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Agenda
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INTRODUCTION R. B, DEMOReT
EXECUTIVE SUMMARY S. R. ScHrock
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Executive Summary

AGENDA

e ProJecT ORGANIZATION
® SUBCONTRACTOR SUPPORT
® PROGRAM SCHEDULE
® STuDY FLOW
@ User Mission DaTa DEVELOPMENT
® REQUIREMENTS DEVELOPMENT
@ Misston IMPLEMFNTATION CONCEPTS
® CosT/ScHEDULE/BENEFITS ANALYSIS
® TECHNOLOGY ASSESSMENT
@ ForeigN User DaTA
® DOD Tasks

® Stupy SUMMARY




Project Organization

Executive Management Council

— R. J. Polutechko, Chairman, VP
& Gen Mgr, Space & Elec Sys,
Denver Aerospace

— A.T. Young, VP Res & Eng.
Martin Marietta Aerospace

— K. P. Timmons, VP & Gen
Manager, Michoud Div

= J. W, McAnally, VP Tech Ops
Denver Aerospace

— P. B. Teets, VP Bus Dey,
Denver Aerospace

— J. W. McCown, VP Advanced

Sys Div, Denver Aerospace
— A. M. Norton, VP

BPevelopment, Michoud Div

- J. L, Burridge, VP & Chief

Space Station Needs
Attributes & Architectural
Options Study

Program Manager
Sherman H. Schrock

Space Launch Sys, Space Launch

Product Development

Manager
T. J. Sisk

Michoud Interface

Science Mission Panel

Business Management

— K. J. Coughlin,
Benver Aercspace, Chairman
— Dr. G. Columbo,
Univ of Padua
— R. Gibson
Martin Marietta Corp, London
— Dr. R. Goody,
Harvard Univ
— Dr. D. Hunten,
Univ of Arizona
— Dr. R. Johnston,
Texas Medical Center, Inc
— Dr. D. Koelle,
MBB, Germany
— Dr. M. McElroy,
Harvard Univ
— Dr. G. Pettengill,
MIT

Engineer, Denver Aerospace Manager
B. F. Elam M. M. Bretting
i | 1 |
Mission Mission Implementation Cost & Programmatic DOD Task
Requirements Corcepts Analysis Assignment
Manager Mananer Manager . Manager
T.J. guilivan T4 gassar T. A. Mottinger T. K. Sulmeisters
Ball Aerospace Hamilton Standard D. Eimers INFOTEC
R. M. Scott | A. Q. Brouillet C. Johnson R. Horrigan
USRA . Sevier c. El’a‘ﬂon ‘I}I ;:;V"yake Michoud: J. Trottner
. J. Leritz . Navarra R. Ernst D. Wenger
F Steputis S.Pompea B. Marcy ? h
F.Bartko S.Wenger M. Merriken B. Lockhart  R. Skidmore T. Tanksley B. Wilde

K. Bradford A.Wildgen G. Noonan
J. Freidell G.Stone  J. Trottner
L. Henton  A. Fier
J. Ml 8. Goudy A. Wudell

Michoud: C. Ewing

A. Vandenburgh

G. McAllister V. Thomas

Michoud:

J. deGeneris, W. Gilmore
M. Dillan, P. Mitchell




Science Missions Panel

o PanNEL Make-Up

- INTERNATIONALLY KNOWN SCIENTIST AND AEROSPACE LEADERS.

® [ASKS

USER REQUIREMENTS UNDERSTANDING AND DEVELOPMENT.

USER REQUIREMENTS PROJECTION,

VALIDATION OF TIME-PHASED SCIENCE OBJECTIVES,

INSTRUMENTATION AND OPERATIONS.

i




Executive Management Gouncil

® PURPOSE

~ ASSURE INFUSION OF CORPORATE IDEAS AND KNOWLEDGE:
- GAIN ACTIVE PARTICIPATION AND INTEREST OF TOP CORPORATE
DECISION MAKERS IN THE SPACE STATION PROGRAM,
~ GAIN BROAD PERSPECTIVE THROUGH MANAGEMENT'S CONTACTS WITH
LEADERS FROM INDUSTRY AND GOVERNMENT.
- BRING TO BEAR EXPERTISE IN BROAD FISCAL PLANNING.

® SPECIFIC TASKS

STRATEGIES TO DEVELOP USER CONSISTENCY.

DOD IMPLICATION AND REQUIREMENTS.

i

INDUSTRY INVOLVEMENT IN SPACE STATION,

REVIEW STUDY RESULTS.




§_pace Station Subcontractors

BaLi AEROSPACE

@ User Mission REQUIREMENTS DEVELOPMENT
- SOLAR -  CoMMERCIAL
- EARTH RESOURCES - APPLICATIONS
Un1vERSITY SpAacE ReseArcH Association (USRA)
® User MissioNn REQUIREMENTS DEVELOPMENT AND VALIDATION
- ATMOSPHERIC SCIENCES -~ ASTRONOMY
- SPACE PHysIcs - LIFE SCIENCES

-  REMOTE SENSING - MATERIALS PROCESSING




USRA Member Institutions

Alaslca, University of

Arizona State University

Arizona, University of

Bostan College

Brown University

California, University of {Berkeley)
California, University of (Los Angeles)
California, University of {San Diego)
Case Western Reserve University
Chicago, University of

Cornell University

Denver, University of

Georgetown University

Georgia Institute of Technology
Harvard University

Houstaon, University of
lilinois, University of (Urbana)
Indiana University

Johns Hoplkins University
Kansas, University of

Lebigh University

L ouisiana State University
(Baton Rouge)

Maryland, University of {College Paric)
Massachusetts Institute of Technology
lviichigan, University of {(Ann Arbor)
Minnescta, University of (Minneapolis)
New Hampshire, University of

New York, State University of
{Buffalo)

New York, State University
of (Stony Brook)

New York University
Northwestern University
Ohio &tate Unijversity
Old Dominion University

Pennsylvania State
University

Pittsburgh, University of
Princeton University
Purdue University

Rensselaer Polytechnic
Institute

Rice University

Rackefeller University
Stanford University

Texas A & M University
Texas, University of {Austin)
Texas, University of (Dallas)
Toronto, University of

Virginia Palytechnic Institute
and State University

Virginia, University of
Washington, University of

Washington University
{St. Louis)

William and Mary, College of

Wisconsin, University of
{Madison}

Yale University




Space Station Subconiractors (Cont'd)

INFoTEC DeveLopMENT Inc (IDI)

@ DerFiniTion oF DOD INFRASTRUCTUE COMMUNICATION INTERFACES

- ProuJecTep AFSCH To anp Beyonp YEAr 2000

-~ Ways To use Space STATION WITHIN THE AFSCHN

- SPACE STATION INTERFACES OR ENHANCEMENTS OF
speciFic DOD SPACE PROGRAMS

HAMILTON STANDARD

o Space Station ArcHITECURE, CosST, AND SCHEDULES

- ENVIRONMENTAL CONTROL SYSTEMS
- LIFE SUPPORT SYSTEMS

- HABITABILITY

- EVA sysTEMS




Study Schedule

s
1 sepT § ocT | wov ] DEC 1 AN | FEB[ i MAR__1ApR
MAJOR REVIEWS & REPORTS 8/23/82 ATP 4A ORIENT.MTG] MID 4] 11/16 FINAL ADRAFT & FINALA
8/26 | TERM 2/21/8 REPORT
MONTHLY STATUS REPORTS AS/27 | &10/27) A11/29|a12/23) a1/28)4a2/28} 4722
EXECUTIVE MANAGEMENT REVIEW COUNGIL MEETINGS
P

3.1.1 USER MISSIONS rrrrrIrrIZ Y =
3.1.2 USER MISSION REQUIREMENTS rrrrrrrArs )
3.1.3 REQUIREMENTS RELATIONSHIP TO CURRENT  f(Zzzzrrrrrzz¥ =

STS
3.1.4 SPACE STATION USER ACCOMMODATION 2 .

REQUIREMENTS
3.1.5 MISSION ALTERNATIVES AND ACCRUED rrrrrrrr A 3

BENEFITS N
3.2.1 PROGRAM OPTIONS B e T —
3.2.2 SYSTEM ATTRIBUTES AND CHARACTERISTICS S = =
3.2.3 RECOMMENDED EVOLUTION PLAN J — =
3.3.1 SCHEDULE ANALYSIS rrrrr A -
3.3.2 COST AND BENEFITS ANALYSIS ez A =
3.4.1 SPACE STATION INTERFACES WITH mES S EEEEEEEE =

DOD SPACE INFRASTRUCTURE
3.4.2 DOD'S INVOLVEMENT WITH THE STS Tz =
3.4.3 DOD OPERATION WITH THE SPACE [ =

STATION
3.5.1 NASA PERFORMANCE REVIEWS AND Tz rrrrrrrs

DOCUMENTATION
3.5.2 DOD PERFORMANCE REVIEWS AND LSS C S SSEE S

DOCUMENTATION A1t
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Flow

From User -—_—::> : c ; National F;reign
Communities Science Applications Commercial Space Ops Security User*
\\ l‘ - T J/ .————/*[ntegrated I
Time-Phased Objectives II
195511: — ] J 2000 by NASA R
es?rd Rgmts 2 \ — Service . E
alidation - TR - - — Assembl
Benefits — USRA |Consolldated Discipline Rgmts -q——-»l Operational Flequarementsl Construzti on 8
— Scientist ; 7 — Delivery/ [
— NASA : Retrieval R
~ gall | STS/SS/IFF Analysis | Technology Assessment | B Etcr B
— Infotech 1 Ui
- Social — Ete Misston l User Mission Regmts ﬁ
Functional
- Solar :
Analysis Technology lteration 1
< > Accommodations 1 Astronomy Eevelopxge&t S
eqmts an
]
_ T
| SN = Tt Comret R
— Economic Detaied Mission Reqmts — Attitude Control A
Regmts Definition S5 Mission Model — Etc E
. Space Station B
Program Options 0 |
— Performance __==-].l — Single Station  — Low Early Cost Support Reqmts L
i
T
Y

— Multiple Stations — Etc

Cost, Schedule &
Benefits Analysis

Arch. Option to Support Program Options

| 4

Eiement Definition & Characteristics

N\

Recommend Space Station

Architectural Concept/AttributesI

Initial

Capability

-

Growth

A-12 1\
Ultimate

Increments

Capability

B ——
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User Mission Data Development

APPROACH

o © ® 6 &

RESULTS

QUALIFIED PERSONNEL

ComPREHENSIVE CONTACT PLAN

SERVICES OF RECOGNIZED EXPERTS/SUBCONTRACTORS

DeFiINE LonG-RANGE OBJECTIVES AND IMPLEMENTATION CONCEPTS
Desien ConcepTs To TAKE ADVANTAGE OF SS SPECIAL CAPABILITIES
DATA VALIDATION/TRACEABILITY

112 PersoNAL INTERVIEWS
99 PHonNE INTERVIEWS
20-YEAR OBUECTIVES/IMPLEMENTATION CONCEPTS
- SoLAR Puysics -~ PLANETARY
- ASTRONOMY - MATERIALS PROCESSING
- EarRTH OBSERVATIONS
OPERATIONAL SUPPORT REQUIREMENTS
TEcHNOLOGY DEVELOPMENT REQUIREMENTS
USRA PaneL AND CoNSULTANT MEETINGS
INTERVIEWS HAVE GENERATED INTEREST AND GAINED SUPPORT FOR SS




Candidate Astronomy Missions

Large Deployable Reflector (LDR)

' Space Telescope (ST)

Large Area Modular Array X-Ray Telescope (LAMAR)
X-Ray Timing Explorer (XTE)

Advanced X-Ray Astrophysics Facility (AXAF)
Extreme Ultraviolet Explorer (EUVE)

Gamma Ray Observatory (GRO)

X-Ray Observatory (XRO)

Starlah

Shuttle Infrared Telescope Fagility (SIRTF)

Gravity Probe-B (GP-B)

Cosmic Background Explorer {COBE)

Orbiting Infrared Submillimeter Telescope (QIST)
Infrared Interferometer

Gravity Wave Interferometer

Coherent Optical System of Modular imaging Collectors
100-m Thinned Aperture Telescope (TAT)

Very Large Space Telescope (VLST)

Astronomy
Missions for

20-yr Projection

Heu Ncli Exlorer (HNE) )

A-14




Astronomy Mission Sequence

Emphasis on Broad-Spectrum Coverage
Ilustrates Evolution to Next Generation Set of Requirements

Y
*las | 84| 85| 85| 87 |88 |80 90 {91 |92 {93 | 94| 95| 96| 97 | 98| 99 {00 |01 | 02! 03] 04] 05

Energy/

Spectral

Coverage

Cosmic Ray* { Cosmic Ray Observatory {{CRO)

Gamma Ray* | Gamma Ray Observatory I GROII At

X-Ray | AXAF {

Soft X-Ray XTE 1§ [ LAMAR

Extreme UV EUVE

uv 1UE L——‘SFOT L—-> Very Large Space Thinned Aperature

Visible STARLAB+_} FUSE Telescope {VLST) Telescope (TAT)

Infrared IRAS Space Telescope COSMIC ) I

I3 : LDR
Far IR SIRTF OlrE‘_;'_I'_ \ X
: )
Microwaves COBE I ) {1 -\ [R Interferometer L
OVvLBI \,

Radio L N wa

Relativity GP-B ] _\ Gravity Wave
Interferometer

Space

Laboratory (L

Astrophysics

*Desira Low Inclination Orbits Early Mature A-18



Critical Integration Requirements

ASTRONOMY

ORBIT

DIMENSIONS (M)

WEIGHT (K&)
PoinTing/CoNTROL (SEC)
Data (BITS/DAY)

Power (Kw)

CREW

SPACE PHYSICS

ORBIT

DiMENSIONS (M)

WeieHT (K6)
PoinTIng/ConTROL (SEC)
Data (B1TS/DAY)

Power (kw)

CREW

EARLY PHASE

ng°-57°

40 DIAMETER
27,000

1072 STABILITY
10*2_10%

3

2-b

90°
80 X 15 X 9
50,000

1072

101 1

15

2-6

MATURE PHASE

28.5°

100 X 10
85,900

107" STABILITY
10t

7

7-10

GEO

2000 D1AMETER
50,000

1072 STABILITY
1012

25

6




Results — Operational Support Requirements

EXAMPLE EARLY PHASE ExampLE MATURE PHASE

MISSIONS OPERATIONAL CAPABILITIES MiISSIONS OPERATIONAL CAPABILITIES

EUVE VLST AssemBLY, CONSTRUCTION WITH

COBE } DEPLOYMENT/RETRIEVAL ExTERNAL TANK SHELL

XTE \  MAINTENANCE/SERVICING

FUSE COSMIC AsSEMBLY, ALIGNMENT, &
PHASING OF ARRAY

GRO

SIRTF | INSTRUMENT CHANGEOUT: TAT Magor ConsTRucTION/ASSY,

STARLAB { Fi1Lm/CRYOGEN REPLACEMENT ALIGNMENT, AND TEST

ST )

AXAF MaJor DEPLOYMENT,

OVLBI AsSEMBLY, ALIGNMENT,

LDR CONSTRUCTION, TEST




OBJECTIVE

DEVELOP OPERATIONAL AND SYSTEM REQUIREMENTS THAT FORM THE BASIS OF

OUR MISSION IMPLMEENTATION CONCEPTS
¢ SATISFY User NEEDS

o [STABLISH ACCOMMODATION REQUIREMENTS

TASKS
o Deverorp ComposiTE Mission MopeL

@ EvaLuate STS/SS ELV ReELATIONSHIP
e DEvELoP INTEGRATED UseER REQUIREMENTS

@ CVALUATE ALTERNATIVE Mission
APPROACHES AND REQUIREMENTS

® PrOVIDE REQUIREMENTS TRACEABILITY

RESULTS

8 INITIAL ISSUE RELEASED
- UrDATED As RequIReD BY lser DATE

© INITIAL EvAaLuaTIoN 407 CoMPLETE

® IniTiAL DocuMENTS RELEASED
- Basic SS REQUIREMENTS
- PotenTiaL User SupporT FuncTIONS
EVALUATED

® PRELIMINARY ORBIT SELECTION PARAMETRIC
DATA

® MainNTAINED BY CoDE 1O Mission MopeL
A-18




Functional Analysis—Assembly PL To OTV

PL Operations
Oriiter Remove Berth PL Transfer PL System Func Depluy TMS Maneuver OTV/
Doclc to ___//L..., PL from |-s] at Storage -/,4 to Mating g_?_te '.:rL g:l -] Check for o] PL-TMS-OTV Lb PL to Standoff
S8 Bay Site Site viTm PL-TMS-OTV Assy from SS Launch Position
-- Universal - 8S RMS — 8§ RMS -- 88 AMS — 88 RMS — Checlc Out — 55 RMS - TMS Control
Docking — Qperation - Operation — Alinnment Equipment — TMS Control Console
System Console Console Equipment Console
-- Commodity - Berthing
Support System
QTV Operations
Orhiter Reamove
Dotk to |/ /8| OTV from |/ Mate OTV
] to TMS
8s Bay @
-+ Universal — 58 RMS — S5 RMS '
Docking — Alighment /
Systam Equipment
— Commodity
Support -
it
TMS Operations
Transfer TMS TMS Mounted v o
to Mating -/f‘ to Matiny — .___‘L_/ 'flﬁlw
Site Fixture P - i
P e
- S5 RMS — S5 AMS ek
- TMS — S8 Mating e S
Fixture
Groundrules Support Rgmts
- TMS — Universal Docliing Sys  — Cherkout Equipment — Manned Support — 55 Mating Fixture
- 0TV — Berthing Sys for: - Alignment Equipment  — Commodity Support
~PL - TMS — OTv - Operation Cansole — Repl Parts for TMS & OTV
— TMS Control Console  — §5 RMS

A-19
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Mission Implementation Concepts

@ Derine CANDIDATE ProGrRAM OPTIONS

- PERFORM FEASIBILITY ANALYSES TO DETERMINE VIABLE
PROGRAM OPTIONS,

@ ANALYZE ARCHITECTURAL CONCEPTS
- DEFINE SPACE STATION CHARACTERISTICS.
8 RecommenD Evorution PLAN

- DEFINE INITIAL AND ULTIMATE CAPABILITY.




