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ABSTRACT

One of the primary goals of the National Aeronautics and Space Administration's (NASA)

commercial space development plan is to encourage the development of space-based products and
markets, along with the infrastructure and transportation that will support those products and

markets. A three phased program has been instituted to carry out this program. The first phase utilizes

government grants through the Centers for the Commercial Development of Space (CCDS) for

space-related, industry driven research; the development of a technology data base; and the
development of commercial space transportation and infrastructure. The second phase includes the

development of these technologies by industry for new commercial markets, and features unique

industry/government collaborations such as Joint Endeavor Agreements. The final phase will feature

technical applications actually brought to the marketplace. The government's role will be to support

industry required infrastructure to encourage start-up markets and industries through follow-on

development agreements such as the Space Systems Development Agreement.

The Office of Commercial Programs has an aggressive flight program underway on the Space

Shuttle, suborbital rockets, orbital expendable launch vehicles, and the Commercial Middeck
Accommodation Module with SPACEHAB Inc.

The Office of Commercial Program's has been allocated 35% of the U.S. share of the Space Station
Freedom resources for 1997 utilization. A utilization plan has been developed with the Centers for

the Commercial Development of Space and has identified eleven materials processing and biotech-

nology payloads occupying 5 double racks in the pressurized module as well as two payloads external
to the module in materials exposure and environment monitoring. The Office of Commercial

Programs will rely on the Space Station Freedom to provide the long duration laboratory component

for space-based commercial research.
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Opportunitiesfor CommercialResearchin Space

• Objective

- Conduct industry driven, space based, high technology, applied

researchand to allow U.S industry Io develop new or improved
commercial products

• Goal

- Increase the private sector parlicipation and inveslment while
diminishing the associated up-front financial and lechnical risks

Office of Commercial Programs • National Aeronautics and Space Administration
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Commercial Research Plans and Opportunities

• The Office of Commercial Programs relies on the Space Station Freedom
to provide the long duration laboratory component for spacebased
commercial research

• The Office of Commercial Programs is creating all of the ingredients in
the recipe for the success of US private sector leadership in space by
providing:

- Opportunities for focused research

• Centers for the Commercial Development of Space

- Basic experimental apparatus
• Material science furnaces

• Commercial refrigerator/incubator modules

• Thermal enclosure systems

- Precursor experimental space flights

• Space Shuttle
• SPACEHAB

• COMmercial Experiment Transporter

• Wakeshield FacilelyOllico of Commercial Programs • Hotionnl Aeronautics and Space Administration
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Mechanisms for Commercial Research
Relationships with Industry are in Place

• Affiliation with the Centers for the Commercial Development of Space

• Collaborative agreements with NASA

(JointEndeavor Agreement, Technical Exchange Agreements)

• Reimbursable flight agreements

(Space Systems Developmenl Agreement)

Ollice of Commerelal Programs • National Aaronautlce and Space Administration
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The Office of Commercial Programsencourages

and supportsU.S. private sectorleadership in
space-relatedcommerce

Offioo of Commercial Programs • National Aeronautics and Space Administration
CE-9C_4-I 07/'22_

Centers for the Commercial Development of
Space (CCDS) Program

• Non-profit consortia of industry, academia and government

• Conduct industry driven space-based, high-technology research and
development

• Research areas include materials processing, biotechnology, remote
sensing, automalion and robotics, space power, space propulsion,
space structuresand communications

• Created in 1985 to maximize US industry leadership in commercial
space-related activities

• Designed to increase private sector parlicipation and investment in the
commercial development of space

• Provide a way for U.S companies to pool resources and expertise while
diminishing the associated costs and risks

• To parlicipale in the CCDS program, a company should contact the
appropriate CCDS Center Director

O|fico of Commercial Programs • National Aeronautics and Space Administration
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Centers for Commercial Development of Space (CCDS)
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CurrentCCDSCommercialTechnologies
Aebum
Solar FurnaceSatellite
cC,,ysla]Grawll) d Ee_ron_ Materials

omputotionolModeling ol L.a_lng
Processes

SolutionC_/stolGrowth
_Polym__rCc_rx:_sltes. ^ _
FloatZone C_,,stalGrowth- (...dle
Zealite C_stol Growth
Doped Non-Linear Optic Substrotes,
Investigationsinto Palmer Membranes

_/=mm
PlanlGrowlh Apparatus
Blood Rheatog/;Experiment .
r,._enericBloprocessl_ Module
Autonomous Biomedical Test

