, for structural analysis and drug design

Presence of Ultra-High Vacuum

Q Vacuum chambers on earth approach 10°* tor,
however, pumping capacity is limited unless
large ogenic panels are used (incompatibie
with high heat loads in molten systems)

2 Space vacuum approaches 10 '® torr with
virtually infinite pumping capability

J Important applications:
- High temperature materiais purification
Vapor deposition on ultraclean surfaces
Preparation of thin single crystal films
Use of container less techniques to avoid container
contamination




Near Term Milestones

September 1992 Canadian Mobile Servicing Center (MSC) Phase 1 CDR
2nd Qtr 1993  Man Tended Capability (MTC) Critical Design Review (CDR)
4th Qtr 1993 . Peimanently Manned Capabliity (PMC) CDR
October 1993 Canadian MSC Phase 2 CDR

November 1994 European Space Agency (ESA) Attached Pressunzed

December 1994 Japanese Experimental Module (JEM) CDR
“Ath Qfr 1995  First Element Launch (FEL)

3 Space Station Freedom satishes our
‘ mannead space research objectives

& Life & matenai sgence=
& Technology advancemen
& Earth & space observanuon

a Space Station Fresdom represems mans
- gyl esiploration in space

O Spuce Station Fresdom demonstrates
our NANON'S Ieagersnip N INBMELonS
Space programs

Space Station Freedom canseve as a
model for all uture muiti-nANONaE spacs
ENaeavors v
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Great Nations Dare To Explore

it's Time For America To Take Its Place On The Final Frontier