Program Options

DEFINITION - ToP LEVEL PLAN FOR IMPLEMENTING AND EVOLVING SPACE
STATION CAPABILITIES.

RESULTS - SEVEN CANDIDATE PROGRAM OPTIONS DEFINED.
® f[our OPTIONS

- [EACH CONSISTING OF A MANNED SPACE STATION PLUS
ONE OF MORE UNMANNED PLATFORMS.

© THRee OPTIONS

- EACH CONSISTING OF TWO MANNED SPACE STATION PLUS
ONE OR MORE UNMANNED PLATFORMS,

8 SpecIAL EmPHASIS

-~ IDENTIFY MODEST COST START uP oF SS.




Option A-1: 28.5%Early OTV

DOD &

GEO Comumiercial

Science & Matl

. _OTV Retriowabie
— Aegrobrake
— High Inctin PLs

Early Payioads

=

Manned Station

Processing
Free Flyers /
_Seruicing-28.5° %—- < STS Service
Science — Rohotics — Crew Increase /
— System Bus — Cryo Supply — EVA/IVA  — LSS Assembly
— Painting — Data Process 7 / < User €
0 ser Costs
L Platform(s)-28.5 "—:7- STS Support
Matl Processing — DOD Integration /
— Resuppiy — System Bus
z — Maintenance
z | Platiorm(s) 285° ~—— / < STS Support
a — Lowg
O GEO Science & Coml — Attached/Free Flyer /
Planetary
L OTV-Retrivable  ~=—= / < STS Support - 28.5/50° & GEO
- GEO — Hangar — Scavenging
—~ BO9PLs  — Prop Storage/Transfer

/ < STS Support PLs -28.5°
> STS Support —Station
STS/ELV Support

— TMS/Prop Storage — Servicing {(MMU)

— Crew 3-5 — DOD integration
! I | | | i | | t | { | | {
1989 1991 1993 1995 1997 2000

Time, Years




Capability ——p

Option B-1: 28.5° —= 90° Stations

GEO :
OTV Retrievable - 282 <KL STS & ELY
Launches
— Prop Storage/Scavenging /
— Crew &

Science

Servicing - 90°

— High Inclin PLs
j /< STS Service

2
g /

Platiorm - 28.5°

/,}

Early Payloads
Manned Station - 28.6° %

/

—_ Il-Eiang/arvA -- L8S Assy
Science & DOD  _ Lvint/R  — Crew /
: < Support - 90° PL
~an0 ppor 3
[ Manned Station - 90 ‘JT / > STS Support Station
) - TMS — DOD Secure
Matl Processing ~ Crew3-5  — Servicing /
& Science ~N
Servicing - 28 §° ﬁ- /
-- Hangar — LSS Assy ‘
. — Rohotics — EVA/IVA > < STS Support
Matl Processing - Crew / < User Costs

<& STS Support - 28.5° PLs
*> STS Support - Station

STS/ELV Support

— TMS/Prop Storage  — Servicing
— Crew 3-b — DOD Intey /f
1 | | | i 1 | | | | H | | }
1982 1991 1993 1995 1297 2000
Time, Years




Cost/Schedule/Benefits Analysis

Tasks

I

DeErFiNe ROM cosTS AND SCHEDULES.
- ROM cosTs AND SCHEDULES IDENTIFIED FOR 23 ELEMENTS.
- REFINING COSTS AND SCHEDULES,

DEVELOP METHODS AND CONDUCT ANALYSES TO DETERMINE ROM cosTs AnD

BENEFITS OF EACH PROPOSED CAPABILITY INCREMENT

~ ComPLETED FIRST cuT AT ROM cosSTS BY PROGRAM OPTION.

- COMPLETED A METHOD OF DETERMINING ECONOMIC BENEFIT OF ATTACHED
USERS,

- DEVELOPING METHODS TO DETERMINE ECONOMIC BENEFITS OF OTHER
CAPABILITIES.

COMPARE COSTS AND BENEFITS TO DETERMINE A COST-EFFECTIVE EVOLUTION

PLAN.

- DeVELOPED A METHOD OF RATING AND WEIGHING BENEFITS BY PROGRAM
OPTION TO DETERMINE COST-EFFECTIVENESS.

EXPLORE THE EFFECT OF SCHEDULE VARIATION ON COSTS AND BENEFITS,
- TASK WILL START AFTER MID-TERM REVIEW, A-24




Technology Assessment

OBJECTIVE

To identify key technologies affecting the implementation of user mission requirements and the space station option
development, cost, and schedule.

APPROACH OPTION A-1 (28.5° EARLY OTV)
Manned Space Station - 1989 <//> SATELLITE SERVICING
Satellite Servicing - 1989 — Long-Term Nitrogen/Helium/Hydrazine Storage
oTv - 1991 — Fluid Transfer & Gauging
Space Platform(s) - 1993 — Manipulators/Robotics

{(Mat! Processin . _
9l — Rendezvous/Station-Keeping Contamination

Space Platform(s) - 1995 o
{Science) — Minimization Systems
Retrievable OTV - 1999 — Automated Dacking Systems

-— Telepresence Hardware

TELEPRESENCE HARDWARE
— Predictive Controls & Displays

— Force Feedback Tools TELEPRESENCE CONTROL STATION
— Remote Manipulator(s) Hand Controller Rgmts Dev

— Telepresence Control Station _ H/W Design ez

- Assorted Manipulator End-Effectors Fab & Assy e

— Stereo Television installation ]

Development «—a 1
RESULTS Time(vrs) ¢ 1 2 3

A-25

— 40 User Missions Analyzed
— Options A-1, A-2, and A-3 Analyzed




Foreign User Mission Data

FroM ConTRACT SOW:

® Stupy OBJUECTIVES

- THE MISSIONS AND THE CORRESPONDING SPACE STATION REQUIREMENTS ARE TO BE
DEVELOPED IN CL.OSE COOPERATION WITH POTENTIAL DOMESTIC AND FOREIGN
USERS OF THE SPACE STATION,

8 Mission REQUIREMENTS

~ THE CONTRACTOR SHALL CONSIDER, AS A MINIMUM, THE FOLLOWING CATEGORIES OF
DOMESITC AND FOREIGN MISSIONS.

& OROUNDRULES AND GUIDELINES
- THE MISSION OF INTEREST SHALL INCLUDE DOMESTIC AND FOREIGN SCIENCE,

APPLICATIONS, AND COMMERCIAL USERS, AS WELL AS U.S. NATIONAL SECURITY.
AND SPACE OPERATIONS MISSIONS.




Contacts, Discussions And Meetings

ESA
J. CoLLETT

Proc Mer SpACE STATION
R. Mory

Long-TERM OFFICE
G. PETERS

SPACE TRANSPORTATION SYS
U, HutH

ESA MatL Proc DiscipLINE LEAD
G, DucHossoils

EARTH OBSERVATION
H. OLTHOF

ASTRO SCIENCES
G, Van Reek

ADMINISTRATION

AUSTRIAN SpAce AGENCY
H. ORTNER

GReek Space ResearcH CENTER
M. MouTsouLAs

[TaL1AN SPpACE AGENCY

ERNO

C. BUONGUORNO
GUERNIO
MONANINI
NAPOLITANO

Aec TELEFUNKEN
H. KOEREL

AERITALIA

E. VALLERANI
F. BEvVILACQua
G, VIRIGLIO

AEROSPATIALE
G. LEROY
P. Lucan
G. RocHe

DORNIEN
A, Skooe

H. HAUFFMAN
H. KaPPLER
U, POLLNOGHT
N. GENTZEN
H. EusFeLD

MA] RA
J. BATTISTELLA
R. Da

SPAR (CanADA)
R, W. NEVILLE

INDONESIA
H. DJoJoDIHARDJO

JAPAN
H. MaTsumiva
H. Saiki




Foreign Interfaces

@ StATUS

- [FOREIGN COMPANIES CONTACTED REQUESTING WORKING
AGREEMENTS WITH US.

- DIFFICULTY IS THE TECHNICAL DATA FLOW FROM US
TO A FOREIGN COUNTRY,

- DIRECTION IS NEEDED TO PROCEED.

A-28




DOD Task Assignment Approach

SPACE STATION INTERFACES WITH DCD SPACE INFRASTRUCTURE

— Define Ops Allocate OB S
Scenarios Assess ) Space
ﬁg,gs —*1 — Define Evolving Rgmts qu'.ts vs = Station
Infrastructure Configuration Ramts
— Derive Rgmts
T T AR AL A
DOD INVOLVEMENT WITH THE STS
. . — Modifications to
- gigjr;f:l:i\‘(’el:tg:ctlonal Evaluate Assign Need the STS Model
DOD — Rationale Functions vs Factm_-s to t—— Inputs to Cost
Needs _ Postulate DOD Configurations Functions & Programmatics

Configurations

— Neo Involvement

— Conclusion
DOD OPERATION WITH THE SPACE STATION
Assess .
Threats : ldentify Recommend Ops
Co:;f?ict-ma» F[’;g:eDntraI Manned Scenario(s) & ...g..go?:_ss )
Range Missions Involvement Configuration(s) onviguration

w=aem Completed Activity A-29



DOD Task Assignmeni Accomplishments

& AsSESSED THE AVAILABLE THREAT MoDEL

@ I[pentiFiep DOD Neeps

¢ DEFINED SoME OPERATIONAL SCENARIOS

¢ DoCUMENTED EXISTING INFRASTRUCTURE INTERNETTING

@ [peEnTIFIED DOD FuncTioNAL OBJECTIVES

@ PosTULATED PoTENTIAL DOD Space StaTion ARcHITECTURE OPTIONS
® AssesseD PotentiaL DOD Missions

6 Derivep DOD Seace StTaTioN Top-LEVEL REQUIREMENTS

A-30




Study Summary

® PROGRESS

FuLLY MANNED TO PLAN.
SUBCONTRACTORS AND CONSULTANTS WORKING WELL.
ALL TASKS ON OR AHEAD OF SCHEDULE,

® RESULTS

SCIENCE AND APPLICATIONS USER REQUIREMENTS PROGRESSING RAPIDLY.

NEW APPROACH BEING IMPLEMENTED FOR SPACE PROCESSING.

290 missionNs wiTH 450 FLIGHTS DEFINED TO DATE.,

MANNED SPACE STATION SHOULD PROVIDE MAJOR ECONOMIC AND MISSION
BENEFITS TO WIDE VARIETY OF UNMANNED PROGRAMS,

MANNED SPACE STATION CAN REDUCE REACTION TIME FOR TIME cRITIicAL DOD
SPACE MISSIONS,

MAN IN SPACE APPEARS NECESSARY FOR LIFE SCIENCE PROGRAM AND EXPANDING
COMMERCIAL SPACE PROCESSING.

@ CURRENT RECOMMENDATIONS

EarRLY STS TECHNOLOGY DEMONSTRATIONS IMPORTANT FOR SPACE STATION.
*ET PROPELLANT SCAVENGING AND IN-SPACE CRYO RELIQUIFICATION
- AEROBRAKING TECHNIQUE
-OPTICAL SYSTEMS ASSEMBLY/REFURBISHMENT/TEST

A-31




Mission Requirementis

Thomas J. Sullivan

B-1




From User Ll LS YA AR A A o ] National |~ Foreigri]
Commanies ) SIS iboiort) [[oimiisl| [spions ] | S | v
Tinte-Phased Ohjectives” I//*h;ntegrat‘ed
User Rgmts — Service
777 - Validation AN T PO TR = A 7 s > — Assembly/
/ - ESJSF{ A Consolidated Discipline Rgnits {j««——} Opérational Reqmreménts Construction
— Scientist ? — Delivery/
~ gl::«iSA I/STS/SS/ifIf Analysis” 1 Techriology, Assessment | gftr ieval
— £L rd L ) L — c
— Infotech Y

/ _

i — Etc Msssuon s/ Usef,lvyﬁlm} R;eén}ts%
7 o // ]
//’ <::> Accommodatuong/ V.~ Astronomy/ - |

lteration =i Eq

=5

P Regmits &Plan QU %

\ Integratec 'User — Large Structure Assy =5 -{P

anomlc = Mlss:oﬁ Reqmts L~ — Thermal Control £ 6
Détailed” "/ /] /] — Attitude Control =

"Regmits, Definition 4 S8 M|ssmn,Model — Etc = &
L L rJ ra L r.u m
\ / = ‘,rs

: . Space Station =

Program Options — R
. . e
— Performance ___.I — Single Station — Low Early Cost Support Reqmts

— Multiple Stations — Etc

4 i_ e Arch. Option to Support Pragram Options

Cost, Schedule &

Benefits Analysis '
) \ S~ Element Definition & Characteristics

B-2

Recosnmend Space Station Initial Growth | Ultimate
ibutes i——- - .

“—— e = TEMOPR= O=ZMBMND—C DM ——

Architectural Concept/Attsibut, Capability Increments ~| Capability




By

Objective and Scope

OBJECTIVE

@ [0 IDENTIFY AND VALIDATE USER MISSION REQUIREMENTS AND BENEFITS
THAT MAY BE USED TO ASSESS THE DESIRABILITY OF A NATIONAL SPACE
STATION PROGRAM.

ScopPE

® IDENTIFY UsEr Missions

@ Deverop User Mission REQUIREMENTS

& EsTABLISH RequIREMENTS ReLATIONSHIPS To STS/SS/IFF
¢ DerFInNe SS User AccoMMODATION REQUIREMENTS

¢ DETERMINE MissioN ALTERNATIVES AND ACCRUED BENEFITS




Task Flow

Projection STS
Analysis Capabilities
User

¥ = Accommodation

User of Integrated  fo Rqgmts Derivation
User Missions User Rgmts
Survey Identificatian ~! Generation § ¥
STS/SS/IFF ! User
— Relationships "1 Accom Rgmts
lB/!_:ss!oF Generation
iscipline . : SN
Alternative
20-Yr Plan “'__r Missions 3
= Composite -~ Mission
¥ | Mission Model 4 Implem
ser Concepts
—d  Mission ' Alternative J
Concepts 4} Integrated Mission f
W Definition
y 1! SSWMission g‘gg:f'ﬁg
User Model Definition
Mission
Summary |_[STS/SS/FF
Relationships
i NASA __\D Accrued

Benefits




User Missions

OBJECTIVE

® [0 ESTABLISH USER MISSION-LEVEL REQUIREMENTS FOR MISSIONS THAT
WILlL. DERIVE SIGNIFICANT BENEFITS FROM A MANNED SPACE STATION
FOR:

- SCIENCE

- APPLICATIONS

- CoMMERCIAL

- Space OPERATIONS

- U.S. NarionNaL SECURITY

APPROACH
PROJECTION SURVEY
@ LITERATURE REVIEW e USErR IDENTIFICATION
e 20-YrR BASELINES e ContacT PLaN
® User Reamts o User ReamTs

\\“'VALIDATIQN PROCESS‘”/’

20-Yr PiLaN AnND User Reamts




Task Fiow

Projection’ /s STS
'/, Analysis Capabilities
User

L . »| Accommodation

//l’Jgé?// /// «] Integrated Rgmts Derivation i
%, -1, Missions // User Rgmts
%f Identification | Generatien ]
vy yyyyyi
STS/SS/IFF -H . User
Relationships Accom Rqmts
Generation »
| | Alternative
Missions
| Composite - ) Mission
T Mission Model 4 Implam
e —_ Concepis
Alternative Y
{ntegrated Mission
1 F—‘L_USBTR\QWE Definition
_______ All Source
{ SS Wiission Accrued Data Base
— 1 Benefits
 User”/77 | Model Definition
;’/MISSIOH g :
[ Summary 1, STS/SSIIFF
NAGA | Relationships Accrued Cost &
Benefits ‘ Programmaiic
- % Analysis

B-6



Mission Categories

SCIENCE

PLANETARY OBSERVATION
EARTH OBSERVATION
SPACE PHYsICS
AsTRONOMY

SoLar PHysics

Lire/B1o/Mep ScCIENCES
®
e

H i

C/)(/)C/‘JCF/)C/JU)(/)
Ul e 5 TR O [ = WV N6 I S

APPLICATION

A-1 MATERIALS PROCESSING
A-2 :

COMMERCIAL

Space PROCESSING

C-1
C-2 Co#AUNICATION SATELLITE
C-3 .