Apparatus

C_ Western

Materials Exposure- Basic, Advanced,
& Applied

CSrA_ TexasA,_UW
Cryogenic FluidMenoge menl Micro Heat Pipe Evaluation
Electric, Chemical Propulsign Frozen Startup d Heot Pipe
IndustrialLose"SystemApplications Microwave PowerTransmission

Flgef_A,t/an_ _¥ d .,=J_bame-Birm/ng/mm
TransmissionTechniques ProteinCrystal Growth

Of_io S_e U_e_ly d Alaboma-Hudsvi_,e

RemoteSensing& Mopping PolymerFoam
hlomic Oxygen

_ Electrodepositton
B,iomodule 30 Acceterometer
Telemedicine ImmisciblePolymers
BiOSeL:L"arotions Nuclear Track Detectors
Bone Densilomelry Space ExperimentFocilil'y
Physiolog_alS_s Experimen! Non4.inear Oplicol AAoterioJs
U_lh!Slimulalor _&PhotonDelector Sinlered & AIE?ed Materials
Commercial ElectrophoresisSy_em High-TernR Superconductors

Materials DispersionApparatus

utonomousRendezvous& Docking Ur,h_m'¥dM=_=nd
AutomatedMicrOgrOvltyJ_olerials Hybrid Nelworks

Processing
WCgUl

_ AstracultureTM

Zeolite Cry__OIGtow_ RemoteSensing& Applications Bioregenerative Woter System
Low-TampSolidificalion. _
Liquid EncapsulatedMelt (one Chemical,Molecular Beam Epilaxy
DireclionalSolidification- Cd le Grawlh
ChemicalVapor Transport- CoTe
CommercialSolutionGrodn Facility
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ActiveCommercialAgreements

Company Venire SK_.s

I;R_Ta a'_r._:_.L,_.Jm.-t,tl:f..,:. ,

Instrumentotlon Slandordized Hardware under
TechnologyAssociates ExperimentsCarrier development,firstflight

TBD

3M(lOyearsl Reserachinorganic and
polymer chemislry

Firstpayload Ipm) STS-
34 (Oct 19891

Boeing Aerospace Crystal growlh Hardware under
Company (BAC] experlmentson the shuttle development firstflight

planned for STS-52
lSept, 1992)

Autometric, Inc. High resolutionhondheld Signed 4/2/91
female sensors

fwl;nT-i,_.x.Jo_i.,_l_-T.J|_iit[qflf

Universityof Alabama-
Huntsville
Instrumentalion
TechnologyAssociates

_Offlce of

Mateflals processing
usingo minimal
dispersionapparatus

Commercial

Firstflight planned for
STS-52 (Sept.921

Programs * National

Requirement

2 flights
[cross-boycarrierl

62 flights
[20 middeck; 42 cargo
boy)

3-5 flights
IMar)

Access to NASA
Imagery fromthe
ElectronicStill Camera
developed by JSC

5 flights
1 locker

Aeronautics and Space

Flights
Completed

0

3

0

0

Administration

CE.9025 7_t_92

FlightPlanning

OOlfico of Commercial Programs • National Aeronautics end Space Administration 103



CommercialTransportationModes
Commercial developmenlof space programs requirea

varietyof transparotionmodes, and an assured, frequent,

cost-effectivemeansto accessspace

Variousshuttleexperiments(continuing]

S ,ti r o 

A i A
v w w

Subc_bitolrockets

-30-35 KC-135peyIood-fliQhtsperyear
Parabolicaircraftflights(continuing)

I l I I
1990 1991 1992 1993

lw _ 11w 11v

Orbitandrecovery(COMmercialExperimenlTronspoder- - r)

199d 1995 1996 1997 1998 1999

*Mony carrie'and interfacecon/igurotionsnothighlighledhere

Office of Commercial Programs • National Aeronautics and IpnGo AdminietraUon
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Flightsof U.S. Commercial Payloads
P'aylO_l IN_lme NO. o1 t-Ilgi_lS J MlasIon, s

IST@_.A,_lro_._lure

Automated Generic Bioprocessin_ ApparaTus
Biomedule

Btoserve Instrumenlation Materials _spersion App 2
Co_irtuo,Js Flow Etectrophor esis (I, II, & Ill) l

Oenwxing ofIn_isc_blePolymers Mixe_ 2

Oiff_s/ve 'Mixirlg' 61Organic So.lutions 2

Directed Polymerization Apparalus (USML- 1 GBX exper.) 1

Etastomer-Mod}tied Epoxy Resisns Healers 2

• Elecuodeposition Cells
Equipment for Controlled LiquidPHase Sinlering.
Ruid Experin_nt Apparalus
Foam-Formation Device