Space OPERATIONS

SATELLITE SERVICING

ASSEMBLY OF SPACE STRUCTURES
FLuID TRANSFER/STORAGE
OPERATING PLATFORM

LAauNcH TRANSFER

PROPULSTON

SpACECRAFT CONTROL

Data MemMt & COMMUNICATION
ELECTRICAL

CREW SYSTEMS

THERMAL CONTROL
e
®

DCDC)DOC?DCDDDCDD
= b 00O N Oy UT T W N e

N = OO

U, S, NaTionaL SEcurITY

D-1 ExIsTING PROGRAMS
D-2 New ProcrAMS
D-2

SPACE STATION SPECIFIC APPLICATIONS

9
@ B~7




User Requirements Generation and Validation

NASA Data

- STS FrieHT
AsSIGNMENT BASELINE

- SPACE SYSTEMS
TEcHNOLOGY MoDEL

- NASA ProGrRAM PLAN
(FY 1982-1985)

- 487 Mission MopEL

- 10-Yr Pran (1982-1992)

- OTHER CONTRACTORS
MoDELS

MARTIN MARIETTA DaTA

- NAT1ONAL MIssiON
MoDEL

- TMS Mrssion MopEL

- DOD Mission MopEL

[NTERNATIONAL DATA

A

FORMULATE BASELINE
DaTa

- CLASSIFICATION
- 20-YrR ProJECTION
- INTEGRATION AND SYNERGISTIC

ASSESSHMENT

1s YSIS

R ONTAC
- UUSRA

~ SCIENTISTS

- COMMERCIAL

- SUBCONTRACTS
~ CONSULTANTS

- INTERNATIONAL

S

USER
VaLipatsp Remts

U

User
Mission RamTs
DeEvELOPMENT TASK




Task Flow

Projection STS / /
Analysis Capabilities / o

i Usé 00

Accommodat:on
User 2 Intégrate / - 4 Rgmts Derivation
m ’ Missions User qutﬁ/ Yy IYIwy
ldentification [ }

=} Generation 7

A
P TSISSNFEL / User 200,
— F/Relatmnshlpsf " Accom quts
= ll\)fl_lssgoln_ Generatlon
3 iscipline e o mmdenn
20-Yr Plan "—“‘l 1
.cdrﬁﬁé’site’/ZJ i
'Missien Model’;
User w
¢~ Mission
Concepts

V. User Rgmis- Definition
A\“‘LEZ/ _ /4"/ oy /i/,_r All Source

) Accrued D'a..,.: Base

. SS Mission 7, Benefi
nefits
T lodel /77 etmiion |
Mission
LTV_J ] STS/SS/IFF/

Relatlonshlps
NASA

Mission
implem
Concepts
/ﬂ(lternam/ 1
Zntegrated 7 7 Mission /

Accrued Cost &
Benefits Programmatic

_ ___W_J \ Analysis

B-9

ALITYND ¥00d 40
B 39vd TYNBPRIO



OBJECTIVES

6 10 DEVELOP INTEGRATED USER REQUIREMENTS, RANKED BY UNIQUENESS OF
CAPABILITY AND FUNCTION.

@ TO MAINTAIN REQUIREMENTS TRACEABILITY.

& To DEVELOP AN INTEGRATED Space Station User Mission MopeL

[APPROACH |

Composite
Mission
Modet Develop
Scenarios
Evaluate
Need
%% | identify
Rgmts Capability Define Rgmits
Analysis Functions #| Integration
Rgmits
Validation
L J
User Rgmts - .
Docum[ént 1 Space Station §
Mission Model §
[ Rgmts Traceability B-10




Space Station Potential Functional Capabilities _

@ SORTIE SUPPORT
@ AssEMBLY/CONSTRUCTION
® DELIVERY/RETRIEVAL
® SERVICING
o OperaTIONS CONTROL CENTER
e SuppLy (LosisTics)/STorRAGE/REPAIR
@ CoMMUNICATIONS & DATA HANDLING

RECEIVING

RELAY

ProcessING/DATA COMPRESSION
REaL-TiME INTERFACE

® OSTERILIZATION
e LaB/TeST FacIiLiTY
® TETHERED OPERATIONS
@ [OS/LON/LOD - ENHANCEMENTS
® SAFETY

B-11




Requirements Relationship to STS

OBJECTIVE

® [0 ESTABLISH THE RELATIONSHIP OF INTEGRATED USER REQUIREMENTS TO
THE CURRENT STS BY ASSESSING THE CAPABILITY OF THE STS TO SATISFY
MISSION REQUIREMENTS FOR USER MISSIONS.

APPROACH STS/SS/IFF
INTEGRATED AnALYZE UseR RELATIONSHIPS
User PERFORMANCE CoMPARE SUMMARY
REQUIREMENTS|—8| AND | REQUIREMENTS |y | CATEGORIZELlg S Un1que
OPERATIONS Vs STS COMPLIANCE} g SS/STS
REQUIREMENTS CAPABILITIES e STS Uniaue
8 SS/IFF
¢ IFF Un1que
NASA
STS
CAPABILITIES
PROJECTION

B-12




A
il

I-. ]
¥, egliys S
b
i
-

4

OBJECTIVE i

@ T0 ESTABLISH SPACE STATION SYSTEM CHARACTERISTICS, PERFORMANCE,
AND OPERATIONAL REAUIREMENTS TO SATISFY USER MISSIONS AND PROGRAM

NEEDS THROUGH THE YEAR 2000,

APPROACH

® GROUP AND TRANSLATE USER MISSION REQUIREMENTS AND NEEDS INTO
SPACE STATION ACCOMMODATION REQUIREMENTS.

TIME ORDER CHARACTERISTICS, PERFORMANCE, AND OPERATIONAL
REQUIREMENTS TO IDENTIFY TRENDS AND MAXIMIZE SPACE STATION

MISSION CAPABILITIES.,

UsER
AccoMMODATION

REQUIREMENTS
B-13




o User Mission REQUIREMENTS aAND PrRoOGRAM NEEDS
@ User-UNique CAPABILITIES AND FUNCTIONS
@ INTEGRATED UserR REQUIREMENT CATEGORIES
& INTEGRATED Ustr MopeL NeEDS
¢ UseR REQUIREMENTS RELATIONSHIP — STS/SS/IFF
@ SS SYsTEM CHARACTERISTICS
® SS PERFORMANCE REQUIREMENTS
& SS OPERATIONS REQUIREMENTS

8 T1me-0RDERED SS SysTEM CHARACTERISTICS, PERFORMANCE
REQUIREMENTS AND OPERATIONS REQUIREMENTS

® IDENTIFICATION OF CAPABILITY TRENDS

B-14




Task Flow

User
% Missions
tdentification

Projection
Analysis

)

STS
Capabilities

Integrated

User
»| Accommodation

User Rgmts
Generation

Mission
Discipline

User
&1 DMission
Concepts ;

!

e
I\NASA

User
Mission
Summary

20-Yr Plan |

STS/SS/IFF
Relationships
Generation

-

Composite
T Mission Niodel
—_\_/

Rgmts Derivation

Alternative
Missions

—

[

Integrated

User Rgmts

Alternative
Mission
Definition

SS Mission

Mode}

——

T
ccrued /

/ Benefits

/ Definition 77/

STS/SS/IFF
Relationships

e

User
Accom Rgmts

Mission
lmplem
Concepts

‘

77 Rceried
e / Benefits // -

Cost &
Pr ogrammatu:
Analysis

B-15



Mission Alternatives and Accrued

OBJECTIVE

® DEFINE THE ECONOMIC, PERFORMANCE AND SOCIAL BENEFITS THAT ACCRUE

FROM ALTERNATIVE APPROACHES TO MISSION ACCOMPLISHMENTS MADE

Mission

IMPLLEMENTATION

CONCEPTS

POSSIBLE BY A MANNED SPACE STATION,
APPROACH USER
SIONS
gLL SE”RCE _s| DEFINE BENEFITS Mrss1on
ATA DASE SUBCLASSIFICATIONS # 5S
- Economic PrROGRAM
- PERFORMANCE OPTIONS
-~ SocCIAL %
EVALUATE UEER MISSIONS FOR DETERMINE
OTENTIAL BENEFITS POTENTIAL

BENEFITS ReEALIZED/PROGRAM

CosT &
PROGRAM
ANALYSES

B-16




Agenda

SUBJECT

INTRODUCTION
Executive SUMMARY
Mission REQUIREMENTS

-
User MissioN REQUIREMENTS DEVELOPMENT

AsTronOMY/SPACE PHYS1CS/PLANETARY

SoLAR PHysics/EARTH OBSERVATIONS

Comm. /L1Fe Sci./MtiLs Proc./COMMERCIAL
Space Statron AND USER REQUIREMENTS ANALYSIS

1

AccRUED BENEFITS

I

MissioN IMPLEMENTATi. “CNCEPTS
CosT, ScHEDULE, AND BENEFITS ANALYSIS

DOD Tasks
ADJOURNMENT

Y

SPEAKER

— e ] = = M T —

DEMORET
ScHROCK
SULLIVAN
STEPUTIS
BARTKO
PomPEA
NoBLES
STONE
SULLIVAN

RASSER
MOTTINGER
SULMEISTERS

B-17




User Missions

Requirements Development

Fred Steputis




- Iy > 7 7 . T
From User >7$c’i’e';1éél 7 %‘6]1/“65:{{0113 Commercial]  [/8pace Ops” g!atlopal 4 Eoyreign
Communities S A ////</ V. //,I// | ol ’// "/ :'c/untv " ser* /)
A TN YA AT """ *Integrated
1982 L imehased Obigctives 7 M 00 by NASA
35?]’ Rgmts / \ - Service p
alidation A N A = R T TS ST 4V A AT S AT A — Assembly
Benefits — USRA Cofsulidated Discipliné-Rgmis, |j<«——a Operational, Requirements I Construction
— Scientist — Delivery/
T RASA [ STS/SS/IFF Analysis | Technology Assessment | Retrieval
— Infotech / y
— Social — Etc Mission User Mission Reqmis
Functicnal
Analysis [ Solar ‘I] Technology lteration
C:j Accommodations L Astronomy ge\'elopgeglt
egmits an
i
| \ O e o Gl
— Economic Dotailed Mission Reqmts — Attitude Control
Regmts Definition / SS Mission Model — Etc
\ . Space Station
Program Options o
. . t Regmts
— Performance — Single Station Support Req

— Multiple Stations — Etc

— Low Early Cost

Cost, Schedule &
Benefits Analysis

Arch. Option to Support Prograim Options

1

\

Element Definition & Characteristics

<

Recommend Space Station
Architectural Concept/Attributes

Initial

" | Capability o

Growth

c-2

P L =P PTOD>IT~ NLZMIMNMIOD e~ C O MM m——

Ultimate

Increments

Capability
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Task Flow

<// ré;ei:tfo» STS
Analysi ( Capabilities )
Lt ] User
——— »1 Accommodation
V User / / yd o Integrated J..-
/ Missions User Rqmis J
/ldentlflcat-nn _ .| Generation

Rgmts Derivaion

il

STS/SS/IFF 1 User
Relationships i Accom Rqgmts
Generation .
i i Alternative
) Missions
Composite Mission
T iMission Model 4 Implem
' Concepts
1 Alternative ]
- Integrated Mission
Useir Rgmt initi
.Lw - Definition
T A corued \ Data Base
¥ | [sSWission pooraed
Use? /7, Model Definitiun
 Mission // T—
’ﬁ‘w STS/SS/IFE
ks 4 Relationships Accrued Cost &
NASA T~ > Benefits ‘ Programmatic
] _w_) Analysis




Gansult

implementation Concept Development

Validat
Missions Experts, | Experts,
Survey .. — USBA USRA O —
' Listall Select SS Panals Prepare User | To Mission
NASA ' Snace Candidate |_| Mission Concept Planning, I
Missioln Missions. gsar Documents integ
Models ] issions . Analysis
Studies ﬁgﬁg’;ﬁ;ﬂta t tpdate e
Reports Judgments 4 Mission
Meetings Concepts Ll..isi:
Interviews
Martin
Marietta N
Sources Data Acquisition
:i'-fﬁaﬁne Early Consolidated
‘Phase8S ! Complement
gb etives for instrument &
Initial 8S Phase Phased . USRA &
User Mission Martin
- ‘Define Mature Consolidated Reguirements g’é{ lgtta Is
S8 Phase |_I Complement, ane
Objectives for Instrument, & *
Discipline Eguipment
Mature SS Phase Us_er_
Mission
20-Yr Plans Summary

1vYNO ¥00d 30
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Candidate Mission Selection

20 YeAR

PLaNs AND OBJUECTIVES FOR SS ESTABLISHED

MissionNs ConNsIDERED - ComposiTE MissioN MoDEL CANDIDATES
INCORPORATED INTO OVERALL PLANNING

Lire Sciences 13
CoMMUNICATIONS 88
MATERIAL PROCESSING 22
OpeERATIONS 54

AsTronOMY 37

Space PHysics b
PLANETARY EXPLORATION /
SoLarR PHysics 10

EARTH OBSERVATIONS 55

AppiTionaL Missions AND DisciPLINE OVERALL OBJECTIVES ESTABLISHED

SurRvEY OF DATA
PaneL Discussions
PERSONAL INTERVIEWS
TELEPHONE INTERVIEWS
CONSULTANTS

1

1

CANDIDATE MissioNn COMPLEMENT SELECTED

IMPLEMENT OBJECTIVES

NonN-REDUNDANT

APPLICABILITY IN SPACE STATION ERA
PotentiaL UTiLIZATION OF SS
CAPABILITIES

1




Contacts Made

STATUS AND ACCOMPLISHMENTS

SCIENCE
(IncLuDES ALL EARTH OBSERVATION)

APPLICATIONS
(CoMMUNICATIONS MATERIAL
PROCESSING)

OPERATIONS

User MissioN CoNCEPTS DOCUMENTS RELEASED

PERSONAL INTERVIEWS CONDUCTED
TELEPHONE INTERVIEWS CONDUCTED
CoNTACTS REMAINING

PersoNAL INTERVIEWS CONDUCTED
TELEPHONE INTERVIEWS CONDUCTED
CONTACTS REMAINING

PERSONAL INTERvVIEWS CONDUCTED
TeELEPNONE INTERVIEWS CONDUCTED
CONTACTS REMAINING

14
16
31

33
16

40



USRA Panels
USRA Paners Convenep - Jack Sevier, USRA CoORDINATOR

Seace Puysics - OcToBer 27, 1982
Dr. PETER Banks - STANFORD
DrR. MiLrForDp H. Davis - USRA
DrR. Joun GILLE - NCAR

AtmosPHERIC ScIENCE - OcToBErR 28, 1982
Dr. VErRNER SuomI - Univ ofF Wisc
Dr. THomas Von DER Haar - CorLo STATE Un1v
DR, WiLLiam SmiTe - NOAA

AtmosPHERIC ScIENCE - NOVEMBER 2, 1982
Dr. THomAs Von DER HaArR - Coro STatE Un1v
Dr. Mirrorp H. Davis - USRA

AsTRoPHYsIcs - NovemBer 3, 1982
DR, RoBerT C. Haymes - Rice Univ
Dr. Frank J. KErr - UNIvV oF MARYLAND
DR, MeLvILLE ULMER - NORTHWESTERN UNTV

LiFe Sciences - NovemBer 5, 1982
MrR. RIcHARD JoHnsSTON - TexAs Mep CENTER
DR, CARTER ALEXANDER - Brooks AFB

RemoTE SensIne - NovemBeErR 9, 1982
Dr. ANNE B. Kaure - JPL
Dr. RicHarD W. NEwton - Texas AgM
Dr, WirLiam KowaLik - CHevron O1L ResEARCH




ser Mission Concept Document

SuBJEcTs CoveReD - (User Mission Data SHEETS)

@ ProcrAaM DATA

TITLE

User ORGANIZATION
PrincipaL CoNTACT

ADDRESS

ProcRAM (OBJECTIVES
ProJECTED NEEDS, EvOLUTION
DEVELOPMENT STATUS
SPONSORSHIP

® SYSTEMS INTEGRATION

OPERATIONS
Mans RoLE
SHTTLE/OTV

RETURN, RESuPPLY, RETRIEVAL
EQuiPMENT DESCRIPTION
MounNTING PROVISIONS
ORBITAL FLIGHT

SUBSYSTEMS SUPPORT
ELECTRICAL POWER
TvErRMAL CONTROL
DATA MANAGEMENT
CommanDp & ConTROL
POINTING, STABILITY

HazARDS AND PRECAUTIONS

8 SPecIAL DaTa
SpACE STATION SPECIAL ADVANTAGES
BENEFITS
SCIENTIFIC
COMMERCIAL
POLITICAL
SOCIAL
EconomIc
RereRENCE DATA
Key PERSONNEL




Concept Development

GrRoUND RULES
TOP LEVEL TIME PHASED AND PRIORITIZED OBJECTIVES FOR T ISCIPLINE.

CONCEPTS TO IMPLEMENT OBJECTIVES,
CONCEPTS WITHOUT REGARD TO CURRENT PROGRAM STATUS OR FUNDING.

CONCEPTS WITHOUT PRECONCEPTIONS OF SS CAPABILITIES.

SS INCLUSIVE OF ADJUNCT PLATFORMS, AND SATELLITES,

CONCEPTS TAKE ADVANTAGE OF THE SS SPECIAL CAPABILITIES,

LoNG DURATION

MAN AS OBSERVER OPERATOR, REPAIRMAN

RESUPPLY AND RETURN OF SAMPLES OR COMPONENTS
RETRIEVAL, REPAIR & REFURBISHMENT

SPECIALIZED FACILITIES AND EQUIPMENT

ASSEMBLY, CHECKOUT, ALIGNMENT, CALIBRATION ON-ORBIT
LAUNCH TO OTHER TRAJECTORIES

LARGE WEIGHTS & VOLUMES




User Missions

Astronomy
Space Physics

Planetary Studies

. Bartko




W T

From User ol L
S
Communitic;s—:> ///c}t,a/r:’c%

Benefits

— Social

— Economic

— Performance

Applications

Commercial

Space Ops

National
Security

Foreign
User*

User Rgmts
Validation
— USRA
— Scientist
— NASA
— Ball

— Infotech
— Etc

(—

N\ !
~— 7 e Shde 77

/
[ESraaTated D B
o LY

/ 4————/*Integrated

2000

by NASA
— Service

Opératfional R.

LA ey
srement

— Assembly/
I Canstruction

4

| STS/SS/IFF Analysis

L

Mission User Mission Regmis
Functu_)nal i Solar

Analysis YT
Accommocdations { strononmy

L

j

Detailed

Integrated User
Mission Reqmts

Regmts Definition/

S8 Mission Model

I Program 0ption;l| -+
-- Single Station  — Low Early Cost

— Multiple Stations — Etc

— Etc

— Large Structure Assy
— Thermal Control
— Attitude Control

— Delivery/
Retrieval

Iteration

Cost, Schedule &
Benefits Anaiysis

T Arch. Option to Support Program Options

¥

N\

\

Element Definition & Characteristics

Recommend Space Station

Architectural Concept/Attributesi

Initial

Space Station
Support Reqmts

D=2

Growth

| Capability

-

increments

i e e WP MO P AoAZMESME e~ C DM T ——

Ultimate
Capabhility
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!gtmduction

® USER MISSIONS FOR SPACE ASTRONMOMY, SPACE PHYSICS, AND PLANETARY STUDIES ARE
DESCRIBED (AcknowLEDGE BASD - M, BotTeEmaA, D. ScHNEIBLE, R, ScoTT).

®FSSENCE OF OUR APPROACH IS DEVELOPMENT OF A 20-YEAR PROJECTION.
8 PROJECTION RELIES HEAVILY oN NAS REPORTS.
- BuiLT-1N VALIDATION

8 PROJECTION IS BASED ON SOUND SCIENTIFIC STRATEGY THAT PROVIDES TIME-PHASED
DEVELOPMENT (EXPLORATORY/SURVEY—s DETAILED STUDY/MATURE OBSERVATORY —»

SPECIALIZED TECHNIQUES).




Asironomy Contact Plan

DaTA SOURCES

- NaTionaL AcaDpEMY OF ScIeENcEs, AsTroNoMy Survey COMMITTEE:
AsTRONOMY AND ASTROPHYSIcS For THE 1980s, 1982,

- NASA: Space_Systems TecHnoLocY Mober, VoL 1,2,3 Sept 1981.

- TecunoLocy FoRr Space AsTrRopHYSIcS: THE Nexy 30 YeaRrs
ConNFEReENCE ProceeDings, (AIAA, SPIE, 0SA), DanBury, Ct Oct 1982

- NaTionaL AcADEMY OF SCIENCES, COMMITTEE ON SPACE ASTRONOMY AND ASTROPHYSICS:
A STRATEGY FOR SPACE AsTRONOMY AND AsTrupPHYSICS ForR THE 1980s, 1979.

ConTACTS MADE ConTACTS PLANNED
ORGANIZATION INDIVIDUAL ORGANIZATION

Univ oF TExAs H., SMITH HARVARD/SAO USCD
NASA/GSFC S, HoLt PRINCETON UCB
Univ oF CoLo/JILA R. McCray MIT CIi
Univ oF MARYLAND F. Kerr UCSD NASA/GSFC
Rice Univ R, HAYMES Univ oF TeExas STSI
NORTHWESTERN UNIv S. ULMER Un1v oF WyoMING

MIT B. BuUrkEe JHU

NRL H. GURsky Univ oF ArRIZONA

VAL IDATIGN

Use oF NAS REPORTS AND ADVISORS CONSTITUTES INITIAL
VALIDATION,



&tronomy

OBJECTIVE

® UNDERSTAND THE BIRTH OF MATTER IN THE ORIGIN OF THE UNIVERSE AND THE

DEVELOPMENT OF LIFE IN THE UNIVERSE.
CATEGORIES

eCosMoLOGY - GALAXIES AND THE
UNIVERSE

8STELLAR EVOLUTION

Key PROBLEMS

& WHAT IS THE LARGE-SCALE STRUCTURE/
GEOMETRY OF THE UNIVERSE?

® WHAT IS THE NATURE AND SOURCE OF
RELATIVISTIC COSMIC JETS?

® How DO GALAXIES EVOLVE AND WHAT IS THE
NATURE OF THE HIDDEN MASS?

e WHAT POWERS THE ACTIVE GALACTIC NUCLEI
AND QUASARS?

¢ How DO STARS AND PLANETS FORM, AND WHAT

IS THE RELATIONSHIP OF STAR FORMATION
TO MOLECULAR/DUST cLOUDS?




Astronomy (Concl)

@ OrRicIN OF PLANETS, LIFE,

INTELLIGENCE

ELEMENTS

|

RAD10/MICROWAVE
IR/SUBMILLIMETER
OpTicaL/UV/EUY
X-Ray

Gamma Ray

Cosmic Rays
RELATIVITY

@ WHAT IS THE ROLE OF SUPERNOVAE EXPLOSIONS
IN PRODUCING COLLAPSED OBJECTS, COSMIC
RAYS, AND HEAVY ELEMENT SYNTHESIS?

® WHAT CAUSES ACTIVITY (DISTURBANCES) ON
THE SURFACE OF THE SUN AND STARS?

® Do EXTRASOLAR PLANETS EXIST?

OBJECTIVES

® APPLY INCREASED SPECTRAL, ANGULAR, AND
TIME RESOLUTION TO MAJOR SCIENTIFIC
QuESTIONS(10 1o 100 TIMES BETTER)

¢ APPLY BROAD SPECTRUM COVERAGE

® APPLY NEW TECHNIQUES

D-6




Astronomy Mission Sequence

L

LTy

Emphasis on Broad-Spectrum Coverage

1#lustrates Evolution to Next Generation Set of Requirements

Year

Energy/

831) 84

a5

86) 87 [88) 89 90 |91

92 l_93

94

95| 96197 9893100 |01(02[03) 04 05

Spectral
Coverage

Cosmic Ray*
Gamma Ray*
X-Ray

Soft X-Ray
Extreme UV
uv

Visible
Infrared

Far IR
Microwaves
Radio
Relativity
Space

Laboratory
Astrophysics

[ Cosmic Ray Observatory {(CRO)

—1

Gamma Ray Observatory [ (GRO) | GROII \
| AXAF {
XTE_} [ LAMAR
[EUVE}
IUE L_oFOT I——-) Very Large Space Thinned Aperature 5
starLagr | FUSE Telescope (VLST) Telescope (TAT)
IRAS Space Telescope ) j \
1 : COSMIC___. J

1\

COBE
OVLBI

| M-

\ IR Interferometer L

\

_ N WA

B \ Gravity Wave
Interferometer

1 D-7

*Daesire Low Inclination Drbits

Early

Mature

dou4
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)
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Astronomy - Early Concepts

TN S,

LR

Large Deployable Re-
flector will perform in-
frared and millimeter-
wave astronomy.

The Gamma Ray Obser-
vatory (GRO) will inves-
tigate compact sources
and cosmic backgrour.i
at energies from 0.05 to
50 MeV.

ALTvNd ¥ood 40
Bl 3DVd IWYNIDIHO



Astronomy — Mature Concepts

The COSMIC two-dimensional coherent
array of optical telescopes is capable to
resolve starspots on nearby stars.

Very Large Space Tele-
scope (VLST) concept
involves transforming
the modified interstage
section of the Shuttle
External Tank into a
telescope spacecraft,

Advance X-Ray Astro-
physics Facility
{(AXAF)

ALTYND ¥O0d 40

Bl 29¥e TR0



g_gnsoiidated Astrononpy quuirements

elMaJor OPERATIONAL CAPABILITIES

- EARLY PHASE ~ DEPLOYMENT/RETRIEVAL, SERVICING/
MAINTENANCE/REPAIR
- INSTRUMENT CHANGEOUT/REPLACEMENT OF
CONSUMMABLES
- MATURE PHASE - CONSTRUCTION/ASSEMBLY; OPTICAL TEST &
CHECKOUT

® TEcHNOLOGY DEVELOPMENT AREAS

t

ADVANCED OPTICAL CONTROL TECHNIQUES (ACTIVE MAINTENANCE OF ACCURATE BASELINES,
ALIGNMENTS, AND PHASING; OPTICAL BEAM STEERING/SYNTHESIS TECHNIQUES)
SPACEBASED OPTICAL MONITORING AND TESTING TECHNIQUES AND TOOLS

LARGE~SCALE STABLE METERING STRUCTURES

TWO-DIMENSIONAL, HIGH-EFFICIENCY DETECTOR ARRAYS

OnORBIT CALIBRATION FACILITIES

CONSUMMABLE REPLENISHMENT TECHNIQUES (CRYOGENS. GASES. NDETECTORS)
POINTING/STABILITY AND/OR IMAGE MOTION COMPENSATION SYSTEMS TO ACCOMMODATE
ANGULAR RESOLUTION OF 10"” ARC SEC

i

1

D-10




Space Physics Contact Plan

ConTAcTs MADE

ORGANIZATION
MSFC

ucsh

STANFORD UN1vV
Univ oF Towa
NCAR

CoLo StaTE UN1v
USRA

INDIVIDUAL

_E—lc_m—U:DL.t:jrnﬁ

., CHAPPEL

HILDNER
REASONER
GREEN
CANFIELD
Banks
SHAWHAN
GILLE
VoNDERHAAR
Davis

CoNTACTS PLANNED

ORGANIZATION

CENTER FOR ASTROPHYSICS
MSEC

GSFC

J4SC

APL

JPL

Untv OF Texas, DAaLLAS
Univ OF WIScCONSIN

Univ OF CoLoRADO

Untv OF ALaska

Univ OF CALIFURNIA, BERKELEY
Univ OF ILLinoIs

Untv OF MicHIcAN

Urad STATE Univ




Space Physics

GoaL

To UNDERSTAND THE FUNDAMENTAL PHYSICAL PROCESSES AFFECTING THE TERRESTRIAL

ENVIRONMENT AND THEIR RELATION TO UNIVERSAL PROCESSES,

APPROACH

e GENERAL Prasma INTERACTIONS (WAVE-PARTICLE AND WAVE-WAVE INTERACTIONS)
@ SoLAR WIND~MAGNETOSPHERIC INTERACTIONS
@ GLorAL AND ReerionaL CrLimAToLOGY PREDICTION AND LoNG~TERM WEATHER FORECASTING

MaJOR ELEMENTS

® Space PLasmA PHysIcs

@ SOLAR TERRESTRIAL PHYSICS

Key OBJECTIVES

® CHARACTERIZE SOLAR SYSTEM PLASMAS
® PLASMA INTERACTIONS

& SoLAR VARIABILITY EFFECTS

@ Space CHEMISTRY

® REmOTE MAGNETOSPHERIC DIAGNOSTICS

& WAVE-PARTICLE PROCESSES

® MaGNETOSPHERE-IONSPHERE MASS TRANSPORT

® GLoBAL ELEcTrRIC CIRCUITS

® UpPER ATMOSPHERIC DYNAMICS

@ MippLE ATMOSPHERIC TURBIDITY

® MippLE ATMosPHERIC CHEMISTRY AND ENERGICS
® Lower ATMOSPHERIC TURBIDITY

6 PLANETARY ATMOSPHERIC WAVES

D-12




Space Physics Mission Sequence

Emphasizes Long-Term, Coordinated Measurements

Year
Key Obijectives 83 84 85 8 87 88 89 90 91 92 93 94 95 965 97 98 99 00 01
Basic Space Physics
Space Plasma - Other Planets
Remate Magnetospheric Diagnostics
Space Chemistry Very Large Radar
Large Structure/Plasma - r I
Interaction Effects Initial
Solar Terrestrial Physics . - STO0
Sub_sgitelllte |
Solar Variability Effects Facility \ o0
“ee - 3
en z
Wave-Particle Processes Plasma TurEulelnce Advanced oG
Xplarer Interplanetary 0>
Magnetosphere - lonosphere m -\ Explorer % rig,
Interaction ’-7 |/ ; .o o3
Chemical Release % c
Global Electric Circuit Module Facility ﬂ - 7 //// S3
= m
. AMPTE
Upper Atmosphere Dynamics i 7o
b Advanced STO
Middle Atmosphere Chemistry and {Polar or Very High
Energetics UARS Inclination)
. . Geosynchronous STO
Lower Atmospheric Turbidity , - (GEO-STO)
I
Planetary Atmospheric Waves Initial STO l
{570 at 400 km)
! ' o=
Pre-STO Experiments & Space Lab/Shuttle : _-—] D-13
Instrument Dev Missions ' -

TP 4 »

Early Mature
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Consolidated Space Physics Requirements

Emphasis on Orchestrated Measurements

l Instrumentation Complement l

Initial STO Complement Ultimate STO Complement% “
Total Solar Irradiance Monitor ! X-Ray Irradiance Monitor |

UV Irradiance Monitor ! EUV irradiance Monitor !

Soft X-ray Telescope1 XUV Doppler Spectrohelingraph'I

White Light l’.:omnagraph1 Hard X-ray Spectrometer1

Resonance Line Cm’nnagraph'I EUV Spectograph1

Chemical Release Module® Radio Spe{:tmgraph1

Particle Injector Coherent Scatter Radar

Plasma Wave Injector Plasma Wave Injector

Low-Light-Level Television Particie Injector

X-Ray Teleseope Chemical Release Module

LidarZ Tethered Particles and Fields Prohe

Radiation Balance Monitor® Lidar 2

IR Absorption or Emission Spectrometer2 Upper Atmospheric Temperature Sounder 2
UV and Visible S[.Jet:trl:ometer2 Upper Atmospheric Wind Sensor 2

Upper Atmospheric Temperature Sounder? IR Absorption or Emission Spectrometer 2
Upper Atmospheric Wind Sens-:n'2 Lightning Mappar2

Subsatellite Facility® Very Large Aperture Radar

Amp‘te3

Notes:

1. In concert with solar physics chjectives and reguirements.

2. In concert with earth observations, objectives, and
requirements. D-15

3. Supported free-flyer.

4, Al initial complements not explicitly listed are also included.




Consolidated Space Physics Requirements

8 MaJor CAPABILITIES

NEED TO UNDERSTAND PROXIMATE PLASMA AND PLASMA EFFECTS MONITORING DURING

STO ONORBIT ASSEMBLY

- VERY LONG-DURATION STQ MISSIONS (SOLAR CYCLE TIMEFRAME, INSTRUMENT CALIBRATION)

~ COMPLEMENTARY INTERDISCIPLINARY MEASUREMENTS REQUIRED

- NUMEROUS SUBSATELLITES FREE-FLYING SUPPORT REQUIREMENTS AND SERVICING
(MAINTENANCE, REPAIR, CHANGEOUT)

- ONORBIT DATA PROCESSING AND REDUCTION (CENTRAL COORDINATION FACILITY)

- ManneD STO OPERATION A HIGHLY DESIRABLE OPTION (RESPONSE TO EPISODIC EVENTS,

INSTRUMENTATION MONITORING/SERVICING, CONSTRUCTION/ASSEMBLY, RESUPPLY,

TRAINED OBSERVER/EXPERIMENTER/ENGINEER, INDEPTH UPAGRADE REFURBISHMENT,

MODIFICATION)

@ TEcHNoLoGY NEEDED

~ CONSTRUCT AND ASSEMBLE LARGE APERTURE RADAR/ANTENNA
~ DATA MANAGEMENT FOR COORDINATED MEASUREMENTS AND REAL-TIME

D-16




Planetary Contact Plan

DAaTA SOURCES

- NaTioNAL Space CLum CoNFERENCE PROCEEDINGS, JUNE 1982
-~ J. Moore: "EFFecTIVE PLANETARY ExprLoraTiON AT Low CosT,”
ASTRONAUTICS AND AEronNAuTIcs, OcToBer 1982

ContAacTs COMPLETED ConTACTS PLANNED

ORGANIZATION INDIVIDUAL ORGANIZATION

JPL M. NEUGEBAUER JPL (SpeciFic Mission DATAJ
J. FRENCH SAT (SpecirFic Mission DaTa)

ARC (SpeciFic Mission Data)

VALIDATION

- SSEC DaTa-VALIDATION BULLETIN
- USRA/MM CONSULTANTS




Planetary Missions

GoaL

To UNDERSTAND THE NATURE AND EVOLUTION OF THE SOLAR SYSTEM.

APPROACH
Key OBJECTIVES

® Use BROADBAND INSTRUMENTS TO
IDENTIFY MAJOR CHARACTERISTIC,

& GLOBAL-SCALE CHARACTERIZATION OF
PHYSICAL STATE AND PROPERTIES
WITH FGCUS-DEFINED RECONNAISSANCE.

® INDEPTH STUDIES OF SPECIFIC,
CRUCIAL SCIENTIFIC ISSUES DERIVED
FROM EXPLORATION PHASE.

e USE OF NEEDED RESOURCES.