Gelatlon el 5OLS: Apl tiled M_crogravily Research
Gene_ic B/oprocessin Apparalus
Pmte_ Crysta_ Growth (Hand-Held, VDA. PCF, CRtM

Investi_atzons ate Polymer Membrane Processes
Investigalions into Polymer Membrane Processing

Maleriats Dispersion Apparatus

2 IConsort 3.4

ST,_ 37.43
$T$ 4.6,7,8.12.16.L>3

Censor1 1.3

$T:_ 14.23
STS 5O
Consort 1.3

4 Consort 1.3.4. _TS 40 (GAS 1051

r Conwrl4
2 $T$ 30.32

2 (_onsorl 1.3
t STS 42

2

3

4
5

E
l

8
g

'10

11
12

14

14"

2
16 STS t5.19.23.24.26.2932.31.37.4_,48.42.501

17 Cqn$_MI 3,4

'i8 STS 31.41.43.4_,42.45.50
19 Consort 1.3.4

20 Met_, Sinterin_] Furnace 1 C0nc,off 1
21 Non-Linear Opticat Ct'ys_ Growth (DAN)-UAW|BM 1 _'TS 40 tGA$1051

22= Non-Linear Optical Crystal Growth (DAN).-UAH/IBM 1 _rs 4o (GA,_!0(5)
23= PhysiCal Vapor Trar.spof( of Organ_ Solids 2 :3TS20.26

24 Physiological Systems Experiments I }T_; 4[
25 Resma Particle Generation 1 ' 3onson 3

2'6 Polymer Curing/Experiment t _,9ns_ 4

27 Pal ¢ner Morp_o_gy 1 .. }T@ 34
2_ Pot _x',erThin Films 2 .3onsort 3. $TS 40 (GA_ t(_)

2_ Ser a_'ationof Aqueous Phases t STS 40 (GA_ 10_)
3(] ','_paceFormed SZructural Beam (Foam Foundal_on Device) 1 ICQn_ 4
31 Yeast Experiment I STS 40 (GAS 105|

zeo_ta _zys_ urowm r _T_; so

Total number of payloads flown - 73"" Hardware Items - 32

0 • The Protein Crystal Growth expen'mants were shared between the OCP and OSSA

"" A payload-flight, one flight of one payload. Therefore, one flight with = 3 payioad-#ight

fflce of Commercial Programs • National Aeronautics and Space Administration



FlightProfile

Payload
Tests

80"_ [] Space Station

70tl a SP,CCEHAB I II

50.tl Sou.,,,.,,,o.,o, III lilY!
40- [] Shuttle

3O

2O

1989 1990 1991 1992 1993 1994 1995 1996 1997

Fiscal Year

Ollleo el Commewciol Prolrnms • National Aeronautics and Spice Admlnistrelinn
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Office of CommercialPrograms
Near TermFlightProjection

Flight Sponsor Payload

STS-46 Case Western L_i_l D.ral.0nCondidoseMo_efiaJsExposure13)"
UAH/La=AIQmo=Na*lLabs CONCAP-U*ICONsoeu-_co,_,_ _ Pa¢,,o,_}

UAH/Teled_ Brown CONCAP-III'IC_ Comf_ ,_onomou_PaC,oadl

Launch Date

Jul 19@2

CONSORT-05 Penn SIote PennSlate Biomodule* Sept. 1992
UAH Orgonic Seporotion*

PolymerBe0m*
Equipmentfo_ Conlrolled LiquidPhase
Sintering Experiment*

Materials Dispersion App,.talus*
Poh,met Foomsand Films
Sintereclend Alloyed Moleriols*
Eleclrodeposition"

Wisconsin Performanced Light-EmittingDiodes in
Microgravily*

STS--47 UAB ProteinCr_al Growth** Sept 1992

STS-52 Boeing Crystalsby Val__r TransportExperiment* Oct 1992
UAB ProteinCryslal Growth*

PennState Univ Philological SystemsExperiment*
UAH/ITA (...o_merciolITAMoteriols Dispersion

Experiment*

STS-54 Bioeerve Generic Bioprocessing Apporolus* Dec 1992

Nile: _unb flightdatesacebasedonInt_nalman_eslplanningon0/4/92

Office of Commercial Programs • National Aeronautics sod Space Administration t_1_
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Office of CommercialPrograms
Near TermFlightProjection(continued)