MaJor ELEMENTS

® PHase 1 - INITIAL RECONNAISSANCE
- EARTH OBSERVATION
- Frysy S/C

® Pruase Il - EXPLORATORY
- OrBITING S/C
- ENTRY PROBES
- |ANDERS

® PHase III - INTEnNSIVE STuDY
- Low-ALTiTUuDE ORBITERS
- SOPHISTICATED PROBES/LANDERS
~ SAMPLE RETURN

8 Pruase IV - Use/EXPLOITATION
- HABRITABLE BASES
- REMOTE

D-18




Phased Planetary Activities

Mission Year} o3 g4 85 86 87 88 89 90 91

Orbiters

92 93 S84 95 96 97 98 9% 00 O

Galileo 0

Outer Planets

Existing Space Hardware Missions
' VenusRadr Mapper '
inner Planets i ) Y

] — @ Launch

A Arrival
Planetary Probes

Duter Planets

O C
™z
38
e 2
Orhi
rhiters ‘8 ;g
Geochem;stry = W
= §¥
Atmospherics a @
Aeronomy/
Climatology
Penetrators
Rendezvous Mariner Marlc 11 Class Missions
CDmEtS gl g BT TR i G e
. Multi-R
Asteroids P
Outer Planets

Early me



Planetary—Venus Radar Mapper

2
38
=2
(»]
22
3
2R
23



Consolidated Planetary Requirements

® CAPABILITIES REQUIRED
- RETURN SAMPLE RETRIEVE/QUARANTINE
- ONORBIT AsSEMBLY/INTEGRATION

@ TEcHNoLOGY DevELOPMENT NEEDED
~ AERCBRAKING TECHNIQUES

- Space AssemBLY TECHNIQUES

D-21




Common Themes

e In THE 1995 1o 2000 TiMerrRAME, EAcH DiscipLINE WILL BE APPLYING SPECIALIZED
Tecuniques (E.G,, INTERFEROMETRY), AND USE LARGE INSTRUMENTS.

@ DisCcIPLINES SHow, AS A Resurt, A CovmoN CATEGORY OF NEEDS AND CAPABILITIES
FOR;

1

VARIETY oF ORBITS

AsseMBLY/TEST oN ORBIT OF LARGE INSTRUMENTS

ExTENSIVE DATA MANAGEMENT

1

OnoRBIT CALIBRATION FACILITIES

@ Data WiLL BE cONSOLIDATED INTO User Missions ConcepT DOCUMENT FOR
ENGINEERING ANALYSIS ON THE PROJECT.




User Missions

Solar Physics And Earth Observations

S. Pompea




From User
Communities

IREELEITD T - - -
4 Sc:en(y/ Applicationsd | Commercial Space Ops National For eign
Ll A Yecropiosd Security User

|

/ 4-————’/*lntegrated

1982 Vw,Tim%Phﬁsed,Qbie§_3€W///ﬂ_4|

2000 bv MASA
33?{] Rgmts \; — Service /
- alidation I ; e 7 T ety — Assembly.
Benefits — USRA onsolidated Discipline’ Rgiits 4—-{ g?eratlonal Requlremenfs:] Construction
— Scientist I — Delivery/
- g;:‘:; A l STS/SS/IFF Analysis Technology Assessment I Eftfie"a'
— (H
— Infotech /
— Social — Etc Mission User Mission Regmts
Funciional i Solor
‘ Analysis Technology iteration
Accommodations | Astronomy Development
\ Reqgmts & Plan
\ g U ~ Lo Siucture sy
— Economic Detailed Mission Reqmis — Attitude Control
Regmts Definition/l S8 Mission Motdel - Ete
Program Options Il > gﬁ;ﬁiﬁtﬁéﬂs‘m
— Performance

— Single Station
— Multiple Stations — Etc

— Low Earty Cost

Arch. Option to Support Program Options

Cost, Scheduie &
Benefits Analysis

{

\

Element Definition & Characteristics

N\

Recommend Space Station
Architectural Concept/Attributes

initial

E__.

Capability

Growth
Increments

E-2
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Ultimate
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Solar Physics

GoaL

To UNDERSTAND THE FUNDAMENTAL PHYSICAL PROCESSES OF THE SUN

MaJOR ErEMENTS Key OBJECTIVES

@ SUN AS A STAR 8 SuLAR INTERIOR
@ Sc{AR STRUCTURE
8 SoLAR VARIABILITY

® Corong & CoronAL HoLE
® FLARE PROCESSES

@ RapiaTion Dynamics

® PARTICLE EuecTion PROCESSES

& ACTIVE Sun

@ HEL10SPHERIC PROCESSES ® SUN-WIND INTERFACE
@ SOLAR WIND
PLANETARY INFLUENCES
@ EFFecT ON INTERPLANETARY SPACE




_Solar Physics Contact Plan

ConTACTS MADE

HAQ

LASP
SPO
GSFC
NRC
NASA HQ

e
L

MacQueen
FISHER
MoNROE
TIMOTHY
Dunn
NEUPERT
. BARTOE
BoHLIN

L - ]
=0 U S0

* ConTACTED IN PERSON

CoNTACTS PLANNED

STANFORD

GSFC

CaL TecH

CENTER FOR
ASTROPHYSICS

MSFC

A, WALKER
A, PoLAND
E. Ruopes

G, WITHBROE
E. TanBURG-HANSON
E. HiLDNER




iKey Objectives

Solar Physics

Phased Activities

SPACE STATION ERA

Proiection y

Solar Interior

Solar Structure

Solar Variability

Corona & Coronal Hole
Flare Processes

Radiation Dynamics
Particle Ejection Processes
Sun-wind Interface

Solar Wind

Planetary Influences

Effects on Interplanetary Science

82 83 84 85 86 87 88 ﬁv@ 90 91 92 93 94 95 96 97 98 99 2000

Solar Coronal =
Explorer 2=

77

//

—— e -
e e
e —,
s e

e

Pinhole
X-Ray Camera
& Coronagraph

ISPV}/Solar Interplanetary

Satellite

NN -
\Solar Interiar

Dynamies Mission

e

el e

. it prrerrs——

[ Coronal —_|
-Diagnostic
. Package —.

—

s |
S
— e Crtprmml
s
e ———

Advanced
Solar
Observatory

AR LD

-

v 0od 46

Lot
-s

.::J,'ntb_)“_ Pt

wh
2

AU D



Consolidated Solar

Physics Requirements

INIT1AL COMPLEMENT

ULTIMATE COMPLEMENT(I)

UNIVERSAL FILTER POLARIMETER
¢ UV SPECTROGRAPH
VISIBLE SPECTROGRAPH
PINHOLE MASK/OCCULTER
X-RAY DETECTOR
CORONAGRAPH/SPECTROMETER
e WHITE LIGHT CORONAGRAPH
o X~-RAY/XUV TELESCOPE
SOLAR X~RAY/COSMIC-GAMMA
RAY BURST DETECTOR
SOLAR WIND INSTRUMENT
SOLAR IRRADIANCE MONITOR

RESONANCE LINE CORONAGRAPH
® SOFT X-RAY IMAGING TELESCOPE
EUV DIAGNOSTIC SPECTROMETER
MAGNETOGRAPH
X-ray, XUV, anp EUV TELESCOPE FACILITIES
MAGNETIC FIELD AND VELOCITY INSTRUMENTS
SOLAR GLOBAL OSCILLATION INSTRUMENT
»SoLAR UV SPECTRAL IRRADIANCE MONITOR
SOLAR TOTAL IRRADIANCE MONITOR
° SOFT X-RAY CORONAGRAPH

SoLAR OpTicaL TELESCOPE

NoTE:

(1) ALL INITIAL COMPLEMENT INSTRUMENTS ALSO INCLUDED




Solar Physics
Critical integration Parameters

® On OrBIT DATA PROCESSING

8 ComManND CAPABILITY To RAPIDLY OBSERVE TRANSIENT PHENOMENA
® OPERATIONAL INTERALIGNMENT

® ConNTinuous OBSERVATION OF A FEATURE FRoM LIMB TO LiMB

® REFURBISHMENT OF OPTIcAL COATINGS

¢ PoINTING TO 1 ARc-SECOND

& Low CONTAMINATION ENVIRONMENT

@ SuN SyNcHRonouS, HieH INCLINATION ORBIT PREFERRED

@ NerD OBSERVATIONS OVER 22-YEAR CYCLE




Earth Observations

(GoAL

To UNDERSTAND THE EARTH AS A SYSTEM AND THOSE CHANGES THAT MAY AFFECT MAN,

ELEMENTS

e UPPER ATMOSPHERE
@ WEATHER

@ OCEANOGRAPHY

@ CLIMATE

® AGRICULTURE

NATURAL RESOURCES

Gz oPHYSICS

Key OBJECTIVES

® DEveLor CAPABILITY TO RELIABLY FORECAST
CHanGEs IN GroBaL 0OzoNE

@ IMPROVE SHORT-AND LoNG-TERM FORECASTING
CAPABILITY

® DeEvELoP UNDERSTANDING OF GLOBAL CIRCULATION
AND THE CAPABILITY TO OBSERVE PRODUCTIVITY

® DevELor CAPABILITY TO FORECAST SEASONAL
VARIABILITY

@ ENHANCE AND ManAGE AGRICULTURAL PRODUCTION,
WaTeErR Use, anDp Lanp Use

& MaP AND EvALUATE MINERAL DEPOSITS, TIMBER,
AND WATERSHEDS

e Map anD DETERMINE EFFECTs oF CHANGES IN

MAGNETIC AND GRAVITY FieiLp anD CRUSTAL
PHENOMENA




Earth Observations Contact Plan

ConNTACTS COMPLETED

NASA HQ

GSFC
MSFC
JSC
LARC
JPL
NCAR
NOAA
USGS, FrassTaFr

CoLo State Univ
Univ oF CALIFORNIA,

SANTA BARBARA
UNIv oF WISCONSIN

MY o Te T2 = =0V R

<2

Anpo, D. ButrLer, D. McConNEL, B. ScHARDT,

. TiLForD, J. WELSH

BarnEs, E. MercanTI, E. SPEAKER
HuBer, 0. VAUGHN

HERBERT

Huck

KAHLE, R. STEWART

Firor, J. GILLE

HAaLL, G, LiTTLE, J. Purpom, H. YATEs
Batson, H. Kierrer, G. ScHABER,
SODERBLOM, S, Wu

MARLATT, J. SmiTH, T. Von DER HAAR,
WaLLACE

. Dozier, J. Estes, D. SimoneTT, R. SMITH

SuomI




Earth Observations Contact Plan (Concl)

PLANNED CONTACTS

NASA HQ — T. FiscuerTi, E. Frinn, H. Hoes, J. Moore,
W. Protrowski, F. Von Bun
GSFC — R, CoaTes, L. MEREDITH
LARC — S, Katzeere, N. MurrAY
JSC — V., WHITEHEAD
NOAA — W. Hovis
ITEK — F., EL-Baz
UCSD — J. ArnOLD
Scripps INST — R. SomerviLLE, C. GAUTHIER
PURDUE — D, LaNDGREBE
Univ oF Miami — (0. Brown
VALIDATION SUMMARY
® ReviEWERS FROM UNIVERSITIES SPACE 36 ConTACTS
REsEaRcH Assoc,
@ RESEARCHERS IN FIELDS OF ATMOSPHERIC — 15 NASA
Sciences, OcEANOGRAPHY & GEOLOGICAL SCIENCES — 11 NCAR, NOAA, USGS
@ PrINCIPAL INVESTIGATORS ON PLANNED EARTH — 10 Un1versiTY

OBSERVATION MISSIONS




Evolution Of Earth Observation

Current Near-Term Far-Term
Upper — Aerosols — Simultaneous — Simultaneocus
Atmasphere — Ozone — Winds — Long-Term

— Minor Species — Calibration

— Lidar

Global Chemical - None — Sensor Testing {iVlaps} - Lidar
Cycles — High Spatial Reso!
Weather — Soundings — Geostationary — Lidar

— Clouds — Sounding {Microwave} — Precipitation
Clirnate — Solar Const — Surface Winds — Long-Term

— Radiation — Global Radiation — High Precision

— 88T — Calibraticn

— Currents
Oceanography — Winds — Wave Specira — Simuitaneous

— Topography — Microwave

— Color

— Temperature
Geology gmd — Geodesy — Mapping — Multispectral
Geophysics — Crustal Dynamics — Synthetic Aperture Radar




Space Station Era

] 92 94 95
¥ & ¥ VAV Vv v v v ¥
e g
UARS z _}_ ______
UPPER ATMOSPHERE LIDAR (S-rsg” " o
GOES 4 j T
METEOROLOGY g FIROSN 8
NIMBUS S TOPEX ;
OCEANOGRAPHY B NOSS-B PASS MICRO?
ERBS j
CLIMATE — .
AERQS
SMIRR MAPSAT
NATURAL RESOURCES | I~ — X" TADV Geolog] _FIREX
SIRA  [SIRB L
GEOPHYSICS G Grad 1
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Consolidated Earth Observations Requirements

1990 ORBITAL REQUIREMENTS
@ SYNTHETIC APERTURE RADAR LEO, HieH INcLINATION
@ IMAGING SPECTROMETER: VIsIBLE/IR LEO, HieH INcLINATION
@ CRYOGENIC LIMB SCANNING INTERFEROMETER

AND RADIOMETER LEO, HieH INCLINATION
® EarRTH RaDiaTiON BUDGET LEQD, HieH INcLINATION
® STEREO VisuaL IMAGER LEQ, HigH INCLINATION
® MicrROwAVE: ACTIVE AND PassIve LEG, HigH INCLINATION
® WEATHER OPERATIONS SATELLITES GEO
® GEOSYNCHRONOUS SATELLITE INSTRUMENT

INTERCALIBRATION LEO, Hied INCLINATION
® RapArR ALTIMETER-TOPEX 1300 KM, 65° InNcLINATION
1995
¢ LIDAR LEQ, HieH IncLINATION
¢ THERMAL IR IMAGER LEO, HieH INCLINATION
& GRAVITY GRADIOMETER LEO, Hien INcLINATION
® MAGNETIC GRADIOMETER (TETHER) LEQ, HieH INCLINATION

® Microwave 100M DiameTER (Passive) GEO




Earth Observations — Critical Integration Parameters

@ Neep DaTta Processine BECAUSE OF HigH DaTA RaTE (IMAGING SPECTROMETER—
300 MsiTs/s)

@ Neep RecoveraBrLE DaTa Base

8 VARIETY oF OrRBiTS ReQuirRep (MosTLY HIGH INCLINATION)

@ AssemBLE AND TEST ON OrBIT (100-M ANTENNA)

@ NEED SimuLTANEOUS DATA ON SETS OF GEOPHYSICAL PARAMETERS
® Low CONTAMINATION ENVIRONMENT

& HiecH Power Requirep - SAR 5 kw, LIDAR 10 kw

@ FrAsH TuBe RepLACEMENT FOoR LIDAR




Communications
Life Sciences
Materials Processing

Commercial

W. Nobles




From User o Sf:ifer;c;//
Communities S

///‘//‘//// Y /S s
- Applications Commercial /]

s

Space Ops

National

r Foreign
Security

User*

J/

User Rgmits

Validation
— USRA
— Scientist

Benefits

— Social

- Economic

— Performance

— NASA
— Ball

— Ete

(—

— Infotech

l STS/SS/IFF Analysis

/

. / ‘-—""/*l d
ST/ g s
— Service
o AU ~ Gompruntion
I — Delivery/
Technology Assessment | _ E::rieual

Mission User Mission Regmts
Functional
Analysis L Solau;\ }' Technology Iteration
Accoms: adations l stronomy Development
\ \ r Regmts & Plan}

Intearated User — Large Structure Assy

Miss? on Re :m — Thermal Control
Detailed a — Attitude Controf

— Etc

Regmts Definition/ SS Mission Model

- Space Station

Program Options Il
— Single Station

— Low Early Cost

\ '— Multiple Stations — Etc

Support Regmis

Cost, Schedule &
Benefits Analysis J

- Arch. Option to Support Program Options

N\

Element Definition & Characteristics|

Recommend Space Station

Architectural Concept/Attributes I Capability

Initial

F-2
Growth Ultimate
Increments ~| Capability

%ﬁg%d YN0



Communications

MAJOR ELEMENTS

TELECOMMUNICATIONS

(GEosyNc ReLaY PLATFORMS)

PREDICTED GROWwTH 7 TO 40 X
TELECONFERENCING

NARROWBAND RaD1o TeLeEPHONE (800 MHz)
DeverorING NATIONS

f

Direct Broabcast TV (GeEosync)
Deep Space ReLay (Geosync)

SEARCH & Rescue (LEO-HicH INCLINATION)

0OBJECTIVES

SupPorRT INCREASED TrRAFFIC NEEDS
- DeveLor NEw FREQUENCIES (KABAND)
INCREASE SLoT DENSITY
MULTIBEAM/MULTIACCESS
SAT.-T0-SAT. RELAY

INCREASE PLATFORM CAPACITIES
BuiLp-Up & Service PLATFORM

]

I

t

SERVICE REMOTE AREAS
SuppPorRT DEEP Space MissIons

ProviDE LocATioN CAPABILITY FOR
EmMERGENCY BEACONS




_Communications Contact Plan

COMPLETED

NASA HQ

MSFC
JPL

L ANGLEY

RCA ASTROELECTRONICS

RCA AMERICOM
GE
HUGHES

ComMm CENTER OF CLARKSBURG

VALIDATION

NASA HQ

MSFC

G. KNoUSE
T. McGuniGAL
L. HoLcomB

H. Fosaque

T. CAREY

DR, J. LAYLAND
J. RANDOLPH

W. GRANTHAM

J. BLANKENSHIP
J. SCHWARZE

M, Van Horn
Dr. H. Rosen
W, MorcAN

T. McGuniGAL
H. Fosaue

T. CaArey

Dr. J. LAYLAND
R. DicKINSON

PLANNED

NASA HQ

GSFC

JPL

FCC

ForD AEROSPACE
COMSAT
INTELSAT
FUTURE SYSTEMS

S. FORDYCE
J. SCHWARTZ
R. DICKINSON

€. Cuccia
Dr. G. GorDON
D. SacHDER
R. STAMMINGER




Major Elements

|<--— Space Station Era soo0

I
83 84 8 86 87 88 189 90 91 92 93 94 95 96 97 98 99 Q0

Telecommunications
{Predicted Growth
Factor of 7 to 40)

e b — ey — i — e — ot S mme e — — — o —

/INTELSAT V, SBS, ANIK 2 Coml Dev

INTELSAT VI

— — A ks e —— — — S il e —  f—

R&D Facility =

— Multibeam/Multiaccess/Antenna Tech
— Dev Platform Assy/Servicing

| Support Coml Activities

— Onorbit, Assy/Align/Test
— OTV to Geosync
— Opnl Servicing

Direct Broadcast TV

—— e —— — — — b i —

STC ‘Coml Dev

Support Coml Activities

Deep Space Relay
Antenna

\
\
\

\

o

o

7]

)

7]

Search & Rescue

NOAA -E / F / G / ese International Co-Op Sys
L = — - —m

!['Provide Monitor Platform ese

F=-5




Consolidated Communications Requirements

ProviDE R & D FAcILITIES

- ANTENNA PERFORMANCE TESTING

~  CLUSTERED ANTENNA PLATFORMS

~  MuLtiBeam/MuLTiAcCESS TECHNOLOGY

- INTEGRATED PLATFORM BuiLpup & SERVICING TECHNOLOGY
ProviIDE OreErATIONAL SupPORT (CoMMERCIAL & GOVERNMENT)
- OnorBIT AsSeMBLY, CHEckouT, OTV MATING

- 0TV DepLoYMENT TO GEOSYNC

- BEosYNC PLATFORM BuiLpupr & SERVICING




ANTENNA TeEST FACILITY SupPorT FacirLiTies (Geosync)
- 2 Kkw Power - ReTrIEVABLE OTV
- PoinTing-1 ARC Min - SATELLITE SERVICING/RETRIEVAL

- OnoRBIT ASSEMBLY - PLATFORM ASSEMBLY




User Missions — Life Sciences

MaJorR _ELEMENTS

VESTIBULAR, NEUROPHYSIOLOGY
CARDIOVASCULAR, CARDICPULMONARY
ELECTROLYTES, FLUID IMBALANCES
HEmATOLOGY, IMMUNOLOGY
MUSCULOSKELETAL

NuTRITION, METABOLISM

EMBRYOLOGY, DEVELOPMENTAL
PHys1oLoGY

RapiaTion BioLogy
BIOENGINEERING

BoTANY

MepicaL OPERATIONS
BEHAVIOR/PsYcHoLOGY

OBJECTIVES

o UnpERSTAND CoMPLEX PHYSIOLOGICAL
RESPONSES TO THE SPACE ENVIRONMENT

- |IDENTIFY POTENTIAL HAZARDS TO
HEALTH AND COMFORT OF THE CREW

- DEVELOP COUNTERMEASURES

@ [STABLISH AN INTEGRATED MuLTI-
DiSCIPLINARY LIFE SCIENCES RESEARCH
PrOGRAM

- MULTIPLE PLANT AND ANIMAL SPECIES

- COORDINATED TEAM APPROACH
- INFLIGHT FLEXIBILITY




3 3

Life Sciences Contact Plan

ContacTs MaDE

ORGANIZATION

UCSF

VCU
UT, HousTon
Rice Un1v

BayLor UNIv
NASA/JSC

NASA/ARC

VALIDATION

Key INVESTIGATOR REVIEWS®

INDIVIDUAL

mM=E=o=20obama a3

. ArRNAUD®

HAVERLIN
Cann®

. Muscrave®

DUKE
WARD®

. Dunn®

RESCHKE™
LEACH®
DAUNTON
KRAFT

USRA - R, JomnsToN, C. ALEXANDER

ORGANIZATION

MATSC0/JSC

MATSCO/ARC
MATSCO/WasH
UT, GALVESTON
Brooks AFB
Univ ofF PeENN
USA-MRICD
OrecoN MED ScH
CorNELL UN1vV
CU, DenvER

INDIVIDUAL

BUDERER
SALINAS
DanT
HoFFMAN
CORREIA
ALEXANDER
STEIN
Pascuzzo
. GRONKE
FRENCH
LEVINSON

MmO o= =

- -




Life Sciences Contact Plan

(Concl)

CoNTACTS PLANNED

ORGANIZATION

TuLANE
MIT

DeFENSE REs EsTAB,

CANADA
SAN Jose ST Univ
WrRicHT ST UN1v

NASA/ARC

Univ oF PENN
St Univ oF NY
UC, RiversiDe
Emory Un1v

UNIv OF LOUISVILLE

VALIDATION

INDIVIDUAL

K. BRizEE
. YOUNG
€., Oman

K. MonEey

R. Fox

G. CRAMPTON
J. Lucot

B. MeHLER

A, BrowN

A. KRIKORIAN
C. FuLLER

V. Popovic*
X. MusaccHiA

3

KEy INVESTIGATOR REVIEWS®
USRA - R. JounsTon, C. ALEXANDER

ORGANIZATION

NIH
KSC
UT, HousTon
Brooks AFB

HARVARD

NASA/ARC

UC, BERKELEY

NavaL AEROSPACE
REseArRcH CENTER

BAYLOR

INDIVIDUAL

=T T O D= oo

=

WHEDON

, KnoTT

ScHELD®

. WOLFE

JONES
PICKERING
WEST
SPOOR
Moore-EDE
Man

. PAce*®

GEUDRY

|LeBLaNC

=10




Life Sciences - {\ctivities Projection

1980

82

j«#—————Space Station Era —— ege

89

S attle
SL1
SL3
01
SL4
SL10

90 92 94 9 938 2000 02 04 06 08
[ i i { | l V | { {

10C

~ Space Sickness

— Orthostatic Intol

— Radiation

— Immunological
Suppression

— RBC Chanaes

— Fluid/Electralytes

— Countermeasures

immediate Health-Threatening
Problems in Humans and Basic
Research lssues

FOC

~— Musculoskeletal

— Bone Demineraliza-
tion

— Vestibular Function

— Mutrition Metabol

1o Long-Duration Space Environ-

Basic Physiological Responses
ment Exposure

— Plant Dev

Physiology
— Fluids/Electrolyte

imbalances
Advanced ZA o
— Emhryolagy Basic Research Questions Reguiring
— Plant & Animal Dev Complex or Continucus Manned
— Mutagenicity Operations or Long-Lead Technology

— Radiation Biology

F-11]




Consolidated Life Sciences Requirements

INTTIAL OPERATIONAL BASIC FIRST AID AND BIOMEDICAL RESEARCH AREA INCORPORATED %
CAPABILITY INTO HABITABILITY AREA/MODULE
~ CLINICAL, DIAGNOSTIC - EXERCISE EQUIPMENT
INSTRUMENTATION - GAS ANALYZER
~ PHYSIOLOGICAL MONITORING - STORAGE AND POWER
DEVICES FOR CARRY-ON EXPTS.
- FIRST AID AND TRAUMA - REFRIGERATED STORAGE
TREATMENT FACILITY - BLOOD COLLECTION KIT
- RECOMPRESSION CAPABILITY - URINE MONITORING
- MINICENTRIFUGE SYSTEM
FuLL OPERATIONAL AREA/MODULE DESIGNED TO SUPPGRT RESEARCH
CAPABILITY - ANIMAL HOLDING FACILITIES

WorK STATIONS (BIOCHEMICAL AND SURGICAL)
STRICTLY CONTROLLED ENVIRONMENT
[NSTRUMENTED PRIMATE FACILITY
VESTIBULAR INSTRUMENTATION

ANIMAL CENTRIFUGE

- PLANT FACILITIES

ADVANCED OPERATIONAL MoDULE(S) DEDICATED TO LIFE SCIENCES RESEARCH
CAPABILITY -~ CONTINUOUS MANNED INTERACTION

- COMPLEX EXPT. PROCEDURES AND HARDWARE F-12
- INFLIGHT EXPT. FLEXIBILITY -7 Py : R

~ LONG-TERM ANIMAL & PLANT
FACILITIES




PARAMETERS

INITIAL OPERATIONAL
CAPABILITY

FuLL OPERATIONAL
CAPABILITY

ApvANCED OPERATIONAL
CAPABILITY

f

EQuiPMENT Sizine (STOWED & DEPLOYED)
POWER

CONSUMMABLES

WEIGHT

FIrsT AiD AnND BiomeDIcAL RESEARCH AREA
@ RecoMPRESSION FACILITY

® ExErRcISE EQUIPMENT

o Dynamic ImAGING DEVICES

8 REFRIGERATORS

@ SUrRGICAL TABLE

LiFe Sciences ResearcH MobuLE

® VESTIBULAR INSTRUMENTATION (SLED, RoTATORS, VERTIFUGE)

e AnimaL CENTRIFUGE (3.7M DIAMETER)
¢ [soLATABLE ANIMAL & HuMAN ReESEARCH AREAS
® LarceE PrIMATE FacILITY

¢ [soLATED INFIRMARY (QUARANTINE)

@ MuLTiPLE ResearcH MoDULES
¢ LonG-TERM ANIMAL & PLANT FACILITIES




Materials Processing

MAJOR ELEMENTS

® CRYSTAL GROWTH

8 MeTAL & ALLOYS SOLIDFICATION

® CONTAINERLESS PROCESSING

@ FLuips & CHEMIcAL PROCESSING

e BiomEDICcAL
- ELECTROPHORESIS
~ ISOELECTRIC FOCUSING
- BLoop RHEoLoGY

OBJECTIVES

® CONTROL GROWTH INTERFACES TO ELIMINATE
INHOMOGEMEITIES AND DEFECTS

® [LIMINATE INFLUENCE OF CONVECTION,
SEDIMENTATION, AND DENSITY
DIFFERENCES DURING SOLIDIFICATION

¢ FELIMINATE PHYSICAL CONTACT WITH
SPECIMEN DURING PROCESSING

® ISOLATE NONGRAVITATIONAL EFFECTS

® [MPROVE SEPARATION OF CELLS AND
PROTEINS

® STUDY BLOOD PROPERTIES




Materials Processing Contact Plan

T

COMPLETED

JPL

MSFC

LEHIGH UN1v

LARC

LERC

BASD

JSC

MarTIN MARIETTA LABS

VALIDATION

USRA
MSEC
JSC

RO g, oo =0t —

WanG

. ELLEMAN

KERRISK
ADAMS
WiLL1ams
ATKINS

., SNYDER

HorTON

., MAcAuLLY

SINGH
STALNAKER
GREENWOOD
DEMEL
CHEN

SNYDER

. DEMEL

PLANNED

MSFC
GTI
MRA
LARC

AERC

MIT
PRINCETON
GSFC
FAIRCHILD

7

Var10US PERSONNEL
COMMERCIAL
COMMERCIAL

TD Missions

Mor Wake SHIELD
ComMB, RESEARCH
MatL Las

CoMB. RESEARCH

TD Missions
COMMERCIAL




Major Elements

~————— Space Station Era

83L84|85|86|87| 88|89|90|91| 92|93|94195|96|97‘98|99|00|

Crystal Growth
Metals & Alloys

Containerless
Processing

Fluids & Chemicals
Processes

Biomedical

Space Lab &
STS Research Sys

! 10C FOC ece
Research Developmental &
[ Level Feasibility Demo Lavel
Capability ce e
1 2080
Opnl Support to On-Station &
Free-Flyers {Res, Dev, Coml)
L B N
_ 3 | 5 é Commercial
—> > =
— =3 % Commercial
—p — % Commercial




10C SupPORT RESEARCH-LEVEL ACTIVITIES

- AccommoDATE DiscipLiNe-WiDE RanGE oF TECHNOLOGIES
-  SYSTEMS TO BE S1ZED FOR RESEARCH

- HieH DEGREE OF FLEXIBILITY

- Provision oF ULTrRarIGH Vacuum

- ExTENDED DURATION EXPERIMENTS

- AccommoDATE BoTH ONSTATION AND FREE~FLYING SYSTEMS
- AccommopaTe CommercIAL PropucTioN SYSTEMS

FOC SupPoRT DEVELOPMENTAL & OPERATIONAL LEVEL ACTIVITIES
- SvsTems S1zeDp To DEMONSTRATE PRODUCTION FEASIBILITY
- CAPABILITY GROWTH IN REsPoNsSE To DEVELOPMENTS

- AccoMmoDATE PrROTOTYPE COMMERCIAL SYSTEMS

GENERAL OPERATIONAL SupPPORT TO FREE-FLYER COMMERCIAL MATERIALS
PROCESSING SATELLITES AS REQUIRED




Materials Processing Critical Integration Parameters

® EXTERNAL INFLUENCES
- GRAVITY: 10'4 TO 10"5 ALL
- Motion: Zero RotaTtion (Liquip PHASE PROCESSING)

e DuraTion - Up To 30 Days (BaTcH Process TimMe)

@ Power - Up 70 25 kw (CONTAINERLESS PROCESSING)

e [CNeErcY - 100 kwH (TypicaL ZonE REFINING PRoOCESS)
@ OrRBIT ALTITUDE/INCLINATION - ANY

@ PeEriobic SySTEM RECOVERY/RESUPPLY

® OperaTOR INTERVENTION/CONTROL




Approach To Developing Space Processing Users

8 BAstD oN ReviEW oF PAST SURVEYS AND ANALYSES

@ BuiLps oN MSFC ConTacTs anNDp EFFORTS
- BENEFITS FROM EDUCATION AND LATER THINKING
- SerLect Best Canpipates (10Z 710 207%)
- {ContacT SameE PeopLE IN SELECTED COMPANIES

e Iwo-Man TEAM FOR RECONTACT
- Space STATION TeEAM MEMBER
- PropucT-KNOWLEDGEABLE SPECIALIST

@ [NTRODUCTORY BRIEFING BY SPACE STATION MEMBER
- Future PossiBILITIES NEeDED. NoT IMMEDIATE PROJECTS
- CompANY FunDING AND PrROPRIETARY DATA ARE NoT ISSuUES
- ImporTANT TO MEET FuTURE FoREIGN COMPETITION
- Company can HeELp Direct RELaTED NASA RESEARCH

@ DiscussioN Lep BY ProDUCT-KNOWLEDGEABLE SPECIALIST
- Assures TEcHNICAL AND BusInESS COMMUNICATION
- StrResses “"WHAT IF” anD StiMuLATE IDEAS
- HeLp OBTAIN VALUE ESTIMATES

F~19




Space Station and User
Requirements Analysis

G. Sione




T

From Usgrv Science
Communities

Benefits

— Social

— Economic

— Perfarmance

Applications Commercial Space Ops g‘::fj‘:?t?; E‘s’;fign
\ - — / *Integrated
Time-Phased Objectives "'_'—/
1982 L : _j____—_ll 2000 by NASA
Use'r Rgmts — Service
lelgasté? lConsoIidated Discipline qu;s_]_]«-—» Operational Requirements II i 225:::::;’20“
— Scientist — Delivery/
- EQISA [ZS‘I’S/SS}I?F’/AE 'lelsi's;/ Technology Assessment | gftrieval
- : 4 ne — Fte
— Infotech X
— Etc

(—

~ Functional
[-Analysis;

iMigéiﬁﬁ%
)

- Accominodations

/

” User Mission Regits/

Solar”,

o/ Bstranomy /.~

Technology
Development
Reqgimis & Plan

- Large Structure Assy

Iteration

fQéfajieﬁy///////

Pragram Options

T Y
\,Integ: ated, User)

— Etc

» .- g= y .f ’.
[ Heams, %ef,le'veﬂ,/ S5 Missidn)

— Thermal Control
— Attitude Contral

— Single Station

- Low Early Cost

— Multiple Stations — Etc

Arch. Option to Support Program Options

Cost, Schedule &

i

Benefits Analysis
|~ Element Definition & Characteristics

N\

Recommend Space Station
Architectural Concept/Attributes

Initial

l——’ Capability

Space Station
Support Regmts

Growth
Increments

o
1
N

- L == WEMOPI= O-zZMEa2MI—-COoMDY ———

Ultimate
Capability

”
(1]

AUTYND Y004 40
oW TYMDINO
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Task Flow

Projection
Analysis

STS "/

N

Capabilities” //
4 User // / //
‘ - Accommodat:on/l
User 1 Integrated” /| « ’ Rgmts Derivation
. Missions User Ragmts /| e ma
' Identification -l Ceneration
7 STSISSIIFF} uer 7/
— 4 Relatlonshlps Accom-’Ramis
Mission 4 Generatlon /
1| Discipiine ‘ Alternative
20-Yr Plan Mission 2 :
Composute/ 7 Mission
5 : T IMission Model, 1‘ ::mplem
ser ‘ 7 oncepts
omd  Mission | ‘ VAlternatwe/ \
__Concepts {f| L v Infegrated ) |/ Mission./, / '
T g User Rgmts efinition
NSl s __/,_,_ /] Al Source
—— 1 Accrued Data Base
Y 11/ S5 Mission Benefit
1 Model’ enetits
User ] v Definition
Mission L
Summary ’ STS/SSNFE)
N et