Flight Sponsor Payload

COMET-O 1 Bioserve

UAH

Penn Slate
UAB
ERIM
FAU

Texas A&M

Autonomous Biomedical Test Apparatus*
Plant Growth Apparatus*
Malerials Dispersion tnvesli_alions*
Non-Linear Opficat Materials *
Atomic Ox_en*
3-Dimenston" _1Microgravity Accelerometer"
Biomodule*

Protein C_/stal Growth*
Autonomous Rendevous Docking *
Motorola Communications Experiment*
Frozen Stirrup c_ a Heat Pipe in Microgrovily*

LaunchDate

Mar 1993

Case Western

UAB

Batlelle/Amoco

STS-51 Advanced Communications Technology Mar 1993
Satellite

Limited Duralion Candidate tv_terials Exposure

(2J*
Commercial Protein C_,stol Growth
Investigations into Pc_cher Membrane

Processing"

STS-56 UAH/tTA Commercial ITA Materials Dispersion Apt 1993
Experiment

" Assigned

"" OSSA ,Sponsored-_c_ntflighl ActhCey
Note: shugleRighldates are basedon Internal monJte_pla_ln 9 on 6/4/92

Office of Commarcial Programs • National Aeronautics and Space Adminlslratlon
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Office of CommercialPrograms
Near TermFlightProjection(continued)

Flight Sponsor Payload LaunchDate

STS-57 Battelle S_cehabO1 May 1993

Investigolions into Polymer Membrane
Processing *

Solution C_stal Growth*
/eotite C rys.tol Growth
Biosefve Pilot laborites*

Commercial Generic Bi'oprocessing
Appo_._rotus*

Lif:luiclEncapsulated Mall Zone- 1*
Physiokxjical Systems Experiment*

Commercial Protein Crystal Growth*
Advanced Protein Crystal Growth*

Equipment for Controlled Liquid Phase
binterin_*

Or qonic _1_.. rolion*
3-Dimensional Microgravily

Acceleromeler* _:_:_
Astrbcuffure* _L___._.____

Gas Permeobie Polymer Material*
Al_plication Sl_i!ic Preprogrammed

I:xperimental (,.,ulture(plus other Space
Life ,SciencesoOivilies)*

Sl:_ce Acceleration Measurement System*
CONCAP il
CONCAP iV

Biose_e

Clorkson
Penn State Univ

UAB

UAH

Wisconsin
LaRC
jsc

I.eRC
UAH
UAH

* Assigned .......
°* OSSA S_ - l_nt FllghlActMly _ ___.....
Note: ,Shutt_eg_ht do_s are ba_d on in_maJmanifestplonningon b/4/92
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CommercialUtilizationof SpaceStation
Freedom

_Ofiica of Commercial Programs • National Aeronautics and Space Administration

Rationale for Commercial
SpaceStationInvolvement

• Provides the important long duration laboratory component which will
enable commercial technologies to transition to new, spacebased
markets

• Provides natural evolution from shuttle experience for commercial

payloads

• Adequate rack volume and power to support commercial payloads

• Most commercial payloads can operate within Space Station

microgravity levels

• Payloads can take advantage of untended periods free flyer
environment

• Allows for commercial infrastructural considerations

Offlce of Commercial Programs • National Aeronautics and Space Administration
(_E-gO_6-t 07/ggt_
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CommercialSpace Station Freedom
Planning Team

Commercial Space Station Planning
NASA Headquarters/MSFC

- UA- Huntsville - Texas A&M University

- Banelle - University oF TInnesse/CSTAR j

- aa,_ Universily - Florida Altonlk: University

- Univefs|ly d Houslon - Uni_lly o_Maryland
- UA. Birmtnghom

- Un_rsity d Cokxado
- P_mn Slal_ University

- Uni_sity of Wisconsin- Madi_o_

- Ohio State University

- 110 Space R_note ,Sendng Caml_"

- _ Unl',,_'_ity

- Cam Western Reserve Unive_ify

- Envlronman;af Re_ar¢_ Instilu_ of MIcht_Ion/SPARC

- Boeing
Rocb,_ll Int'l

- 3M
-rrA

- SPACEHAB
-MJ_A

- ARC
- GSFC
- KSC
- LaRC

- /V_C

-SSC

- JSC

Office of Commercial Programs • National Aeronautics and lipace Administration
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SpaceStationFreedomResourceAllocations

UlilizalionResources

OSSA- Science: 65%*

OCP- Commercial: 35%*

OAST- Technobgy: 15%*

O_/OSSD- C_her: 10%*

* Utilization plonning guidelines oUow

Ihe latal resourcesusedby NASA's
UserSponsc_sto equal 125_, forthe

launch minus5 year timeffame.