Relatlonshlps Accrued Cost &
NASA L Benefits | - Programmatic
Summary Analysis
e

ALITYNO HOO0d 0
27 ZOVd TYNIDIHO



SS And User Requirements

e AR =

OBJECTIVE: Derive Space StAaTION REQUIREMENTS BAsep on UseR NEeDs

TASKS: @ Deverop ComposiTE Misstion MobeL
@ EvaLuaTe STS/Space StaTion/IFF RELATIONSHIPS

@ DEVELOP INTEGRATED UseErR REQUIREMENTS AND ESTABLISH A SPACE STATION
Mission MopEL

@ DeveLop User AccOMMODATIONS REQUIREMENTS
® EvaLUATE ALTERNATIVE MissioN APPROACHES AND REQUIREMENTS
® PROVIDE REQUIREMENTS VALIDATION/TRACEABILITY




Composite User Mission Model

Purrpose:; DevELoP AN INTEGRATED MissioN MODEL TO REFLECT THE USER COMMUNITY

REQUIREMENTS

P D DB

APPROACH:

SCIENCE

APPLICATIONS
ComMERCIAL

SPAcE OPERATIONS

U.S. NaTtionaL SECURITY

INPUTS

NASA MopeLs

NASA TecHno
MoDEL

OTHER (AIAA
CONTRACTORS

DOD MopEL

ExisTING PUBLISHED
Mission MopeEL DATA ANALYSIS

BATTELLE MoDELS

Deveror IniTiAL MopEL

@ ELIMINATE DuPLICATION
® FORMAT

® CATEGORIZE

) ® ESTABLISH SCHEDULE

LOGY

UPDATE
BASED
ON
User CONTACTS
& OBJECTIVES
@ [IME PHASING

QuTPUTS

® Mission
MoDEL
e DOD

ANNEX




_Eg:ogram Classes And Categories

SCIENCE ary SPACE OPERATIONS
S-1  PLANETARY OBSERVATION 18 0-1  SATELLITE SERVICING
S-2  EARTH OBSERVATION 49 0-2  AsSEMBLY OF SPACE STRUCTURES 5
S-3  Space PHysics iy 0-3 FLulD TRANSFER/STORAGE 3
S-4  AsTRONOMY 37 0-4  OPERATING PLATFORM 5
S-5  SoLaArR Puysics 15 0-5  LauncH TRANSFER 1
S-6  Li1Fe/Bio/MepicAaL ScIENCES 13 0-6  PropPuLsION iy
S-7  OTHER 2 0-7  SpacecrAFT CoNnTROL 5
APPLICATIONS 0-8 Data ManAGEMENT & COMMUNICATION 11
A-1  MATERIALS PROCESSING 16 0-3  ELecTrICAL 4
A-2  OTHER 3 0-10 Crew SysTeEMS )
0-11 THermaL ConTROL 3
COMMERCIAL 0-12 OTHER 3
C-1  Space PROCESSING 1
C-2  COMMUNICATIONS SATELLITE 59 U.S. NATIONAL SECURITY
C-3  OTHER 3 D-1 Existine ProcramMS ~11
D-2 New ProcrAmMs
D-3  Sepace StaTion SPECIFIC ~6
APPLICATIONS

TOTAL




Composite Mission Model

[ e
Status & ID
//-_ Classification
Existing Program Parameters Projected Space _
- — Station Applications Remarks
p Launch Orbit | Phys Param Mission Summ
rogram , — _
Organization/
Nation
H ; — Dalive !
— Site — Inci {71 — Mass ] — Duration ol ery
— Vehicle } | |- Al — Length — No. of Sat. - g"tf_'ﬁ“-’a'
— OTS — Dia — Launch Year — Service
— Life — Assy
— 8T8 Service °
— STS Retrieval :
— Confidence — Lab/Test Fac
— Source ) — Sortia Support
~ 1 K_ Comm
R
Ny | ] 2 S




STS/SS/IFF Relat

PurPoSE: ESTABLISH THE RELATIONSHIP OF USER MISSIONS TOo THE STS/SS/IFF BY

DETERMINING WHICH SYSTEM BEST SATISFIES THE USER OEJECTIVES AND

REQUIREMENTS

APPROACH:

INPUTS

lo User CommuniTY CATEGORIES
~ TiME-PHASED OBJECTIVES

- OPERATIONAL
REQUIREMENTS

Je ComposITE Mission MoDEL

EvaLuATION

User OBJECTIVES AND OPERATIONS
REQUIREMENTS

@ MIssIoN PLACEMENT
o DUrRATION
& ENHANCEMENT
- SERVICING
- MANNED ATTENDANCE
8 SCHEDUIF

VS
STS/SS/1FF CapaBiLITIES TO BEST

SATIsFY REQUIREMENTS

8 DeveLor SS OperATIONS RELATED
SCENARIOS

© IDENTIFY SS FUNCTIONAL
OBJECTIVE
(SERVICE., RETRIEVAL)

4

QuTPUTS
1ssion Mo

APPENDIX

GROUPING OF
MISSIONS:

® BEST SATISFIED
By SS 85

® BEST SATISFIED
By STS 16

@ BeEST SATISFIED
By STS/SS 189

® RELATIONSHIP

To IFF




-

-

integrated User Requirements

PURPOSE: ESTABLISH TIME PHASED SYSTEM AND OPERATIONAL REQUIREMENTS BASED ON

USER DISCIPLINE PROGRAM OBJECTIVES AND NEEDS

INPUTS

@ User CoMMUNITY
OBJECTIVES AND
REQUIREMENTS

e UPDATED DISCIPLINE
PROGRAM REQUIREMENTS

~ ComposITE Mission
MoDEL

EvALUATION

¢ EsTABLISH OPERATIONAL CONCEPT
For DisciPLINE MISSIONS

- SS RELATIONSHIPS

GrounD RULES

Spec1AL Service NEED
SpeciaL SupPoRT AND I/Fs

EsTABLISH ORBITAL PERFORMANCE
REQUIREMENTS

® DEVELOP IMPLEMENTATION SCENARIOS
- DiscipPLIne ProcrRAM (TIME PHASED) &
~ Mission

© EVALUATE ALTERNATE Mission
APPROACHES

@ VALIDATE CONCEPTS
- Via INITIAL DisciPLINE CoNTACTS

QutpPuTs

¢ INTEGRATED USER
REQUIREMENTS
DocUMENT

e 5SS Mission
MopeEL




User Accommodation Requirements

S

PURPOSE: ESTABLISH THE FACILITY, SYSTEM, AND OPERATIONAL ACCOMMODATIONS
REQUIRED TO IMPLEMENT THE SPACE STATION TIME PHASED USER REQUIREMENTS

APPROACH:
EVALUATION OQuTPUTS
¢ EsTaBLISH Basic SS REQUIREMENTS
© PERFORM FUNCTIONAL ANALYSIS ® ACCOMMODATIONS
INPUTS
—_— - PoteENTIAL SS FUNCTIONS REQUIREMENTS
e ComposITE Mission MopDEL ~ SPECIFIc UsER REQUIREMENTS ﬁ? DOCUMENT
o INTEGRATED User B o toenriry ACCOMMODAT 10NS - Basic S8
REQUIREMENTS REQUIREMENTS
é TIME PHASED ACCOMMODATIONS ~ TiME PHASED
¢ SS Mission MopeEL
USeEr
REQUIREMENTS

G-10




SS User Support Functions

Free Flyer Attached

Remote
Control

8 CHANGEOUT §

re Iy-ar

% Platform

Satellite
/%—‘
Separation

. L)
Delivery Transfer

Retrieval

G-11
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Potential Missions

SERVICING

LARGE SPACE STRUCTURES
PayLoaD/0TV ASSEMBLY
DELIVERY

RETRIEVAL

INSTRUMENT CHANGEOUT

STS PEcuL1AR

135
20
159
139
16
85

16




Functional Analysis—Assembly P/L To OTV

PL Operations
Qrbiter Remove Berth PL Transfer PL Mate P System Func Deploy TMS Maneuver OTV/
Dock to [/ £ gt PL from |-am] at Storage |/#] to Mating 0.?.‘\‘;/Tkn§° L gee] Check for ] PL.-TMS-OTV fei PL to Standoff
SS Bay Site Site PL-TMS-OTV Assy from SS Launch Position
— Universal — SSRMS — 8SRMS — S8 RMS — SS RMS — Check Qut — SS RMS — TMS Control
Docicing — Operation — Operation — Alignment Equipment — TMS Cantral Consale
System Console Console Equipment Cunsole
— Commadity -- Berthing
Support System
OTV Operations
. 1
Orhiter Remove
Dock to | /| OTV from |/ Mate OTYV
to TMS
§S Bay
— Universat — 58 RMS — SS RMS
Docking — Alignment
System Equipment
— Commoadity
Support
TMS Operations
Transfer TMS TMS Mounted Y
to Mating "7’/‘ to Mating — . l i
Site Fixture i;,a s
— 85 RMS — SSRMS L
- TMS — 88 Mating
Fixture
Groundrules Support Rgmts
- TMS — Universal Docking Sys  — Checkout Equipment — Manned Support — 88 Mating Fixture
- QTV — Berthing Sys far: — Alignment Equipment — Commodity Support
—PL - TMS — OTY — Operation Console « Repl Parts for TMS & OTV
— TMS Control Console  — SS RMS G-13

1d TINDRIO
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Orbit Selection Analysis

PURPOSE: DEFINE OPTIMUM ORBIT LOCATION FOR SPACE STATION TO
SUPPORT USER NEEDS

® IDENTIFY VIABLE APPROACHES FOR REQUIREMENT, COST, AND BENEFITS ANALYSIS
® [STABLISH PERFORMANCE REQUIREMENTS

APPROACH:
ANALYSIS
INPUTS Output
@ OpTIiMuM ALTITUDE

@ NASA Data - STS PERFORMANCE

- JSC Mrssion STuUDIES - DrAG Makeup o DRRIT

- STS DaTa © OPTIMUM INCLINATION

$ SELECTION
- ATMosPHERIC DATA - STS PERFORMANCE g;
VS C PARAMETRIC

e STupy DATA - OTV S1ze & LosT DATA

- User DaTa

- REQUIREMENTS
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SS Orbit—Preliminary Selection
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Av,

AV

Investigate

Maneuver

Strategies

(e.g., 57° Orbit to High
Polar vs to GEQ)

3 impulses (No Nodal
Change)

Examine Candidate OTV Capabilities
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Summary Status

@

ComPos1TE Mission MoDEL

STS/SS/IFF ReLaTionsHIPS

INTEGRATED USER REQUIREMENTS

AccoMMODATION REQUIREMENTS

ORBIT SELECTION ANALYSIS

REQUIREMENTS TRACEABILITY

INITIAL Issur RELEASED
- UppATE As ReqQuIRED BY User DaTA
- 790 MissIons IDENTIFIED

INITIAL EVALUATION 437 COMPLETE
UNDERWAY

IntT1AL DocumENT RELEASED

~ Basic SS ReEQUIREMENTS

- PoTeNTIAL SS User SupporT FuncTions EVALUATED
-- REQUIREMENTS IDENTIFIED
-~ UrpaTE 710 USER SPECIFIC REQUIREMENTS

PRELIMINARY OrRBIT SELECTION PARAMETRIC DATA--
In PrROCESS

MaInNTAINED BY CoDE 70 ORIGINAL COMPOSITE
MissioNn MopeL Missions




Accrued Benefits

T.d. Sullivan




2o PR ‘ i National Fareign
Science Apphcat:onsj Commercial Space Ops Security User*
\\ p / * d
" ime-Phased Objectives | ‘._———’/lntegrate
1982 b l — T’J 2000 by NASA
User Rgmts — Service
Validation - T - - — Assembly/
~ USRA IConsohclated DlS(_:_I_EI[lﬂe Rgmts I-;——-» ‘C_)Efzrautg_a_l‘l Requ:rementsj Construction
— Scientist — Delivery/
- E;?ISA I STS/SS/IFF Analysis Technology Assessment I !Eﬁstrieval
- — Etc
— Infotech Z Y
— Etc Mission User Mission Regmts
Functianal
Analysis L So}a:‘ Technology iteration
Accommodations L stronomy Development

—

\ \ Integrated User

Detailed

Regmts Definition

N

/ SS Mission Model

)4

Mission Regmts

Program Options

Reqmts & Plan

— Large Structure Assy
— Thermal Control
— Attitude Control
— Ete

= Space Station

— Single Station
— Multiple Stations — Etc

— Low Early Cost

Support Regmts

Cest, Schedule &

Arch. Option to Supps<. . Program Options

¥

N\

Benefits Analysis
P Element Definition & Characteristics

Recommend Space Station
Architectural Cancept/Attributes

f————— = =W EMODT~ NHZMEMI—=COMEI —

H-2
| initial Growth Ultimate
~1 Capability | incremenis Capahility
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Objective and Scope

0OBJECTIVE

SCOPE

To IDENTIFY BENEFITS TO BE DERIVED BY OR FROM
USER MISSIONS FOR THE VARIOQUS MISSION ALTERMNATIVES.

AnNALYZE ALL MissioN CATEGORIES & DISCIPLINES
DETERMINE SS/STS/IFF ReELATIVE BENEFITS

- Economic

- PERFORMANCE

- SociaL




Task Flow

Projection STS
Analysis Capabilities

User
\ = Accommodation

ALITYND ¥00d 40

User =] Integrated J Rgmts Derivation
User Missions User Rgmts ‘ —
Survey Identification »{ Generation
STS/SS/IFF ~{ User
— Refationships "1 Accom Rqgmts
Bﬂgssgor! Generation ‘
iscipline l Alternative
20-Yr Plan ! Missions
Composite J MESSion
'H Mission Model ) Implem
U.r!er_ Concepts
-1 Mission \ Alternative [\
Concepts 4— tntegrated F Mission
{ User Rgmts Definition
i i 4 ,7}’
— ccrue
¥ — fni?gﬂéfsmn ? Benef1t57
Uger_ L_\_/ l/ Definition
Mission Mottt oot
| lsu\mma"f STS/SS/IFE ,
Relationships ‘ / Accrued 7, Cost &
NASA T T~ / Benefits / Programmatic
_ Summarv Analysis
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Assumptions, Constraints, and Considerations

AssuMPTIONS AND CONSTRAINTS

8 SPACE STATION FACILITY
- PERMANENTLY MANNED
- STS SupPORTED

@ TIime PErIOD OF INTEREST
- 1985 10 2000

CONSIDERATIONS
@ SORTIE SUPPORT o Cowmm & DaTa HanDLING
@ STRUCTURE ASSEMBLY @ STERILIZATION
e SATELLITE DELIVERY/RETRIEVAL @ LaB/TesT FaciLITY
® SATELLITE SERVICING ¢ [ETHERED SATELLITES
@ OreraTions CoNTROL e LOD ENHANCEMENT
8 SUuPPLY STORAGE/REPAIR ® SAFETY




ﬁpproach

SPACE STATION

JPACE BENEFITS SUMMARY
STATION
(iEV ) pRo~RAM OPTIONS PROGRAM OpTION A-1
B ’ B-1 “ACCRUED BENEFITS
CAPABILITIES

B-2 SUMMARY "
><t: .::::::> — TIME PHASED
A 3 B-3
C-1

fw/L/

FUNCTTONS

USER
MISSIONS ::::::f:]

ANALYZE & ASSESS

BENEFITS
— EcoNoMiC

— PERFORMANCE
— SOCIAL

COST/BENEFIT
ANALYSIS




crued Benefits Summary

CATEGORY CAPABILITIES
/S S oewétions /S S S S S SS
E
2 I O I Y
S 1 b AN BENEFITS AREA
— ECONOMIC
DISCIPLINE — PERFORMANCE
ACTIVITY — SOCIAL
' ASSESSMENT
— SS UNIQUE
/ — SS/STS
— STS UNIQUE
= /” — SS/IFF
L Jl” ~ IFF UNIQUE
S-2 EARTH EvaLuaTeD PeEr ProGrRAM OPTION
OBSERVATION
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Earth Observation Accrued Benefits

Space StaTion UNIQuE

@ TarRceTs oF OpporTunITY (E,P,S)

& Repucep SuBsysTEM RequiremenTs (E,S)

® MuLTIPLE INSTRUMENT CORRELATION
(E,P,S)

@ [eETHERED SATELLITE LOD (E,P,S)

o ON-ORBIT STORAGE OF SPACE/
REPLACEMENTS ParTs (E,P)

¢ On-OrRBIT STORAGE OF REQUIRED FLUIDS
(E,P)

@ LonGg TERM ManNNED Presenc: (S)

Space StaTion/STS or IFF EculvALENT

& Lone TERM SensoR OBSERVATIONS
(E,P,S)

Sensor Data Aceuisition (E,P,S)
Quick-Look DaTa AnaLvsis (E,P)
InsTRUMENT CaLiBrATION (E,P)
InsTRUMENT ALienmenT (E,P)

LEO ReTrievaL (P,S)

e e & @ &

Space STATION FAVORED

¢ Mannep LaBoraBories (E,P,S)
@ SAT/ExpmT CHeEck-0Out (E,P,S)
o Servicine (E,P)
- REPAIR
~ ReEsuppLY
- InsTR./SuBsYSTEM CHANGEOUT
8 REDUCED SUBSYSTEM REGMTS FOR
TeTHERED SATELLITE (E,S)
@ Quick-look DATA ANALYSIS FOR
TeTHERED SATELLITE (E,P,S)

SpACE STATION UNFAVORABLE

¢ LEO DELivery (P)
8 MannED AparTIVE ExpmT/OPns., CoNTROL
o Lonc TERM MANNED OPERATIONS

(PEr INDEPENDENT MISSION)
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Mission Requirements Summary

UseEr MIssions

~ CATEGORIES IDENTIFIED (27)

- ContacT PLan CompLETED (60%)

- User Mission CoNcepTs PrReparep (40+)
~  20-Yr PrLaNs BASELINED

REQUIREMENTS ANALYSIS

- ComposITE Mission MopeEL BaserLinep (290)

- User AccommopatioN Document DRAFTED

- IntTiAaL SS/STS/IFF Mission RELATIONSHIPS FSTABLISHED
- ALTERNATE Mission PARAMETRICS

ACCRUED BENEFITS

- BENEFITS & AcTiviTIES BAseLineD (15%)

H-10




Agenda

SUBJECT SPEAKER
INTRODUCTION R, B. DEMORET
EXECUTIVE SUMMARY S. R, ScHrRock
MissioN REQUIREMENTS T. J. SuLLivaN
~ User Mission REQUIREMENTS DEVELOPMENT F. J. STEPUTIS
- AsTroNOMY/SPACE PHYSICS/PLANETARY F. BARTKO
- SOLAR PHYs1cs/EARTH OBSERVATIONS S. M. PomPEa
- Comm./L1Fe Sci./MrLs Proc./CoMMERCIAL W. 0, NoBLES
- Space StaTioN AND lisER REQUIREMENTS ANALYSIS G. E. Stone
- ACCRUED BENEFITS T, J. SurLivan
Mission IMPLEMENTATION CONCEPTS T. J. Rasser
CosT, SCHEDULE, AND BENEFITS ANALYSIS T. A. MoTTINGER
DOD Tasks T. K. SULMEISTERS

ADJOURNMENT




Mission Implementation Concepts

Tom Rasser
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Implementation Concepts Flow Diagram

Program Options

Mission
Reguirements
Inputs:
Integrated Miable
User Missions Options
) Define
Benefits Candidate 33
Program 3
Accommodation§: Options
Needs
=i Feasibility
= Analysis
— User Rgmts
— Costs
— Schedules
Programmatics §
Task -

System Attributes
and Characteristics

Program

Continuing
Support

Architectural

Concept >
Analysis

Space Station

Evolution Plan

Recommended
Evolution
Plan

Characteristics

— Capabilities
— Crew

— Payloads

— 8T8 Support

- Initial
Capability

— Ultimate
(2000)
Capability

— Growth
increments
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Program Options

DEFINITION §- ToP LEVEL PLAN FOR IMPLEMENTING AND EVOLVING SPACE STATION
CAPABILITIES BASED ON USER REQUIREMENTS, DEFINES:

¢ MAJOR SPACE STATION CAPABILITY MILESTONES
® REQUIREMENTS RATIONALE
e STS anp ELV suppoRrT

AppLicAaTION]~- @ INITIAL STEP IN DERIVING ARCHITECTURAL OPTIONS

® Basis FOR EvoLuTIioN PLAN

® ALLOWS ITERATION BETWEEN REQUIREMENTS/ARCHITECTURE/
PROGRAMMATICS

® ANSWERS:

-  WHAT CAPABILITIES ARE NEEDED?

- WHERE ARE THEY MOST BENEFICIAL?
-  WHEN IMPLEMENTED?

- WHAT IS cosT?




Candidate Program Options

CATEGORY A

SINGLE MANNED SPACE STATION PLUS UNMANNED PLATFORMS

A-1

289 sTAaTION, EARLY OTY

28° staTION, LFO SupPoRT
50° - 579 staTIoN

90° sTATION

CATEGORY B

TWo MANNED SPACE STATIONS PLUS UNMANNED PLATFORMS

B-1
B-2

B-3

CaTEGORY C

INITIAL sTATION AT 280
INITIAL STATION AT 90°

S4 .7 DERIVED VEMICLE

SPECIAL EMPHASIS

C-1

Low FRONT END COST




Requirements Data Base

Missions

Missions

88 90 92 924 95 98
Time, Years

88 90 92 94 96 98
Time, Years

290 User Missions —— 400-450 Flights

Missions
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4L s
27
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Applications
70 r
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Program Option Format
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Option A-1: 28.5-Early OTV

DOD &

GEO Commercial __ __ __ __ _. . — / :
I " 0TV Retrievable % <K STS/ELV

— Aerobrake

Science & Matl
— High Inclin PLs

, Processing

Free Flyers /
l A—J‘_—,_-—— & STS Service

Servicing-28.5°

— Robotics — Crew Increase /

Science
— System Bus — Cryo Supply — EVA/IVA — LSS Assembly

— Pointing — Data Process / < User C
P ser Costs
[ Platform (5)'28.5 A';— STS Support
Mat! Processing — DOD Integration /
— Resupply — System Bus
= — Maintenance
=z L Platform({s)-28.5° f‘-——-—"" / & STS Support
% — Lowg
&) GEO Science & Coml — Attached/Free Flyer /
Planetary
i OTV-Retrievable ‘JF’ / < STS Support-28.5°/50° & GFO
— GED — Hangar — Scavenging
— 509 PLs  — Prop Storage/Transfer
Early Payloads
< STS Support PLs -28.5°

b e it oy wr worr o / Launches

STS/ELV Support

— TMS/Prop Storage — Servicing (MMU)

Manned Station ?
/ > STS Support —Station

— Crew 3-5 — DQD Integration
] i I ] | ] | | | | | |
1989 1991 1993 1995 1997
Time, Years



Option A-2: 28.5° LEO Support

; JEWdS TeNENYO

AUTYND HOOd -0

=
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GEO-Coml/Science/DOD
OTV-Retrievable =t /« STS/ELV
. — Aerohrake / Launches
Science & Matl ~ High Inclin PLs
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Expand Servicing - 28.57 / <  STS Service
P . — Hangar — LSS Assy — Rubotics /
= Science -~ EVA/IVA  _ Crew Increase
O
<
e G /( STS Support
g Platform(s) - 28.5 ~+ / C User Coers
— DOD Integration
Matl Processing — TMS Transfer /
I Platiormes) - 28.5° é hS Support
— Lowg — TMS Transfer /
Early Payloads — Attached/Free Flyer
/ < STS Support - 28.5° PLs
Manned Station - 285° <> / > STS Support Station
— TMS/Prop Storage — DOD Integration -
— Crew 3-4 — Servicing / STS/ELV Support
— Payloads
] | 1 1 ] 1 I I | I ] ; I |
1989 1991 1993 1295 1997 2000
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User Flights per Year

20—

—t ]

Total User Flights

LEO
Flights

Option A-1

N

_

i

{50% GEC PLs}

/ QOption A-Z

1989
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97

Cumulative
Flights
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89 : | 4
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92 39 | 26
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Option A-3: 50° to 57° Station

Capability ———a

=

GEO ——————— — —— | K STS/ELYV
B OTV-Retrievable G-r"” Launches

h - A X ERn SeE e ew biem (aw Mk
— Aerobrake — Scavenging
— 280 to 1000 Transfer

Science
Platform(s) 28.5° <= / < STS Support
— LSS Assy /
Matl Processing
Platform (s) 28° 10 57° <> / < STS Support
Science
Servicing ? < STS Support
— Robotics — CrewdA /
— EVA/IVA — LSS Assy /
GEO/Science
T _200 )
OTV-Retrievable === / < STS Support -28% to 80° PLs
— 28° t0 80° Transfer =~ — Prop Storage
— GEOQO, — Hangar
Early Payloads — Seavengin /
* , gina < STS Support - 50° PLs
Manned Station == > STS Support Station
~ TMS/Prop Storage  — Crew 3-5 I
— DOD Integration — Servicing . ,.
1 1 1 1 |t i r 1 tt ;1
1989 1991 1993 1995 1997 2000 =11

Time, Years




Option A-4: 90° Station

GEO

OTV —Retrievable

— Aerobrake
— 28° to 100° PLs

Secure DOD Area J}.

— Independent Systems
Science & DOD
[ Platform- 90° %
E — Precise Pointing
% -- Noncontaminating
o Science & DOD
© Servicing jp-
-~ Hangar — L.SS Assy
— EVA/IVA - Robotics

Manned Station -90° JP’
— TMS/Prop Storage  — Servicing

— Crew 3-6 — DOD Integration
i | | | | i I i | { I I 1 !
1989 1991 1993 1995 1997 2000
Time, Years

STS/ELV Support for Low
Inclination and GEO Payloads

STS/ELV Support
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Option B-1: 28.5° —= 90° Stations

GEO

- Hangarv — LSS Assy
Science & DOD - EVA/[. A = Crew
— Robhotics /< o
a0 Support - 20° PLs
t Manned Station - 30 g / > STS Support Station
M ) - TMS - DOD Secure
£ Matl Processing —Crew35  — Servicing /
£ & Science
8 Servicing - 28.5° - /
— Hangar — LSS Assy
. — Robotics — EVA/IVA < STS Support
Matl Processing — Crew / < User Costs
Platform - 28.59 <>
—lowg /
Early Payloads /
ion - 28.59 < STS Support - 28.5° PLs
Manned Station - 28.5 % S STS Support- Station
— TMS/Prop Storage  — Servicing
— Crew 3-5 — DOCD Integ / STS/ELV Support
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1989 1991 1993 1995 1997 2000

Time, Years

OTV Retrievable - 28° <K STS&ELV
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— Prop Storage/Scavenging

. — Crew O — High Inclin PLs
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r Servicing - 90° ‘er < STS Service




Option B-2: 90°—=28.5° Siations

GEO
OTV Retrievable — 28.5°
— Aerobralke — Scavenging
Science — High Inclin PLs
Platform(s) — 28.5° ]r
— Precise Pointing
Science & Mat! — LSS Assy
Processing
Servicing — 28.5° %
- Hangar — LSS Assy
. — EVA/IVA — Robotics
Science
Manned Station —28,5° vé?
— TMS — DOD Secure STS/ELV Support
Science & DOD — Crew 3-6 Levels Similar to
- Option B-1

z I Servicing - 902 ‘)i’

< — EVA/IVA  — LSS Assy

§' Science & DOD — Robotics — Crew Increase

Manned Station —90° "!r
— TiIS/Prop Storage  — Servicing
Mat} — Crew 3-4 — DOD Integ
Processing
_ o
Platform(s) Z28.5 ug STS/ELV Support
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Option B-3: Shuttle-Derived Vehicle Station

Capability see——

Science & DOD

o

STS Support

- TMS
GEO — Crew 3-4

Manned Station - 90° %’ // < 900 to 100° PLs

OTV Retrievable

= /<< Tronts

) — Aerobrake — Scavenging
Science — High Inclin PLs
7
Platform(s} ‘4? /'.N
— Precise Pointing < STS Support
Matl Processing — LSS Assy / ? < User Costs
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- I STS Flights to IOC
SDV Station - Z2.5 2,7 / é STS Support-28.59 PLs
— Crew 4 {Initial) - 24
— T™MS — Servicing STS/ELV Support
— Storage — Labs
| OTVjHangar —Payloads | | | 1 1t ]
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§hutte-Derived Space Station

60,000 ft3 Useable Volume/One STS Launch

OTV/TMS Hangar 24-Man Habitat
General Service & Assy Control Center,
Payload Storage L aboratories,
DOD Secure Area
Hangar Gas Orbiter Propulsion

Storage System
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Option C-1: Low Front-End Cost

GEO

Matl Processing

OTV Retrievable28.5°

— Aerobrake
— High Inclin PLs —Scavenging

or Science
Platform(s)-2&.5° #—-
— System Support
l Servicing-28.5° ?—-
— Reduced STS Support
£ Mat! Processing ~ Hangar — LSS5 Assy at 28.50
i Science, DOD — EVA/IVA — Robotics — Reduced ELV Support
3 ' to GEO
3 tan.28 5O — $T8S Supports High
Q E Manned Station-28.5 ‘f——-r,_—- inclin Pls
- TMS — Servicing
— Crew 4-8 — DOD Integ
Science
Platform{(s)-28.5° %::-—
Matl Processing
Platform(s)-28.5° 4,7—
— Lowg
STS/ELV Support —j
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Mission Implementation Summary

® USER REQUIREMENTS IMPLY NEED FOR A COMBINATION OF MANNED AND UNMANNED
SPACE STATION CAPABILITIES,

@ PRELIMINARY RESULTS INDICATE THAT EARLY DEPLOYMENT OF MAN IN SPACE:
~ [s MANDATORY FOR LONG TERM LIFE SCIFYCES REQUIREMENTS.
- ENHANCES PERFORMANCE OF COMPLEX OPERATIONS ASSOCIATED WITH
USER SUPPORT.
- RESULTS IN ECONOMIC AND PERFORMANCE BENEFITS TO LARGE NUMBER
OF FREE-FLYER PAYLOADS,

® OSECOND MANNED SPACE STATION IS REQUIRED AT SOME FUTURE TIME TO MAXIMIZE
USER SUPPORT.

® BENEFITS DERIVED FROM MANNED SPACE STATION ARE GREATER FOR FREE-FLYING
PAYLOADS/PLATFORMS THAN FOR ONBOARD OR ATTACHED PAYLOADS.
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Cost, Schedule, and Benefits Analysis Ob_j:ectives

® DerINE THE ROM cosTS AND SCHEDULES FOR SPACE STATION OPTIONS.,

® DEVELOP METHODS AND CONDUCT ANLAYSES TO DETERMINE ROM cosTs
AND BENEFITS OF EACH PROPOSED CAPABILITY INCREMENT.

@ COMPARE COSTS AND BENEFITS TO DETERMINE A COST-EFFECTIVE
EVOLUTION PLAN.

® LXPLORE THE EFFECT OF SCHEDULE VARIATION ON COSTS AND BENEFITS.




Task Overview and Status

— Social

4

N
Pragram Options
Define Define Explore
— Capabilities Element Program Schedule
Schedules Schedules Variations
— No. Crew
— Size <t
— Weight
Define Determine Recommend
Obs S . ROM Cost Evolution
— Ups scenario Costs Effectiveness Plan
A
Benefits
Quantify
— Economic : Economic
: Benefits Determine
: Figure of
— Performance Merit




Schedule Analysis Example

RIS TRATIRL TS

Element Schedules

FY 1 2 3 4 5 6 7 8
Habitat Module
— Technology Dev M
— Design/Dev/Test/Eval

— Long-Lead Procurement

-t N
— Fab/Assembly * o @

Program Schedules

Element FY| 1 2 3 4 5 6 7 8 2@

Habitat Module

Logistic Module

Docking Module

oTVv

J-5

MARTIN MARIETTA



st Estimate Approach

Space STATION ELEMENT
CHARACTERISTICS

® DIMENSIONS

e WEIGHT

e PERFORMANCE

e No. CRew

e LogIsTicS REQUIREMENTS

® SHUTTLE RESUPPLY FLIGHTS

CosT-ESTIMATE METHODS

ROM CosTs

® ANALOGIES

- SKYLAB

- SPACELAB

- SHUTTLE

o PARAMETRIC
- CERs
~ MopELs
@ ProuEcT DaTA

- STS User CHARGES
~ MMU
- TMS
- 0TVs

e DDTRE
¢ PRODUCTION
o (&S
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Cost vs Capability Increment
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Quantification of Economic Benefit Example

Economic Benefit

Payload Attached
— Delete Spacecraft Subsystems

L'a‘\iﬂht N/R  $180M
1:39;5Ib CERs' { R $ 70M

Total $250M
Note:

1. Martin Marietta cost-estimatirig relationships.

Typical Spacecraft 2
Subsystem Breakdown ___
Structure 9%
Propulsion 5%
G&C 9%
Comm 14%
Power 4%
Science 16%
Subtotal 57%
Management 5%
Systems 4%
Test 7%
0/C-Rel 5% [
Assembly 3%
GSE 9%
Launch/Flight Ops 10% /
Subtotal 43%
Total 100%

41% x 75% = 31%

43% x 54% = 23%

2. SAl spacecraft cost model.

Potential
Economic
Benefit

54% of

$250M = $135M



Program Option

Decision Matrix Example

| o
10
N
L
Rating L
5 -
L Benefits
i 1))
i ]
L i L ] 1 2 5 E ]
) £ 1 E — 45} @
50% 100% s | SIEl =] 8 .
o T 3 ) E 8
Q [a+]
wl a. ﬁ ey —
Y g =
Program | Wt N i & o
Option 1% 5 3|2
A-1 5 |8 “ 66 | $10.1 6.53
A-2 ] 8 5 64 $ 9.8 6.53
A-3 4 3 7 43 $ 9.7 443
A4 7 6 5 63 $ 99 6.36
B-1 10 7 8 87 $12.2 713
B-2 g8 |10 |6 isz $120 | 6.83

Select Program
Option with
Largest Ratio
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Cost, Schedule And Benefits Analysis—Status

COMPLETE

-~ F1rsT cut AT ROM cOSTS AND SCHEDULES FOR SPACE STATION ELEMENTS
-~ MeTHODS TO EVALUATE PROGRAM OPTIONS
EFFORT REMAINING

REFINE ROM cosTs AND SCHEDULES

QUANTIFY EconomIc BENEFITS

ExPLORE EFFECT OF SCHEDULE VARIATIONS

SeELEcT A CosT EFFecTIVE EvoLuTion PLAN