NASA MOSST
U.S.A. Canada

ESA
Europe

STA
Japan

71.4% 3% 12.8% 12.8%

1997 OCP SSF Resources

PressurizedUp Mass: 4,352 kg

PressurizedDown Mass: 3,784 kg

Unpressurized Up Mass: 4,209 kg

Unpressurized Down Moss: 7,073

VolumeUp: 9.5 DRE

VolumeDown: 7.1 DRE

Power: 3 kW

Downhnk: ;0,472 kb/s

Clew Time: 436 hours

Oato Storage: 92 tobies

RacksOccupied On-Orbit: 5 DRE

TrussAltach Poinis: 0.7 APs

Office of Commerolal Programs • National Aeronautics and lip ace Administration
c_-go79 07F_g_



OCP SSF Utilization Traffic Model _ __
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Space Station Freedom Flight Manifest

CY'96

ME-(

Payloads (_z_s

8CF'Z 1
Biomodule
BWS !

8ZCG b

CCGF i
CCGS

GBR j

LOSE (external) !

PCG h
PSE

SEMS-1 (external) i

TEMPO

BITE i
i

CMOX !
MICRO !

ORSEP

Foam Sln_luee (external) ;

MD/CBAP I
i

PEMCELL
=

USCEPS

CY'97

UF-1 UF-2
(5/97) (8,'97)

CY'g8 CY'99

• • • • • •

UF-3 UF-4 UF-S UF-6 UF-7 UF-8
(_(_7) (sin.s) (s_e) (_,_g) (,s_9) (_)

....... _EFLIGH ........

i

I

;' i

m

I::I::s:_FL/GH_

m
.m.
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Office of CommercialPrograms
SpaceStation Freedom Payload Heritage

SpaceStation Freedom Payload 1991 ] 992

Precursor Flights

1993 1994 1995 1996

Zeolj1eCt'ystolGrowth IZCG)
_attelle
J Applications:Kidneydialysis,radloaclivewastecleanup,

petroleumprocessing
= Afflttales: Amoco ChemicalCo., DuPont,Intek,

TeledyneBrown

ProteinCrystal Gov_h _PCG)
UAB

: Applications: Humangamma-lnlerferon,IsocllratelyaseAffiliates: ,Scherlng-PIo_gh,BurroughsWelkome, DuPont,
Oenentech,Vertex,SmtthKline& French,Upjohn, Eli Lilly,
EastmanKodak, Bioc_t, SpaceIndustries,Inc.

Bioreqenerotive Wate_ System{BWS)
WSCAR

i Appl/calions: Con/rolledplantgrowthenvironments,waterreqenerattonfor spaceappl/cotlon
Afflltales: QuantumDevices,Inc., Phytdarmsof Ame_ca,
fnc,.AulomaledAgricultureAssoc.,Inc.

Module fo_(ntegrated Cell Research In C_bi_'(MICRO)
Bioserve

Applications: Membraneformation,crystalgrowth, celtcullures,organismgrowlh
AffIHates:hlaza, flail, Boeing,CentralBiomadia,DuPonl,
Omni Oala,JuvenileDiabetesFoundation

x._,,

Offlco of

5oundJngRockelG. GasCan

Commercial Programs • National Aeronautics and Space Administration
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OCP Payloa.d Development and Transition to
Space Station Freedom

• OCP has an active flight program using Middeck, sounding rockets, gas

cans, and KC-135s to develop experiments

• OCP intends to extend the flight experiments which are successful on
these carriers to the Space Station Freedom

• OCP has a draft traffic model and a flight plan for development flights of

payloads on various carriers to gel us from the present to the Space
Station Freedom time frame ...............

• OCP will rely heavily on the existing carriers plus COMET and

SPACEHAB for payload development and transition to Space Station
Freedom

QOffice of Commercial Progrcms • National Aeronautics and Space Administration
_AE4_44_g 07/22R_



V/s/on

• Stimulatingprivate sectorinvolvement in

space-related activitiesto enhance the

competitivenessof U.S. industry, promote the

nation's economicwell-being, and improve the

overall quality of life

Office of Commercial Programs * National Aeronautics and Spaoe Administration
CE-g_4- 7 07/28/g2
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